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Abstract

The congenital adrenal hyperplasias (CAH) comprise a family of autosomal recessive disorders
that disrupt adrenal steroidogenesis. The most common form is due to21-hydroxylase deficiency
associated with mutations in the CYP21A2 gene which is located at chromosome 6p21. The
clinical features associated with each disorder of adrenal steroidogenesis represent a clinical
spectrum reflecting the consequences of the specific mutations. Treatment goals include normal
linear growth velocity and “on-time” puberty in affected children. For adolescent and adult
women, treatment goals include regularization of menses, prevention of progression of hirsutism,
and preservation of fertility. For adolescent and adult men, prevention and early treatment of
testicular adrenal rest tumors is beneficial. This article will review key aspects regarding
pathophysiology, diagnosis, and treatment of CAH.
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Introduction

The congenital adrenal hyperplasias (CAH) comprise a family of autosomal recessive
disorders that disrupt adrenal steroidogenesis. Three specific enzyme deficiencies are
associated with virilization of affected females. The most common form is 21-hydroxylase
deficiency (21-OHD) due to mutations in the 21-hydroxylase (CYP21A2) gene. Other
virilizing forms include 3p-hydroxysteroid dehydrogenase and 11p-hydroxylase deficiencies
associated with mutations in the 3p-hydroxysteroid dehydrogenase (HSD3B2) and 11p-
hydroxylase (CYP11B1I) genes, respectively. Oxidoreductase deficiency (PORD), due to
mutations in the cytochrome P450 oxidoreductase (POR) gene can result in virilization of
affected female fetuses and under-virilization of affected male. POR encodes a flavoprotein
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that serves as an electron donor for cytochrome P450 steroidogenic enzymes such as 21-
hydroxylase. Most of this review will pertain to 21-OHD.

In 1865, Luigi de Crecchio, a Neapolitan anatomist, reported the earliest documented
description of a patient presumed to have 21-hydroxylase deficiency. At autopsy, the cadaver
was described as having labioscrotal fusion, a 10 cm curved phallus with hypospadias,
bilateral undescended testes, a vagina, a uterus, fallopian tubes, ovaries, and markedly
enlarged adrenal glands. This individual had ambiguous genitalia at birth, reportedly
presented as a male throughout his adult life, and presumably died of adrenal insufficiency
in his 40s during an episode of vomiting, diarrhea, and prostration.! Just over 100 years later
in 1957, the nonclassic or mild form of 21-hydroxylase deficiency was described by Jacques
Decourt, Max-Fernand Jayle, and Ettiene Baulieu.?

The features associated with CAH comprise a clinical spectrum reflecting the consequences
of the specific mutation. In the case of 21-OHD, the continuum ranges from salt-losing and
simple virilizing forms to the mild form. Collectively, the salt-losing and simple virilizing
forms are considered to be the classic forms. The mild form is also known as the late-onset
or non-classic form (NCAH). However, this classification system is somewhat artificial
because disease severity is better represented as a continuum based on residual enzyme
activity. The incidence of the classic forms is reported to range from 1:5000 to 1:15,000 and
varies among ethnic/racial backgrounds.3 Ethnic specific mutations have been reported
amongst Ashkenazi Jews, Iranians, Yupik-speaking Eskimos and East Indians.*
Additionally, the prevalence of 21-OHD is lower among African-Americans than Caucasians
in the United States.> Screening of 2 million newborns in New York State detected 105
confirmed cases of classical CAH; the incidence was approximately 1:15,500 for Asians and
white infants, 1:17,450 for Hispanic, and 1: 24,840 for black infants.® Incomplete
ascertainment confounds accurate determination of the incidence of NCAH. However,
available data indicate that NCAH is more common than the classic forms with an incidence
of 1:1000 and increased prevalence among Hispanics, Yugoslavs, and Ashkenazi Jews.”

Molecular Genetics

The CYP21A2gene is located in a complex genetic region at chromosome 6p21.3 where it
lies in close proximity to a highly homologous pseudogene, CYP21A1IRP. CYP21A2and
CYP21A1Pare arranged in tandem repeats with the C44 and C4B genes, which encode
complement 4 (Figure 1). The tenascin (7/A.X) and serine threonine nuclear protein kinase
(RP) genes are also mapped to this region. These four genes, RP, C4, CYP21, and TNX,
form a unit known as RCCX. Most alleles carry two RCCX units in which one has
CYP21AZand the other has CYP21A1P.

To date, over 200 CYP21A2 mutations have been reported (http://www.hgmd.cf.ac.uk;
www.cypalleles.ki.se).8 Yet, despite the large number of reported mutations, approximately
10 mutations account for the majority of affected alleles. Most mutations result from gene
conversion events. Gene conversion events take place during meiosis when homologous
recombination between the functional gene and the pseudogene results in a mismatch in base
pairing.® During this process, the functional gene can acquire deleterious CYP21A1P
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sequences or misalignment during meiosis can give rise to duplications or deletions of the
RCCX unit. Haplotypes with 3 or 4 RCCX units have been described.19 Another example of
misalignment is a CYP21A1PICYP21A2Z chimera in which a portion of the CYP21A1Pgene
is fused to a portion of the CYP21A2gene.1! Rarely, CAH can be associated with
uniparental disomy.12 The de novo mutation rate is very low and is approximately 1%.

Most affected individuals are compound heterozygotes with different mutations on each
allele. Mutations range from complete loss of function to mild missense mutations.
Estimates of /n vitro 21-hydroxylase activity range from <1% for mutations associated with
salt-losing CAH, to 2-10% for simple virilizing CAH, and 30-50% for NCAH. An
individual’s phenotype generally reflects the residual enzyme activity of their milder
mutation. Patients with classical salt-losing CAH usually carry complete loss of function
mutations on both alleles. Patients with simple virilizing CAH typically have a complete loss
of function mutation on one allele and the 1172N or intron 2 splicing mutation on their other
allele. Patients with NCAH often carry different mutations on each allele with at least one
allele carrying a mild missense mutation such as V281L. Approximately 25-50% of
individuals with NCAH are reported to have mild mutations on both alleles.13:14.15
Mutations associated with NCAH include V281L, P453S, and R339H. The P30L mutation is
often detected in patients with NCAH, but is typically associated with more severe androgen
excess.16

Pathophysiology

The hypothalamic-pituitary-adrenal axis (HPA) regulates cortisol secretion by the adrenal
cortex. The hypothalamus produces corticotrophin releasing hormone (CRH) which
regulates the release of pituitary adrenocorticotropic hormone (ACTH). ACTH subsequently
stimulates the adrenal cortex. Cortisol secretion by the adrenal gland, in turn “feeds back” to
the hypothalamus to regulate CRH and ACTH production. Within the adrenal gland, the
classical pathway begins with conversion of cholesterol to pregnenolone by the P450 side
chain cleavage enzyme, encoded by CYP11A1 (Figure 2). Most steroidogenic enzymes are
cytochrome P450 enzymes. This designation or family name is based on light absorbance at
the 450nm wavelength when reduced with carbon monoxide.’

Steroidogenesis in the adrenal gland is compartmentalized within the 3 zones of the adrenal
cortex: the zona glomerulosa, zona fasciculata, and zona reticularis. In the zona glomerulosa,
pregnenolone is converted to progesterone by 3p-hydroxysteroid dehydrogenase type 2
encoded by HSD3BZ2. Progesterone is converted to dexoxycorticosterone by 21-hydroxylase
encoded by CYP21A2and subsequently to aldosterone by aldosterone synthase encoded by
CYP11B2. Aldosterone secretion is regulated by the renin-angiotensin system and serum
potassium concentrations.

In the zona fasciculata, pregnenolone is hydroxylated by the enzyme 17a-hydroxylase/
17,20-lyase encoded by CYP17A1to 17-hydroxypregnenolone, which is converted to 17-
hydroxyprogesterone (17-OHP) by 3p-hydroxysteroid dehydrogenase type 2. Subsequently,
17-OHP is converted by 21-hydroxylase to 11-deoxycortisol, which is then converted by
11p-hydroxylase to cortisol. In the zona reticularis, the enzyme 17a-hydroxylase/17,20-
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lyase converts 17-hydroxypregnenolone to dehydroepiandrosterone (DHEA), which is
subsequently converted to androstenedione by 3pB-hydroxysteroid dehydrogenase type 2.
DHEA can undergo sulfation by steroid sulfotransferase, SULT2A1, to form DHEAS.

In the virilizing congenital adrenal hyperplasias, impaired cortisol synthesis leads to loss of
cortisol negative feedback inhibition, increased hypothalamic corticotrophin releasing
hormone (CRH), and increased pituitary adrenocorticotropic hormone (ACTH) secretion.
The excessive ACTH secretion results in accumulation of steroid hormone intermediates
proximal to the deficient enzyme and hyperplasia of the zona fasciculata and zona
reticularis. Altered metabolism of these steroid hormone intermediates contributes to the
hyperandrogenic elements associated with these enzyme deficiency disorders.

Decreased 21-hydroxylase enzymatic activity impairs cortisol biosynthesis with consequent
increased 17-hydroxyprogesterone (17-OHP) and progesterone concentrations. The
consequences of cortisol deficiency include poor cardiac function, poor vascular response to
catecholamines, and increased secretion of anti-diuretic hormone.18 Complete loss of
function mutations interfere with aldosterone synthesis leading to hyponatremia due to
impaired urinary sodium reabsorption. The hyponatremia leads to hypovolemia, elevated
plasma renin levels, and, eventually, shock if not promptly recognized and treated. In the
absence of aldosterone, potassium cannot be excreted efficiently resulting in
hyperkalemia.19 The elevated 17-OHP and progesterone concentrations exacerbate the
mineralocorticoid deficiency because both hormones have anti-mineralocorticoid effects
and, in vitro, interfere with aldosterone-mediated mineralocorticoid receptor
transactivation.20 In addition, the lack of prenatal cortisol exposure interferes with
adrenomedullary development and can be associated with epinephrine deficiency and
hypoglycemia.2!

As noted above, in CAH due to 21-hydroxylase deficiency, the concentrations of the
substrates immediately proximal to 21-hydroxylase, progesterone and 17-OHP are elevated.
The phenotypic heterogeneity of CAH is more complex than would be anticipated for an
autosomal recessive disorder in which the expression of the defective protein is limited to
the adrenal cortex. This complexity is likely due to genetic variants at other loci, e,g,
androgen receptor, that influence steroid metabolism and steroid responsiveness. Another
factor influencing clinical features is the increased flux through the alternative or
“backdoor” pathway for steroidogenesis which can exacerbate symptoms associated with
androgen excess because of increased concentrations of DHT and other bioactive C-19
steroids.

In the alternative pathway, 17-OHP is sequentially converted by 5a-reductase and the 3a.-
reductase activities of AKR1C2/4 to generate 5a-pregnane-3a,17a-diol-20-one (pdiol) that
is subsequently converted to dihydrotestosterone (DHT).22 This alternative pathway
bypasses testosterone as an intermediate. Urinary concentrations of metabolites indicative of
increased flux through the alternative pathway are higher in affected individuals, particularly
infants.23 This pathway likely contributes to the androgen excess responsible for prenatal
virilization of affected female fetuses.24
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Under normal circumstances, the direct conversion of 17-OHP to androstenedione is not
significant in humans. Yet, when 17-OHP accumulates in 21-OHD or PORD, it is
metabolized by this alternative pathway.2> Defective 21-OHD also promotes accumulation
of other steroid hormone intermediates such as 21-deoxycortisol and 16a.-
hydroxyprogesterone, 11-ketoandrostenedione, and 11-ketotestosterone.2® It has been
suggested that 11p-hydroxyandrostenedione (11OHAD), 11-ketoandrostenedione (11KAD),
11B-hydroxytestosterone (L1OHT), and 11-ketotestosterone (11KT) are specific markers for
adrenal-derived C-19 bioactive androgen hormones; both 11KT and 110HT are able to
signal through the androgen receptor.27:28

Clinical features by Age

Infants

Classic CAH presents in the neonatal period; the presentations differ depending on the sex
of the affected infant. Diagnosis of salt-losing CAH is a medical emergency because of the
risk for hyponatremia, hyperkalemia, hypotension, and potential fatal outcome within the
first 2-3 weeks of life if not recognized. In addition, the extent of prenatal virilization can
lead to mis-assignment of sex at birth. Hence, a possible diagnosis of 21-OHD needs to be
promptly investigated and verified.

Infant females with classical CAH, either salt-losing or simple virilizing, generally present
in the neonatal period with ambiguous genitalia. In some instances, the diagnosis of genital
ambiguity has been suspected based on prenatal ultrasound findings. For affected female
infants, the external genital findings can range from a nearly male appearance with penile
urethra and bilateral undescended testes to minimal clitoromegaly. The most common
physical findings in affected girls include clitoromegaly, fused rugated labia majora, and a
single perineal orifice. Occasionally, the minimally virilized girl may not be identified until
progressive clitoromegaly prompts a medical evaluation.

Apart from hyperpigmentation, external genital development is normal in affected males.
Whereas girls are usually detected due to genital ambiguity, boys with salt-losing CAH
appear well in the immediate newborn period. Infants with CAH tend to feed poorly and fail
to regain their birthweight. Typically, they develop vomiting, hypotension, hyponatremia,
and hyperkalemia in the first 10-14 days of life. Prior to implementation of newborn
screening, affected boys typically presented with hyponatremic dehydration, hyperkalemia,
and shock. Failure to make a timely diagnosis has led to fatal outcomes for affected males.

Affected 46,XX female infants have normal female internal genitalia. The uterus can be
identified on ultrasound. The ovaries may be too small to be visualized on ultrasound.
Despite excessive prenatal androgen exposure, ovarian position is normal, Mullerian
structures persist, and the Wolffian ducts regress. The Mullerian structures develop normally
as the fallopian tubes, uterus, and upper vagina. Virilized girls may have incomplete
separation of the urethra and vagina resulting in a urogenital sinus and a single perineal
orifice. The location at which the vagina enters the urethra varies from a high subvesical
position to near the perineum. Cystoscopy, genitoscopy/vaginoscopy, perineal ultrasound, or
MR imaging may be needed to accurately define the urogenital anatomy.2°
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Thus, when evaluating an infant with ambiguous genitalia, important features include
symmetry of the external genital structures, presence and location of palpable gonads,
appearance of the phallus including the extent of erectile tissue, genital skin pigmentation,
extent of labioscrotal fusion, location and number of perineal openings, and the presence of
additional anomalies. Importantly, the extent of external genital virilization is a
manifestation of prenatal androgen exposure and degree of androgen sensitivity rather than
chromosomal sex.

Both male and female children with NCAH or simple virilizing CAH can present with
premature development of pubic hair (premature pubarche). Premature pubarche is defined
as the presence of pubic hair, axillary hair, or apocrine odor developing before 8 years in
girls and 9 years in boys. Additional features in children include tall stature, accelerated
linear growth velocity, and advanced skeletal maturation. Clitoromegaly may develop in
girls. Boys manifest phallic enlargement with prepubertal-sized testes. In a multi-center
study of 220 women with NCAH, premature pubarche was the most common presenting
feature in the 25 children less than 10 years of age; premature pubarche occurred in 10.5%
of this group.3? Nevertheless, CAH is an uncommon cause of premature adrenarche.3!
Among children with premature pubarche, the diagnosis of CAH can be suspected when
basal 17-OHP, androstenedione, and testosterone concentrations are elevated and/or bone
age is advanced. 32 Although a cut-point of basal 17-OHP value > 200 ng/dl has been
suggested, some patients with non-classic CAH may be overlooked using this value.2®

Adolescents and Adults

Symptoms of NCAH include hirsutism, irregular menses, chronic anovulation, acne, and
infertility. Hirsutism has been reported to be the most common presenting feature.33:34
These symptoms result in an ascertainment bias favoring diagnosis in affected women. Men
with NCAH are typically identified through family studies. Individuals with NCAH usually
do not have elevated ACTH concentrations. Some individuals demonstrate an exaggerated
ACTH-stimulated glucocorticoid response, possibly reflective of subtle adrenal
hyperplasia.3®

Due to the similar clinical features, it may be difficult to distinguish NCAH from polycystic
ovary syndrome (PCOS).36:37 Women with NCAH tend to have higher 17-OHP and
progesterone concentrations than women with PCOS.38 Insulin resistance, obesity,
polycystic ovary morphology, and elevated LH/FSH ratios tend to be more common among
women with PCOS. However, none of these features clearly differentiate women with
NCAH from those with PCOS.39 Anti-Mullerian hormone concentrations do not
discriminate women with NCAH from those with PCOS.40

Family studies have demonstrated that not all individuals with genotypes consistent with
NCAH develop symptoms of androgen excess. Curiously, a study of 145 probands with
CAH identified 4% of parents as having undiagnosed, also known as cryptic, NCAH.#1
Apart from infertility among the women, these individuals had achieved normal adult
heights and did not report symptoms indicative of episodes of adrenal insufficiency.
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Presenting Clinical Features

Hirsutism

Hirsutism is defined as excessive growth of coarse terminal hairs in androgen-dependent
areas in women. Hirsutism reflects the apparent sensitivity of the pilosebaceous unit/hair
follicle to both circulating androgen and local androgen concentrations. Importantly, the
extent of the hirsutism correlates poorly with circulating androgen concentrations.*2

Hair growth per unit skin area is similar in unselected white and black women. However,
women from several Asian countries have been demonstrated to have less hair per unit skin
area.*3 The modified Ferriman-Gallwey scoring system (FG) provides a semi-subjective
assessment of terminal hair growth in androgen-dependent body regions. This scoring
system assesses hair growth using a scale from 0-4 for nine body regions including
mustache area, chin, upper chest, abdomen (upper and lower), upper back, lower back, upper
arms, and thighs (Figure 3). To define hirsutism, one approach has been to utilize a FG score
above the 95! percentile for the population. Thus, hirsutism can be defined by FG scores >8
in premenopausal adult White and Black women, >9-10 in Mediterranean, Hispanic, and
Middle Eastern women, =2 for Han Chinese women, and =5 in Southern Chinese
women.**4> Nevertheless, modified FG scores > 3 were uncommon among an unselected
group of adult White and Black women.46

Hirsutism needs to be differentiated from hypertrichosis, which is characterized by excessive
generalized hair growth. Familial factors, metabolic disorder, and certain medications, e.g.
phenytoin, minoxidil, diazoxide, cyclosporine, and glucocorticoids, can be associated with
hypertrichosis. Among women with seizure disorders, valproic acid treatment is associated
with development of hyperandrogenism and cystic ovaries; this medication potentiates
androgen biosynthesis in cultured human ovarian theca cells.”:48

Hypothalamic-Pituitary-Ovarian (HPO) Axis

Menstruation, Ovulation, and Reproduction—Oligomenorrhea, chronic anovulation,
and infertility are common presenting complaints for women with NCAH and can occur in
women with classic CAH despite adequate hormone replacement therapy. Women with
CAH can develop a secondary “polycystic ovary syndrome” (PCOS) phenotype. 4° PCOS is
a clinical diagnosis based on oligomenorrhea associated with chronic anovulation, clinical or
biochemical evidence of hyperandrogenism, and polycystic ovary morphology in the
absence of any other disorder associated with androgen excess.>% The similarity in the
features of PCOS and CAH suggest comparable mechanisms contribute to the HPO axis
dysregulation in both disorders. In both disorders, bioactive C-19 androgens and progestins
likely modulate HPO axis function through molecular mechanisms that have not yet been
defined.

To briefly summarize, the hypothalamic GnRH neurons secrete GnRH in a pulsatile manner
to stimulate pituitary LH and FSH secretion. Multiple neuroendocrine and environmental
signals influence the function of the GnRH neurons.®! GnRH pulse frequency is deciphered
by the pituitary to generate preferential LH or FSH secretion. Indeed LH secretion has been
used as a proximate indicator of GnRH pulses. LH and FSH stimulation of pre-ovulatory
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ovarian follicles leads to a steady increase in estradiol concentration. Although molecular
mechanisms for the change in feedback mechanisms are unclear at present, the peri-
ovulatory elevation estradiol concentration triggers the change from negative to positive
estrogen feedback. Positive estrogen feedback then culminates in the LH surge and
ovulation.52 Subsequently, during the luteal phase of the menstrual cycle, progesterone
mediated negative feedback decreases LH pulse frequency favoring FSH synthesis and
perpetuation of menstrual cyclicity.53

Women with CAH can experience HPO axis dysfunction, which resembles PCOS. One
mechanism postulated for the HPO axis dysfunction in CAH is that the excessive in utero
androgen exposure alters imprinting of the neuroendocrine mechanisms that govern
kisspeptin and GnRH neurons.>#:55 The observation that prenatal androgen treatment
recapitulates a PCOS phenotype in non-human primates, sheep, and rodents supports this
hypothesis.>8 Additional studies of women with PCOS may illuminate the interrelationships
between gonadotropin secretion, androgens, ovarian function, and progesterone during
androgen excess. Women with PCOS manifest increased LH concentrations, increased LH
pulse frequency, increased LH pulse amplitude, and increased LH/FSH ratios.>” Additional
data suggesting that androgen excess contributes directly or indirectly to increased LH pulse
frequency is that exogenous testosterone treatment administered during puberty to non-
human primates was associated with increased LH pulse frequency.®® Excessive androgen
concentrations among women with NCAH have been associated with elevated LH
concentrations and increased LH pulse amplitude.5®

In a study of 16 women with classic CAH and 16 controls, Bachelot et al. identified two
distinct patterns of LH secretion. Among women with CAH with appropriate hormone
replacement as indicated by normal 17-OHP and androgen concentrations, LH
concentrations and pulse frequency were similar to the control women. Decreased LH pulse
amplitude and pulse frequency were found among the women with increased 17-OHP,
progesterone, testosterone, and androstenedione concentrations.®? Since progesterone is
known to decrease LH pulse frequency by actions at both the hypothalamus and the
pituitary, the finding of hypothalamic hypogonadism is the context of elevated adrenal
progesterone secretion is not surprising.51:62 Another possible explanation is that the
elevated androgens may increase GnRH pulse frequency to such an extent that the pituitary
is unable to maintain a concordantly elevated pulse frequency.%3

Androgens may also directly affect ovarian function. Elevated androgen concentrations,
whether endogenous as in CAH or exogenous as in testosterone treatment of female to male
transgendered individuals, are associated with development of polycystic ovary
morphology.%46% Androgen actions are mediated by androgen receptors (AR), which are
expressed in the theca cells, granulosa cells, and oocytes.®8 In addition to AR, androgen
actions are mediated by non-genomic pathways. Based on studies using tissue specific
androgen receptor knockout mice, it appears that androgens act through the androgen
receptor to influence follicular growth during multiple stages of follicular development. 87
Whereas androgens promote initial growth of small antral follicles, hyperandrogenism is
associated with follicular arrest and failure to select a dominant follicle.8 Within the ovary,
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androgens may stimulate the extracellular matrix contributing to stromal hyperplasia and
rigidity. Thus, elevated androgens can disrupt the HPO axis at multiple points.59

Acne and Alopecia

Acne can occur among patients with NCAH and is rarely the primary clinical manifestation.
Patients with severe cystic acne refractory to oral antibiotics and retinoic acid treatment
should be evaluated for hyperandrogenism with NCAH being one cause for
hyperandrogenism. Severe androgenic alopecia accompanied by marked virilization in older
previously undiagnosed women has been described.”?

Laboratory Aspects of Diagnosis

Clinicians depend on consistent validated hormone determinations to confirm the diagnosis
of disorder of steroidogenesis. Bioassays were followed by the development of
immunoassays in which small molecules were covalently linked to immunogenic proteins
that elicited antibodies directed to epitopes of the target steroid molecule. However,
immunoassays, particularly free testosterone assays, lack adequate sensitivity to accurately
measure low hormone concentrations. More robust mass spectrometry methods are
increasingly available for commercial use. When performed by skilled personnel, liquid
chromatography/tandem mass spectrometry (LC-MS/MS) provides an automated, or
semiautomated, sensitive, and accurate assay of multiple steroids in small sample volumes.”?
Urine gas chromatography mass spectrometry (GC/MS) is a lower throughput method, but
has played a major role in the discovery of novel compounds and characterization of steroid
pathways. "2

The diagnosis of salt-losing CAH should be considered for infants with ambiguous external
genitalia and bilateral non-palpable gonads or with positive newborn screening test results.
In these situations, electrolyte concentrations, plasma renin activity as well as 17-OHP,
androstenedione, and progesterone determinations should be obtained emergently because of
the high risk for hypotension, weight loss, and fatal outcome during the first 2—-3 weeks of
life for undiagnosed affected infants. An elevated 17-OHP concentration provides
confirmation of the diagnosis of 21-hydroxylase deficiency. Most affected infants have
random 17-OHP values > 5000 ng/dl.”® Chromosome analyses and pelvic ultrasounds are
recommended for virilized female infants to confirm an XX karyotype and the presence of a
uterus.

For children with symptoms suggestive of NCAH, early morning basal 17-OHP values have
been suggested as an effective screening test. Armengaud et al. reported 100% sensitivity
and 99% specificity with a threshold value of 200 ng/dl (6 nmol/L) to diagnose NCAH in
children with premature pubarche.?8 A bone age X-ray (X-ray of left hand) should be
obtained to assess for acceleration of skeletal maturation. Similarly, early morning blood
samples for 17-OHP determinations should be obtained in the follicular phase for
reproductive aged cycling women. In this situation, Escobar-Morreale et al recommended
using a basal 17-OHP of 170 ng/dl (5.1 nmol/L) as the cut-point for women.”4 Changes in
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daily saliva 17-OHP concentrations better reflect ovarian function than adrenal function. 7>
Progestational activity of the corpus luteum may result in false positive results if 17-OHP
concentrations are evaluated in the luteal phase.

Nevertheless, for any age group, an ACTH stimulation test may be warranted to complete
the evaluation for CAH. For an ACTH stimulation test, following collection of a basal blood
sample, 0.25 mg synthetic ACTH (Cortrosyn) is administered by intravenous or
intramuscular routes; a second blood sample is collected at 30 and/or 60 minutes. Either 30
or 60 minute ACTH-stimulated 17-OHP levels can be used; the choice depends on physician
preference. An ACTH-stimulated cortisol response > 18 mcg/dl is considered to indicate
normal HPA axis function.”8:"7 In addition to 17-OHP, cortisol should be measured
especially among individuals with NCAH to assess the adequacy of cortisol secretion. To
differentiate 21-OHD from other disorders of steroidogenesis, determination of
progesterone, 17-hydroxypregnenolone, 11-deoxycortisol, DHEA, deoxycorticosterone, and
androstenedione may be warranted.”®

CAH is an autosomal recessive disorder, which means that mutations should be detected on
both CYP21AZalleles. Based on the evaluation of women with NCAH, CYP21A2
mutations will likely be identified on both alleles when ACTH-stimulated 17-OHP
concentrations are greater than 1500 ng/dl (45 nmol/L). However, some individuals with
diagnostic genotypes have ACTH-stimulated 17-OHP values between 1000-1400 ng/dl (30—
45 nmol/L).” These patients may benefit from additional laboratory evaluation; however
caution should be used due to lack of widespread availability and standardization. The
altered flux in the adrenal steroidogenic pathway leads to elevated 21-deoxycortisol, and
16a.-hydroxyprogesterone concentrations.89 Currently, commercial availability of assays for
these hormones is limited. However, LC-MS/MS determination of these steroids is a
sensitive and specific biomarker that will likely become clinically useful in the future.

Genetic Aspects of Diagnosis

As noted above, the complexity of the CYP21AZ2locus precludes the use of genetic analysis
as the first line diagnostic test. Most patients are compound heterozygotes and carry
different mutations on each allele. In addition, identification of two mutations is not always
diagnostic of CAH because multiple mutations may occur on the same allele (cis).10.81.82
Thus, multiple genetic testing strategies such as PCR-based mutation detection methods,
sequencing, and multiplex ligation-dependent probe amplification may be needed to
accurately segregate the mutations and ascertain RCCX unit copy number in an affected
individual.83 In some instances, it may be necessary to perform genetic analyses on the
parents to segregate the specific maternal and paternal mutations and confirm that mutations
are on opposite alleles (trans). Nevertheless, genetic analysis can be a useful adjunct to
newborn screening.84 Newer technologies, such as preimplantation genetic diagnosis of
embryos conceived through in vitro fertilization or prenatal testing of cell-free DNA, may
offer earlier diagnostic options.8> Reproductive-aged patients with CAH or NCAH should be
offered genetic counseling to consider these options prior to conception.
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Recurrence Risk

The recurrence risk is 25% for each full sibling of the proband because 21-hydroxylase
deficient CAH is an autosomal recessive disorder. Thus, siblings of the proband, especially
those with NCAH, may benefit from diagnostic evaluation. For women with CAH, the risk
of having a child with salt-losing or simple virilizing classical forms of CAH depends on the
mother’s genotype and the probability that the father is a carrier. In the situation of one
parent having CAH, molecular genetic analysis should be offered to the other parent
particularly because available data suggest that that the incidence of CAH is more common
than anticipated likely due to increased prevalence of CYP21A2 mutations in some ethnic
groups.33 Whereas an ACTH-stimulated17-OHP concentration less than 400 mg/dl is
reassuring that the person is not a carrier, molecular genetic testing may be needed to
completely exclude carrier status.86

Newborn Screening

Newborn screening (NBS) for CAH was initiated in late 1970’s using filter paper whole
blood 17-OHP measurements of whole blood 17-OHP.87 All 50 states and many countries
have developed NBS programs.88 The major goal of NBS is to identify infants with salt-
losing and simple virilizing CAH and to prevent mis-identification of affected females. NBS
programs have decreased the morbidity and mortality associated with acute adrenal
insufficiency. The screening algorithm includes collection of heel-stick blood sample onto a
filter paper. Whole blood 17-OHP concentration is typically determined using automated
time-resolved-dissociation-enhanced lanthanide fluoroimmunoassay (DELFIA).

The reported false positive rates for CAH vary from 0.4-9.3%.8% Most false positive
screening results are associated with prematurity, low birthweight, neonatal stress,
methodological, or technical issues. Decreased 11p-hydroxylase activity in the neonate
appears to be another factor contributing to false positive testing.9? In addition, cross-
reactivity with sulfated steroids and 16a-hydroxyprogesterone contributes to false positive
results. To minimize false positive results, blood samples should be collected after 48 hours
of life.%1 Birthweight, gestational age, and collection age cut-points have been developed to
minimize recalls for false positive tests.

False negative 17-OHP results leading to delayed or missed diagnoses have also been
reported for both newborn girls and boys.%2 A false negative rate of 22.4% was reported for
Minnesota.93 Surprisingly. in a series Of 234,793 infants from Wisconsin, 6 of 7 female
infants with false negative NBS results had virilization of their external genitalia.%* Fewer
cases are missed in states in which a second NBS is obtained at approximately 8-14 days of
age.959 Currently, Arizona, California, Delaware, Nevada, New Mexico, Oregon, Texas,
Utah, and Wyoming mandate a second NBS.%7

Treatment

Upon confirming the diagnosis of classical salt-losing or simple virilizing 21-OHD,
glucocorticoid and mineralocorticoid hormone replacement therapies need to be initiated.
Although patients with simple virilizing 21-OHD are not overt salt-losers, they may benefit
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from mineralocorticoid replacement therapy. For patients with NCAH, treatment needs to be
focused on the individual’s symptoms and should not be initiated merely to decrease
abnormally elevated hormone concentrations.?® For children and adolescents, treatment
goals include normal linear growth velocity, normal rate of skeletal maturation,
appropriately timed spontaneous pubertal development, and positive self-esteem. Treatment
goals for adolescents and adult women include normal menstrual cyclicity, fertility, and
prevention of further hirsutism and acne. If possible, care should be provided in a multi-
disciplinary setting.9

Laboratory surveillance includes assessing whether androstenedione and testosterone
concentrations are appropriate for age and gender. The 17-OHP and progesterone
concentrations may be elevated even in the presence of excessive glucocorticoid
administration.1%0 Replacement therapy doses should not be based on 17-OHP
concentrations because normalization of 17-OHP and progesterone concentrations generally
indicates excessive glucocorticoid hormone replacement therapy. Dehydroepiandrosterone
sulfate (DHEAS) concentrations are readily suppressed during treatment and cannot be used
to assess the adequacy of replacement glucocorticoid therapy.101

Hydrocortisone (CortefR) is the preferred glucocorticoid replacement in infants, children,
and adolescents. The usual dosage ranges from 6-15 mg/m?/day generally administered
three times per day. Some clinicians advocate reverse circadian dosing with the highest dose
in the evening. Hydrocortisone dose equivalence greater than 17 mg/mé2/day during
childhood was associated with greater compromise of adult height.192 Prednisone and
dexamethasone have longer half-lives such that less frequent dosing is needed; these
medications may be considered for use in the adult patient. Some adult patients are well
controlled on combinations of hydrocortisone and small doses of prednisone or
dexamethasone at bedtime.103

Mineralocorticoid replacement involves treatment with 9a-fludrocortisone acetate; the goal
is to achieve plasma renin activity that is within normal limits for age. Due to their salt-poor
diet, transient pseudo-hypoaldosteronism, and immature kidneys, infants typically require
higher mineralocorticoid replacement doses during the first few months of life. Some infants
may require additional salt supplementation. Monitoring of blood pressure to avoid
hypertension and plasma renin activity are useful parameters to assess the adequacy of
mineralocorticoid replacement therapy.

Stress dosing is necessary for significant illnesses, surgery, or life-threatening stress.
Tripling the usual daily dose is the semi-arbitrary guideline for stress dosing. If the
individual is unable to take or tolerate oral medications, parental hydrocortisone should be
administered as follows: < 12 months of age, 25 mg; 1-4 years of age, 50 mg; > 4 years of
age, 100 mg. The duration of action of IM parental hydrocortisone is approximately 4-6
hours. Typically, patients can tolerate subsequent oral doses. However, all patients require
individualized therapy and some may require intravenous fluids. Stress dosing (triple dose)
is often maintained for the duration of the acute illness. When the patient improves, doubling
of the usual dose is generally done for one day before resumption of the patient’s usual
glucocorticoid dosage regimen.
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All individuals on glucocorticoid treatment require instruction regarding stress doses,
administration of parental hydrocortisone, and should wear medical alert identification
badges/jewelry. To assure patient safety and well-being, current recommendations are to
provide glucocorticoid stress dose treatment to all with ACTH-stimulated cortisol responses
< 18 mcg/dl during times of physiologic stress.194 Decisions regarding daily glucocorticoid
replacement therapy when ACTH-stimulated cortisol response is < 18mcg/dl must be
individualized based on symptoms of androgen excess and glucocorticoid deficiency.

Treatment of CAH is often challenging because of the difficulties inherent in balancing
overtreatment and undertreatment. Parameters that influence optimal dosing include
variation in absorption from the gastrointestinal tract, corticosteroid binding globulin (CBG)
concentrations, and cortisol half-life in the circulation.105 For this reason, novel therapies are
being explored. One approach has been the development of a time released glucocorticoid
preparation, ChronoCort.196 Continuous glucocorticoid replacement using a subcutaneous
pump has been tried.197 Abiraterone acetate which inhibits CYP17A1 has been used in
conjunction with simultaneous glucocorticoid and mineralocorticoid replacement therapy.108
Treatment of CAH may become increasingly problematic during adolescence due to
increased cortisol clearance, decreased serum cortisol half-life, and increased CBG
concentrations,109.110

Anti-androgens, e.g. flutamide, cyproterone acetate, or finasteride, may be considered for
women complaining of excessive unwanted hair growth or androgenic alopecia.
Nevertheless, precautions should be taken due to the potential for severe adverse events
associated with anti-androgen therapies. Patients with a history of hepatic disease or
glucose-6-phosphate dehydrogenase (G6PD) deficiency should avoid use of flutamide due to
concerns for hepatic failure and hemolytic anemia, respectively. In addition, use of anti-
androgen therapies during pregnancy can lead to undervirilization of male fetuses.

Transition to Adult Care

Although transition can be compared to “graduation” from pediatrics to adult care, transition
from pediatric to adult care involves a multi-step process.103 This process requires
communication, education, and cooperation among patient, family members, and health care
providers. Potential obstacles and challenges include the patient’s comprehension of the
pathophysiology of CAH, continued access to experienced health care providers, the
patient’s willingness and ability to assume responsibility for self-care, and the parents’
cooperation to empower the patient to make independent decisions. Unfortunately, some
patients may have accumulated negative experiences due to multiple genital examinations,
inadequate knowledge about CAH, and stigmatization regarding their disorder; these
patients may find it difficult to trust health care professionals.111:112

The process of transition begins during adolescence several years before the actual shift in
health care situations occurs. During these years, adolescents tend to show increased risk
taking behaviors characterized by a sense of invincibility, difficulty recognizing the
consequences of their actions, experimentation with sex and recreational drugs, and poor
adherences to recommended treatment regimens. Problem-solving discussions between the
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patient and the health care provider to identify creative solutions to improve adherence to the
recommended regimen may be invaluable. As part of the transition process, the healthcare
providers can address relevant concerns for the future. These concerns include appropriate
individualized hormone replacement therapy, potential anatomic concerns for girls with
CAH, initial evaluation for testicular adrenal rest tumors (TARTS) in boys with CAH, and
the plan for the transition process.113 Systems issues such as inadequate health insurance
coverage and incomplete communication between health care providers can complicate the
transition process.

Throughout childhood, children and adolescents with CAH may have relied on their parents
for decision-making during these developmental stages. The emerging adult with CAH
needs to understand the pathophysiology of CAH including the rationale for hormone
replacement therapy, genetic inheritance, fertility, sexuality, and possible long-term health
consequences such as osteopenia. Provision of a checklist listing self-care milestones and a
portal summary of the individual’s medical record can help the adolescent assume
responsibility for his/her medical care (Table 1).

The majority of women with CAH report heterosexual preferences. Although the exact
frequency is unclear, up to 25% of women with CAH report homosexual inclinations when
surveyed.114 Adult women with CAH manifest increased gender-atypical behavior regarding
their choices for professional occupations, sporting interests, and spare time activities. The
extent of the gender-atypical behavior was correlated with the severity of the CYP21A2
genotype. Additional potential consequences of prenatal androgen exposure on the
developing female brain are being explored.115 These data affirm prenatal androgen
organizational effects of on brain development.116

Sexual debut tends to occur at older ages for girls with CAH.117 For women with classical
CAH, additional issues related to sexual experiences and sexual activity include small
vaginal introitus, lack of lubrication, pain with penetration, lack of clitoral sensitivity, and
anxieties about sexual performance and genital appearance.?9118 |n one series, women with
CAH reported later sexual debut, fewer pregnancies and children, and increased incidence of
homosexuality which were related to type of surgical correction and the severity of their
mutations.119 Medical secrecy, embarrassment about atypical genital appearance, and
confusion regarding genital appearance and concepts regarding gender identity further
confound patient-physician conversations.

Infant girls with genital ambiguity may undergo feminizing genitoplasty surgery during the
first year of life. To reduce scarring, this operation is preferably performed in the first few
months when the infant’s skin is still estrogenized.120 Feminizing genitoplasty involves
opening the vaginal introitus, bringing the urethral meatus closer to the perineum, and
reducing the size of an enlarged clitoris. A major surgical objective is to preserve the glans
and neurovascular bundle to minimize loss of sensation. Additional goals of surgery include
allowing for menstrual flow, enabling tampon use and vaginal intercourse, and preventing
urinary tract infections.12! Surgical techniques have changed over the years. The specific
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procedure utilized for vaginoplasty depends on the point of entry of the vagina into the
urogenital sinus and extent of virilization. For some girls, a second stage vaginoplasty
operation during adolescence or vaginal dilation may be beneficial.

Several reports regarding XX individuals raised as males have indicated well-established
male gender identities and gender role. With parental support and appropriate endocrine
management, outcomes have been positive.122

Contraception, Fertility and Pregnancy

In addition to concerns regarding sexuality, women with CAH and NCAH may experience
difficulty in achieving pregnancy.123 Similarly, irregular menses and anovulatory cycles may
lead female patients to infer that contraception is unnecessary. Thus reproductive counseling
should include discussion regarding goals for family planning. Although anovulatory cycles
will not result in conception, female patients with CAH and NCAH are indeed fertile and
should be offered contraception if sexually active without a desire to conceive. Persistent
anovulatory cyles may be managed with combined oral contraceptives or long-active
hormonal contraception such as an progestin-only intrauterine device or implant.

In the past, infertility was the anticipated outcome for women with classic CAH.124
Improved pregnancy rates have been reported, but factors contributing to the lack of
fecundity include vaginal stenosis with dyspareunia, impaired sensation, poor self-esteem,
chronic anovulation, disinterest having children, and elevated progesterone
concentrations.12°

Fertility issues in CAH are not limited to females. Fertility may also be compromised in
affected men because of TARTS. In addition, elevated adrenal C-19 bioactive steroid
concentrations can lead to hypogonadotropic hypogonadism. Both TARTS and hypothalamic
hypogonadism can lead to oligospermia.126 Testis-sparing surgery may decrease the size of
the TART, but may not restore fertility.127

Excessive circulating androgen and progestin concentrations can affect HPO axis function
and uterine receptivity. As noted above, elevated androgen concentrations may influence
neuroendocrine regulation of GnRH and LH secretion. Elevated progesterone concentrations
do not directly impact oocytes. Rather, elevated progesterone concentrations affect the
quality of cervical mucus, decrease sperm penetration, accelerate endometrial maturation,
diminish endometrial receptivity, and impair implantation.128 Adequate suppression of
progesterone (< 60 ng/dl) and plasma renin activity appears to be important for ovulation,
endometrial proliferation, and implantation for both classic and NCAH. With optimization
of glucocorticoid and mineralocorticoid regimens, fewer patients with CAH require
ovulation induction. Prior to the diagnosis of NCAH, the risk for early pregnancy loss is
higher. Two studies of women with NCAH demonstrated decreased number of spontaneous
miscarriages in women after diagnosis of NCAH and with use of glucocorticoid replacement
therapy.33.34

Prior to pregnancy, women should be offered partner testing and genetic counseling
regarding risk for offspring. Once pregnancy is achieved, women with CAH warrant
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individualized care through joint management with endocrinologists and obstetricians.
Women with CAH should be treated with steroids inactivated by the placenta to prevent fetal
glucocorticoid exposure; doses may need to be increased slightly during pregnancy. The goal
should be to maintain testosterone and androstenedione concentrations in the range found in
normal pregnancies. Since gestational diabetes may be more frequent among pregnant
women with CAH, blood glucose should be monitored. For women who have undergone
feminizing genitoplasty, delivery by Caesarean section is preferable for most women. Stress
dose glucocorticoids should be started at the onset of labor and continued until after
delivery.129

Prenatal Dexamethasone Treatment

Prenatal dexamethasone treatment has been used in the past to prevent or ameliorate the
genital virilization of female infants with classical CAH, with the goal of reducing the need
for feminizing genital reconstructive surgery.130 Under normal circumstances, the human
fetal adrenal cortex does not synthesize significant quantities of cortisol during early
pregnancy.13! The fetus is protected from maternal glucocorticoids by placental expression
of the 11B-hydroxysteroid dehydrogenase type 2 (HSD11B2) enzyme that inactivates
maternal cortisol by converting it to inactive cortisone. In addition, the placenta expresses
aromatase, which converts androgens to estrogens to minimize fetal exposure to maternal
androgens.132 In one series early administration of dexamethasone reduced virilization
scores however, the treatment is not without fetal risk.133

Because fetal genital virilization begins 6—7 weeks after conception, treatment must be
started as soon as the woman knows she is pregnant. Hence, for prenatal dexamethasone to
be efficacious, all pregnancies deemed to be at risk for virilizing CAH need to be treated,
even though only 1 in 8 fetuses is predicted to be an affected female with CAH. As
dexamethasone is about 50-80 times more potent than cortisol (hydrocortisone) and can
cross the placenta, infants treated with prenatal dexamethasone receive approximately 60
times the usual, physiologic glucocorticoid exposure.

It has been suggested that the use of maternal cell-free DNA to identify the SRY gene
accompanied by sequencing of the CYP21A2 gene will identify affected females and limit
exposure of unaffected and male fetuses.134 However, the use of maternal cell-free DNA is
limited due to the possibility for false negative/positive results and the need for a quick turn-
around time. Chorionic villus sampling and amniocentesis may be pursued in the first and
second trimester, respectively. Another option is preimplantation genetic diagnosis (PGD),
which allows selection of unaffected embryos. PGD requires genetic screening of parents to
identify specific mutations for probe design. It also requires in vitro fertilization (IVF) for
embryo development. PGD is rarely covered by health insurance and may be cost-
prohibitive for most couples. 135

Although prenatal dexamethasone appears to decrease virilization of the female fetus,
birthweights of treated infants are lower than control infants.136 Outcome studies in humans
have demonstrated structural changes in the brain. Specifically, prenatal glucocorticoid
exposure has been associated with cortical thinning in the rostral anterior cingulate cortex
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and neuropsychiatric changes.137:138 Using standardized neuropsychological tests and
questionnaires, early prenatal dexamethasone treatment of pregnancies at risk for CAH was
demonstrated to negatively impact cognitive functions of the healthy unaffected girls who
not benefit from this treatment.23% Animal and /n vitro studies raise additional safety
concerns regarding prenatal dexamethasone exposure.40 Glucocorticoids influence normal
neuronal development because of their role in terminal maturation and cell survival. Prenatal
dexamethasone treatment of primary murine fetal neural stem/progenitor cell (NSPC)
cultures alters the developmental trajectory of the developing neural tissue.141

Available data regarding clinical outcome studies and using animal models raise significant
concern about the use of prenatal dexamethasone treatment and urge that it not be used
except in research studies under the guidance of the appropriate Institutional Review
Board, 140,142

Outcome Data and Potential Sequelae Associated with CAH

With improvements in treatment, more children with CAH are transitioning to adulthood.
Available outcome studies are disappointing, but it must be remembered that the standard
management for CAH was different 20-40 years ago. Many patients appear to be lost to
follow-up medical care. Outcome studies from the UK and the USA have reported that
obesity, adverse metabolic profile, and osteopenia were common.143.144 There are no
apparent correlations between genotype and outcome.14° Short stature, metabolic syndrome,
hypertension and adverse cardiovascular risk have been inconsistently noted,146:147.148 o
single center French study also reported that overweight/obesity, abnormal bone mineral
density, irregular menses, hirsutism, adrenal hyperplasia/adrenal nodules, and testicular
adrenal rest tumors were common in their adult patients with CAH; with the exception of
TARTS, the undesirable outcomes were associated with inadequate disease control as
assessed by longitudinal hormone determinations.14® A Swedish cohort study reported that
psychiatric diagnoses and substance abuse were more common among women with CAH
compared to controls. The reasons for this disparity await clarification.150

Precocious Puberty

Precocious puberty, both GnRH-independent and GnRH-dependent have been described in
association with CAH. In patients with CAH, peripheral elevations of androgens may result
in early development of apocrine body odor, pubic hair, axillary hair, and acne. Skeletal
maturation is a particular challenge as excess androgens may result in advanced bone age;
patients with extremely advanced skeletal maturation, i.e. greater than 2 SD advanced, may
benefit from hydrocortisone treatment.

A complication of delayed diagnosis and treatment of CAH with corticosteroids includes
development GnRH-dependent precocious puberty. Although the underlying etiology is
unclear, this premature activation of the GnRH pulse generate has also been associated with
advanced skeletal maturation. Some children with secondary GnRH-dependent precocious
puberty may benefit from treatment with leuprolide acetate or histrelin to suppress
gonadotropin secretion, 151,152,153
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Bone Health

Chronic use of glucocorticoids has deleterious effects on bone health.154 Due to the
requirement for chronic glucocorticoid replacement therapy, individuals with CAH
experience a greater risk for decreased bone mineral density. Bone is comprised of three cell
types: osteoblasts, osteocytes, and osteoclasts. Glucocorticoids influence all three cell types.
Glucocorticoids decrease the number of osteoblasts by decreasing replication of osteoblastic
precursors, redirecting differentiation of bone marrow stem cells to adipocyte cell lineages,
and enhancing apoptosis. Glucocorticoids suppress the canonical Wnt-g-catenin signaling
pathway and inhibit osteoblast differentiation by repressing bone morphogenetic protein 2.
Glucocorticoids appear to interfere with the biomechanical functions of osteocytes and
promote increased bone resorption by osteoclasts.15® Falhammar et al. reported decreased
bone mineral density in adult men with CAH compared to age-matched controls.156

Since DXA is based on a two-dimensional technique, interpretation of areal (grams per
square centimeter) bone mineral density assessed by DXA scan can be confounded by bone
width and height. Areal BMD assessment appears to provide better correlation with age than
the more traditional volumetric density (grams per cubic centimeter).15” Thus, DXA can
underestimate bone mineral density in shorter individuals. Available data, derived from
outcome reports for individuals with classical CAH, are inconsistent due to varying
glucocorticoid doses, potential compliance issues, and subject heterogeneity. The most
recent Endocrine Society Guidelines do not recommend routine DXA scans.142

Adrenomedullary Function

Glucocorticoids help organize adrenal medullary development during fetal life and induce
the enzyme, phenylethanolamine N-methyltransferase, which catalyzes the conversion of
norepinephrine to epinephrine in the adrenal medulla. Adrenal medullary hypoplasia,
impaired epinephrine secretion, and hypoglycemia have been reported among individuals
with classical CAH.21.158

Gonadal Rest Tumors

Gonadal adrenal rest tumors, predominantly TARTSs occur in up to half of men. These
tumors arise from adrenal cells that descend with the testes during fetal testicular
development. TARTS are not malignant, but can compress the rete testis and seminiferous
tubules resulting in testicular atrophy and obstructive azoospermia. Ultrasound and MRI are
helpful to detect TARTS especially because small lesions (< 2 ¢cm) are generally not
palpable. TARTs may develop during childhood and adolescence and have rarely been
described in men with nonclassic CAH. 159:160 Although TARTS have been attributed to
poor adherence to glucocorticoid replacement therapy, pathogenesis of TARTS may be more
complicated.181 Periodic screening for TARTS is recommended to start during in
adolescence. Ovarian adrenal rest tumors (OARTS) have been infrequently reported in
affected women.162

Adrenal Myelolipomas

Adrenal myelolipomas are rare, but may develop in patients with CAH poorly adherent with
steroidal treatment. Presenting features may include diffuse abdominal pain, nausea, and
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vomiting. 163 Adrenal myelolipomas consist of myeloid, erythroid, and megakaryocytic cell
lines and appear as hyperechoic masses on ultrasound and fat containing masses on CT scan.
MRI signal characteristics depend on the composition of the lesion. Typically, these lesions
are benign and contain hematopoietic tissue; larger lesions are at risk for hemorrhage or
rupture. The masses may become quite large and require surgical excision due to space-
occupying concerns.

Other Defects in Steroidogenesis

Oxidoreductase Deficiency

This flavoprotein serves as a mandatory electron donor for several steroidogenic enzymes
including 7a-hydroxylase (CYP17ALl), 21-hydroxylase (CYP21A2), and also P450
aromatase (CYP19A1). However, activities of these steroidogenic enzymes may be
differentially affected by specific POR mutations.164 Generally, affected infants present in
the newborn period. Clinical features include ambiguous genitalia, adrenal insufficiency, and
skeletal anomalies. Affected females may develop large ovarian cysts prone to spontaneous
rupture.165 The skeletal malformations include craniosynostosis, midface hypoplasia, and
phalangeal anomalies. The skeletal malformations have been attributed to defective
cholesterol biosynthesis due to effects of cytochrome P450 oxidoreductase (POR) gene
mutations on cholesterol biosynthetic enzymes.166 Unlike 21-hydroxylase deficiency, post-
natal virilization does not occur in this disorder. Rarely, females may present with
infertility.167 Mineralocorticoid secretion is typically normal. Diagnosis can be made on
ACTH stimulation tests with measurements of serum progesterone, 17-
hydroxypregnenolone, 17-OHP, cortisol, DHEA, and androstenedione or urine
metabolites.168:169 The need for glucocorticoid replacement varies depending on ACTH-
stimulated cortisol response.

3pB-Hydroxysteroid Dehydrogenase/lsomerase Type 2 Deficiency

This disorder of steroidogenesis is due to mutations in the 3B-hydroxysteroid
dehydrogenase/isomerase type 2 (HSD3B2) gene. Mutations in this gene affect both
mineralocorticoid and glucocorticoid pathways by decreasing conversion of pregnenolone to
progesterone and 17-hydroxypregnenolone to 17-OHP, respectively.17 Mutations in the
gene also interfere with steroid flux to androgens leading to testosterone deficiency with
undervirilization of affected male infants. Yet, affected female infants can be mildly virilized
due to the actions of the homologous HSD3B1 protein.

11p-Hydroxylase Deficiency

This disorder of steroidogenesis is due to mutations in the 11p-hydroxylase gene encoded by
CYP11B1. This enzyme deficiency impairs the conversion of 11-deoxycortisol to cortisol.
Similar to 21-hydroxylase deficiency, the loss of negative feedback inhibition leads to
increased production of bioactive adrenal C-19 steroid precursors. Due to increased
deoxycorticosterone, these patients are frequently hypertensive and may have hypokalemia.
Nonclassic forms have been described associated with androgen excess, premature
pubarche, and hypertension. Timely diagnosis is helpful to minimize the co-morbidities
associated with hypertension and androgen excess.1’1
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Lipoid Congenital Adrenal Hyperplasia

This disorder is associated with mutations in the steroidogenic acute regulatory protein
(StAR) gene. No adrenal or gonadal steroids can be synthesized. This disorder is
characterized by massive lipid accumulation in the adrenal cortex. Affected females may
experience thelarche and, possibly, menarche because the ovaries may retain sufficient
steroid production capacity to allow for some estrogen biosynthesis at the time of puberty.
Affected males are undervirilized. Both sexes typically present with life-threatening adrenal
insufficiency in the newborn period. With ovulation induction and progesterone support,
pregnancy can be achieved.172 Milder variants have been reported.173

Cholesterol Desmolase Deficiency

Initially, mutations in the cholesterol desmolase (CYP11A1) gene were considered to be
incompatible with life due to decreased progesterone synthesis. The phenotype resembles
congenital lipoid adrenal hyperplasia without the massively enlarged adrenal glands. Milder
variants have been described.174

17a-Hydroxylase/17,20-Lyase Deficiency

This disorder is associated with mutations in the 17a-hydroxylase/17,20-lyase (CYP17A1)
gene and leads to impaired glucocorticoid and sex steroid biosynthesis. These patients
typically present with hypogonadism, hypertension, and hypokalemia. Basal LH and
progesterone concentrations may be elevated.17®

Future Directions

Evolving technologies offer the opportunity for prenatal and even preconception diagnosis
of CAH. Although early diagnosis may be helpful for counseling of parents, with increasing
awareness of the potential consequences of prenatal androgen exposure, continued
discussions regarding gender of rearing for severely virilized females is warranted.
Similarly, further studies regarding sexuality and quality of life measures are warranted for
this population. Most importantly, novel therapeutic modalities such as modified release
hydrocortisone preparation may provide better quality of life for patients with CAH.176
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RP1 C4A TNXA RP2 C4B TNXB

Figure 1.
Cartoon of RCCX unit gene. Flanking genes, CYP21A2 and CYP21A1Pare located in the

class Il region of the MHC on chromosome 6p21.3. RP1 encodes a nuclear threonine/serine
protein kinase. C4A (Rodgers blood group) and C4B (Chido blood group) encode functional
complement 4. TAXB encodes tenascin, an extracellular protein. 7AXA is the deleted form

of TNXB and encodes a pseudogene. RPZ2is the truncated form of RP1.
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Figure 2.
Pathways of steroid hormone synthesis. Key: StAR, steroidogeneic acute regulatory protein;

CYP11A1, cholesterol desmolase; CYP21A2, 21-hydroxylase; HSD3B2, 33-hydroxysteroid
dehydrogenase; CYP11B1, 11p-hydroxylase; CYP11B2, aldosterone synthase; CYP17A1,
17a-hydroxyase/17,20-lyase; P450, P450 oxidoreductase; AKR1C3, 17p-hydroxysteroid
dehydrogenase type 5; SULT2A1, steroid sulfotransferase 2A1; DOC, 11-
deoxycorticosterone; 110HAD, 11-hydroxyandrostenedione; Adiol, 5-androstendiol;
11KAD, 11-ketoandrostenedione; 110HT, 11-hydroxytestosterone; 11KT, 11-
ketotestosterone.
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Modified Ferriman-Gallwey Scoring System. This semi-objective scoring system is based on
observation of nine body areas including upper lip, chin, chest, arm, upper abdomen, lower

abdomen, upper back, lower back, and thighs. The areas are scored from 1 (minimal

terminal hairs present) to 4 (equivalent to a hairy man). If no terminal hairs are noted in the
specific body area being examined the score is zero. Clinically terminal hair hairs can be
distinguished from vellus hairs primarily by their length (i.e. greater than 0.5 cm) and the

fact that they are usually pigmented (reprinted with kind permission of Ricardo Azziz,

copyright 1997)
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Table 1

Checklist for transitionl””

Ability to describe and discuss disorder (knowledge)
Awareness of implications of disorder on overall health
Comprehension on sexuality and reproductive health
- Fertility/infertility aspects
- Genetic counseling, if relevant
- Risk for STDs
Responsibility for own healthcare
- Knowledge of meds, doses, etc
- Able to order refills and schedule appointments
- Know when to seek emergency healthcare
- Understand medical insurance coverage
Able to function independently
Ownership of personal medical information (folder, EMR)

Expresses readiness for transition
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