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Congenital adrenal hyperplasia (CAH) — one of the most com-
mon autosomal recessive disorders — is potentially life-threatening in its 
classic (severe) form and may be asymptomatic or cause female infertility 

in its nonclassic (mild) form. The most common type of CAH is 21-hydroxylase 
deficiency1; for the remainder of this review, CAH indicates CAH due to 21-hydroxy-
lase deficiency.

CAH is a disease of multiple hormonal imbalances. Mutations in CYP21A2 (the gene 
encoding 21-hydroxylase, a cytochrome P-450 enzyme) result in lack of 21-hydroxy-
lase, which is required for the production of cortisol and aldosterone in the adrenal 
cortex. A deficiency of this enzyme has cascading effects. Reduced cortisol leads 
to overproduction of pituitary corticotropin, which stimulates the accumulation of 
cortisol precursors and their subsequent diversion through the steroid pathways 
that produce adrenal androgens. Today, the classic form is the most common cause 
of atypical genitalia in 46,XX newborns and of primary adrenal insufficiency during 
childhood.2,3

A continuum of disease phenotypes generally correlates with CYP21A2 genotypes 
and the expected residual 21-hydroxylase activity with each genotype.1,4 Hormonally 
based, lifesaving neonatal screening for the classic form began in 1977 in Alaska 
and is now in place in all 50 states in the United States and in more than 40 coun-
tries.5,6 On the basis of data from millions of newborns screened worldwide, clas-
sic CAH occurs in 1 in 10,000 to 1 in 20,000 live births.7,8 Nonclassic CAH was 
first identified in 1957 by French biochemist Jacques Decourt and colleagues,9 and 
two decades later, studies of relatives of patients with classic CAH10 revealed that 
some people with biochemical and genetic nonclassic CAH are asymptomatic and 
do not require therapy. Nonclassic CAH is common worldwide, with an estimated 
prevalence ranging from 1 case per 200 persons to 1 case per 1000 persons.11

Unlike the therapeutic approaches to other forms of adrenal insufficiency, thera-
peutic goals in CAH are twofold: first, to replace deficient hormones, and second, 
to reduce excessive androgen levels. Although the overwhelming majority of patients 
with CAH survive the disease, thanks to advances in genetics, metabolomics, and 
treatment strategies, existing therapies have failed to prevent multiple coexisting 
conditions, and deaths due to adrenal crisis still occur. This review summarizes the 
genetic and pathophysiological features of CAH, as well as current views regarding 
the diagnosis, treatment, and management of severe and mild forms of the disease.

Gene tic Fe at ur es

CYP21A2 maps to chromosome 6 (6p21.3), which is within the major histocompat-
ibility complex at a locus of low copy repeats and includes active genes and pseu-
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dogenes (Fig. 1A). More than 200 CYP21A2 muta-
tions are known; however, most mutations involve 
10 deleterious sequences derived from the non-
functional CYP21A1P and generated through mis-
alignment and gene conversion during meiosis of 
homologous genes.7,14 Approximately 20 to 30% 
of CYP21A2 classic mutations are 30-kb deletions, 
usually associated with a null mutation.15,16 How-
ever, the junction sites can be clinically relevant, 
in that approximately 3% of deletions retain par-
tial 21-hydroxylase activity because of the location 
of the junction sites and are associated with a 
milder phenotype17 (Fig. 1B). Most affected persons 
are compound heterozygotes with different mu-
tations on each allele and a phenotype correspond-
ing to the milder gene defect.

Approximately 10% of patients with CAH have 
CAH-X syndrome, which is characterized by fea-
tures of CAH combined with features of the hy-
permobility-type Ehlers–Danlos syndrome and is 
due to a contiguous gene deletion that disrupts 
both CYP21A2 and TNXB, diagnosed by genotyp-
ing.18-20 TNXB encodes tenascin X, a large extra-
cellular matrix protein that participates in colla-
gen deposition.21 The majority of CAH-X syndrome 
alleles are due to the monoallelic presence of a 
nonfunctional TNXA/TNXB chimeric gene; biallelic 
inheritance results in more severe symptomatol-
ogy.12 The clinical phenotype of CAH-X includes 
joint hypermobility, arthralgias, joint dislocations, 
hernias, and midline defects that can include car-
diac structural abnormalities.12,20

Steroid hormone measurements are the stan-
dard for diagnosing CAH. Genotyping is not used 
as a first-line diagnostic test because of the com-
plexity of the CYP21A2 locus. Gene duplications 
and deletions, the CYP21A1P pseudogene, and 
multiple mutations in some alleles make it diffi-
cult to distinguish affected patients from carriers, 
and parental genotyping is often needed to con-
firm the genotype.

S teroid o genesis

In the adrenal cortex, the fate of nascent preg nen-
olone derives from the relative expression of down-
stream enzymes (Fig. 2). Without 21-hydroxylase, 
cortisol precursors are shunted to produce an-
drogen precursors.23 Some 17-hydroxyprogesterone 
is metabolized to 21-deoxycortisol, which unlike 
17-hydroxyprogesterone, is not produced in the 
gonads and is uniquely adrenal-derived. Hence, 

21-deoxycortisol is a more specific biomarker of 
21-hydroxylase deficiency than is 17-hydroxypro-
gesterone and has been incorporated into some 
newborn screening protocols.24 Furthermore, an-
drostenedione is an excellent substrate for 
11-hydroxylase, which yields 11β-hydroxy andro-
stenedione, the most abundant androgen precur-
sor in nearly all patients with 21-hydroxylase 
deficiency.22 Extraadrenal metabolism converts 
11β-hydroxyandrostenedione to the androgen 
11-ketotestosterone,22 which is a potent agonist of 
the androgen receptor25 (Fig. 2). For additional in-
formation, see the Supplementary Appendix, avail-
able with the full text of this article at NEJM.org.

Clinic a l Pr esen tation  
a nd Di agnosis

The clinical presentation of CAH is classified as 
classic or nonclassic (Fig. 1C). The subdivision of 
classic CAH into salt-wasting and simple-viriliz-
ing forms, which is based on the capacity of the 
adrenal to produce small amounts of aldosterone 
in the simple-virilizing form, has fallen out of favor 
because all patients lose salt to some degree.26 
Clinical presentations overlap,13 and this subtyp-
ing is often not clinically meaningful.

Infancy

Most cases of CAH in infants are first detected 
by means of newborn screening, which has re-
duced morbidity and mortality and has led to 
less severe hyponatremia and shorter hospital-
izations at diagnosis.27,28 Protocols for detection 
vary but are mostly based on the presence of 
elevated 17-hydroxyprogesterone levels on im-
munoassay. However, 17-hydroxyprogesterone 
levels can also be elevated in healthy neonates 
during the first 1 to 2 days of life and in prema-
ture and ill neonates, posing a diagnostic chal-
lenge. False positive results due to physiological 
increases can often be identified through adjust-
ment for gestational age, with or without con-
sideration of birth weight.5,29 The use of second-
tier screening by means of liquid chromatography 
with tandem mass spectrometry,30 measurement 
of 21-deoxycortisol,24 or genetic testing31 has been 
shown to improve accuracy.

The diagnosis of CAH is based on a 17-hydroxy-
progesterone level above 1000 ng per deciliter, 
but most affected infants have levels well above 
5000 ng per deciliter. Although random steroid 
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Figure 1. Genetic Features of Congenital Adrenal Hyperplasia Due to 21-Hydroxylase Deficiency (CAH).

In Panel A, the gene encoding 21-hydroxylase, CYP21A2, is arranged in tandem with a highly homologous CYP21A1P pseu-
dogene, the complement component 4 genes (C4A and C4B), the tenascin X active gene (TNXB) and a truncated pseudo-
gene (TNXA), and the serine–threonine nuclear protein kinase active gene (RP1 [synonym, STK19]) and a truncated pseudo-
gene (RP2 [synonym, STK19P]). Arrows indicate transcriptional orientation. In Panel B, the orange X and the blue X denote 
unequal crossover between an active gene and a pseudogene during meiosis, which results in a 30-kb deletion and the for-
mation of nonfunctional chimeric genes (CYP21A1P/CYP21A2 or TNXA/TNXB). Approximately 20 to 30% of CYP21A2 muta-
tions are 30-kb deletions, and most of the nine CYP21A1P/CYP21A2 chimeras encode null alleles; the exceptions are CH-4 
and CH-9, which retain partial 21-hydroxylase activity because of the location of the junction sites upstream of In2G. The 
three types of TNXA/TNXB chimeras disrupt both CYP21A2 and TNXB, and patients with one chimeric allele have hypermo-
bility-type Ehlers–Danlos syndrome, called CAH-X syndrome.12 In Panel C, the common mutations are shown in relation to 
the phenotypic spectrum, ranging from complete loss to about 30% of 21-hydroxylase activity. The correlation between gen-
otype and phenotype for severe mutations (0 to 1% activity) is strong, and greater phenotypic variability is observed among 
intermediate and less-severe genotypes.13
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measurements may be informative, a corticotropin 
stimulation test is recommended to confirm the 
diagnosis and rule out more rare disorders of 
steroidogenesis.6,7 Elevation of 17-hydroxypro-
gesterone levels may occur with 11β-hydroxylase 
deficiency but also with 3β-hydroxysteroid dehy-
drogenase deficiency and cytochrome P-450 oxi-
doreductase deficiency; the forms are distinguished 
by measuring several steroids with corticotropin 
stimulation testing (Table 1).7

The clinical presentation differs according to 
sex (Table 1). In classic CAH, high levels of adre-
nal-derived androgens affect the development of 
the external genitalia in 46,XX fetuses, beginning 
in the first trimester. Clitoral enlargement, par-
tially fused labia majora, and a urogenital sinus in 
place of separate urethral and vaginal openings are 
commonly found. The uterus, fallopian tubes, and 
ovaries are formed normally. Excess adrenal andro-
gens do not affect 46,XY sexual differentiation.

Figure 2. Pathways of Steroid Biosynthesis in the Adrenal Cortex.

All steroid synthesis starts with the conversion of cholesterol to pregnenolone through the cholesterol side-chain 
cleavage enzyme (CYP11A1). The 3β-hydroxysteroid dehydrogenase type 2 enzyme (3βHSD2) converts pregneno-
lone, 17-hydroxypregnenolone (17-OH-pregnenolone), and dehydroepiandrosterone (DHEA) to progesterone, 
17-hydroxyprogesterone (17-OHP), and androstenedione, respectively. In the zona glomerulosa, 21-hydroxylase 
(CYP21A2) converts progesterone to 11-deoxycorticosterone, and aldosterone synthase (CYP11B2) catalyzes the 
three oxygenations required to convert 11-deoxycorticosterone to aldosterone. The adjacent zona fasciculata ex-
presses the enzymes required for the orchestration of efficient cortisol production, including 17α-hydroxylase–
17,20-lyase (CYP17A1, an enzyme with dual activities), which converts progesterone to 17-OHP. Ordinarily, 17-OHP 
is an excellent substrate for CYP21A2, yielding 11-deoxycortisol, and 11β-hydroxylase (CYP11B1) catalyzes the final 
oxygenation reaction to yield cortisol. Some of the 17-OHP that accumulates in 21-hydroxylase deficiency is con-
verted through CYP11B1 to 21-deoxycortisol. In the inner zona reticularis, cytochrome b5 activates the 17,20-lyase 
activity of CYP17A1 and allows DHEA synthesis, and the sulfotransferase SULT2A1 sulfonates DHEA to DHEA 
sulfate (DHEAS). Deficient CYP21A2 activity shunts cortisol precursors to androstenedione, and the adrenal pro-
duces some testosterone through AKR1C3. Much of the androstenedione is metabolized through CYP11B1 to 
11β-hydroxy androstenedione, which is converted primarily in peripheral tissues to 11-ketoandrostenedione through 
11β-hydroxy  steroid dehydrogenase type 2 (11βHSD2) and then to 11-ketotestosterone. These major adrenal-
derived androgens and precursors in patients with CAH are shown,22 with 21-deoxycortisol, in the shaded area.
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Approximately 75% of infants with classic CAH 
have a salt-wasting adrenal crisis within the first 
3 weeks after birth that is life-threatening if the 
disorder is not diagnosed and treated. In the most 
severe form, lack of in utero production of corti-
sol affects the development of the adrenal me-
dulla, resulting in epinephrine deficiency.32 The 
combination of cortisol, epinephrine, and aldo-
sterone deficiencies results in hypovolemia, hypo-
natremia, and hyperkalemia, which, if undiag-
nosed, lead to eventual shock and hypoglycemia. 
Given these problems, the diagnosis of CAH 
should be considered in infants who present with 
poor weight gain, poor feeding, and dehydration 
with hyponatremia and hyperkalemia.

Childhood

In approximately 25% of patients with classic 
CAH, aldosterone production is sufficient to 
maintain sodium balance in early childhood. In 
the absence of newborn screening, affected chil-
dren will present with signs of androgen excess, 
such as pubic hair and accelerated linear growth 
velocity, typically before the age of 4 years,33 and 
girls may have clitoromegaly or a urogenital sinus 
that was not noticed earlier in life.

The diagnostic criterion for classic CAH in 
childhood is the same as the criterion in infancy. 
A basal or corticotropin-stimulated 17-hydroxy-
progesterone level above 1000 ng per deciliter 
establishes the diagnosis. Children with nonclas-
sic CAH may have evidence of androgen excess 
at various ages, but they are older and less symp-
tomatic than children with classic CAH present-
ing beyond the neonatal period, and girls have 
normal genitalia.

Adolescence and Adulthood

The mild hyperandrogenism associated with non-
classic CAH can develop in adolescence or adult-
hood in affected females but is asymptomatic in 
postpubertal males. Symptoms may include hir-
sutism, acne, menstrual dysfunction, subfertility, 
and recurrent miscarriages, but there may be no 
symptoms at all. The clinical features are diffi-
cult to differentiate from the more common 
polycystic ovary syndrome, and steroid testing is 
needed to establish the diagnosis. Measurement 
of 17-hydroxyprogesterone levels may be performed 
in the morning of the menstrual follicular phase 
to reduce the possibility of false positive results7; 

however, a corticotropin stimulation test is usu-
ally required to establish the diagnosis.

Implic ations of A dv er se 
Ou t comes on Clinic a l Pr ac tice

Most of the adverse outcomes in patients with 
classic CAH are attributable to cortisol deficiency 
and the challenge of replacing glucocorticoids in 
order to suppress the corticotropin-driven andro-
gen excess adequately while avoiding excessive 
glucocorticoid exposure. Adverse outcomes may 
occur throughout the patient’s lifetime because 
of the multitude of hormonal imbalances (Fig. 3).

Adrenal Crisis and Increased Mortality

Despite the reduction in infant mortality as a result 
of neonatal screening for CAH,34 patients of all 
ages are at risk for death from adrenal crises, 
which are most often triggered by infectious ill-
nesses. Adrenal crisis was reported as the lead-
ing cause of death in 588 patients with CAH in 
a Swedish nationwide study,35 and in a retrospec-
tive, matched-cohort study in the United Kingdom, 
all-cause mortality rates were more than 5 times 
as high among patients with CAH as among con-
trols.36 Gastrointestinal illnesses are a common 
precipitant of adrenal crises throughout life in 
patients with CAH.37,38 Life-threatening hypogly-
cemia, sometimes with seizures but rarely re-
ported to result in permanent neurologic se-
quelae, can occur with adrenal crisis, especially 
in children.38 Rapid clinical deterioration and 
adverse outcomes are related more to hypoglyce-
mia than to electrolyte disturbances.39,40 Accord-
ingly, stress dosing during illness should include 
increases in the dose of glucocorticoids and in 
the frequency of administration, with frequent in-
take of simple and complex carbohydrates (Ta-
ble 1).38 Although patients with nonclassic CAH 
commonly have mild but clinically silent cortisol 
impairment,41 adrenal crisis in nonclassic CAH 
has been reported only in the context of gluco-
corticoid therapy, as a result of secondary iatro-
genic suppression of the hypothalamic–pituitary–
adrenal axis.38

Genital Atypia

The common practice of performing genital sur-
gery in the first year of life for atypical genitalia 
in infants with 46,XX CAH has become increas-
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ingly controversial. Vaginoplasty and urogenital 
sinus division allow for intromission and the po-
tential for fertility, but concerns have emerged 
regarding sexual-function outcomes and consid-

eration of a possible male sexual identity, espe-
cially in fully virilized 46,XX infants.42 The clini-
cal practice guideline from the Endocrine Society 
and a European expert consensus statement rec-

Figure 3. Disease-Related and Treatment-Related Features of CAH.

Disease-related manifestations are shown in blue, treatment-related manifestations are shown in red, and clinical manifestations related 
to both the disease and the treatment are shown in brown. CAH-X syndrome is characterized by features of CAH combined with fea-
tures of the hypermobility-type Ehlers–Danlos syndrome.
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ommend that parents be informed about surgical 
options, including delayed surgery and observa-
tion until the child is older and can participate 
in decision making.7,43 If surgery is deferred, an 
examination to determine whether the anatomy 
allows for adequate menstrual flow is needed 
before puberty for female patients. Testosterone 
therapy would be indicated for pubertal induc-
tion if an affected girl has a male sexual identity. 
Prenatal dexamethasone treatment reduces viril-
ization of the external genitalia in 46,XX-affected 
fetuses, but it is no longer recommended because 
of unknown safety and potential effects on the 
developing fetal brain.7 Long-term data on out-
comes in persons who have undergone surgery 
and those who have not are needed.

Impaired Growth and Development

Short stature in adulthood is a consequence of 
both hyperandrogenism and glucocorticoid treat-
ment in patients with CAH. Long-term glucocor-
ticoid administration suppresses growth, and 
elevated circulating levels of adrenal sex steroids 
accelerate skeletal maturation and may trigger 
an early onset of central puberty. A meta-analysis 
of studies involving patients treated for CAH 
showed a mean adult height score of −1.4 SD 
(10 cm) below the population mean.44 The meta-
analysis also showed that mineralocorticoid use 
during childhood was associated with increased 
height as compared with no mineralocorticoid 
use, since mineralocorticoid replacement ensures 
euvolemia, which diminishes corticotropin stim-
ulation and subsequent adrenal androgen synthe-
sis. The growth-suppressing effect of glucocorti-
coids is especially apparent during infancy and 
puberty, and doses exceeding 15 to 20 mg per 
square meter of body-surface area per day dur-
ing these developmental periods decrease final 
adult height.45,46 Patients with nonclassic CAH may 
also have compromised adult height, but the 
deficit is less severe than in patients with the clas-
sic form.33 Although long-acting glucocorticoids 
are effective in suppressing adrenal androgens, 
these drugs are more likely than short-acting hy-
drocortisone to impede growth velocity and are not 
recommended for long-term treatment in children.

Psychological Aspects and Brain Effects

Data on the psychological aspects and brain ef-
fects of CAH are limited. Altered fetal and post-
natal exposure to androgens and glucocorticoids 

in patients with CAH influences brain develop-
ment and function, possibly affecting mental 
health. Registry and cohort studies have shown 
a higher prevalence of anxiety, depression, al-
cohol misuse, personality disorders, and suicid-
ality among male patients and adjustment dis-
orders among female patients with classic CAH 
than among controls.36,47,48 Substance abuse and 
attention deficit–hyperactivity disorder have been 
reported among some women with the most se-
vere null genotype47 and among some boys and 
men who receive a diagnosis after the neonatal 
period.48,49 As compared with unaffected girls, 
those with classic CAH have been reported to 
have more aggressive behavior50 but improved 
spatial navigation abilities,51 and patterns of 
amygdala activation differ between affected 
and unaffected girls.52

Glucocorticoid therapy in CAH has been re-
ported to affect working memory and result in 
brain changes, including white-matter hyperin-
tensities that suggest a reduction in the structural 
integrity of white matter.53 Cognitive impairment, 
if present, has sometimes been thought to be 
related to hypoglycemia and salt loss at the ini-
tial presentation.54

Sexual orientation in women with CAH has 
been reported to correlate with androgen expo-
sure, with the prevalence of a female sexual 
orientation ranging from approximately 5 to 15% 
among affected women.55 Avoidance of romantic 
relationships is common. Although hormonal 
influences may contribute to such behavior, wom-
en with classic CAH have reported stigma in 
reaction to atypical genital and nongenital sexu-
al characteristics of CAH, contributing to avoid-
ance of intimacy.56

The reported quality of life for patients with 
CAH varies, possibly because of differences in 
health care provision and treatment regimens 
among countries; in addition, increased impair-
ment in the quality of life has been observed in 
patients with the more severe forms of CAH.7,57 
Challenges allegedly vary according to sex, but 
all patients are subject to the emotional stress of 
living with a chronic disease, and many have 
weight and height disturbances and are at risk for 
infertility.

Patients with nonclassic CAH have less pro-
nounced hormonal disturbances and have not 
been extensively studied. However, alterations in 
the hypothalamic–pituitary–adrenal axis are pres-
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ent even in this mild form of the disease and 
might contribute to psychiatric vulnerability.

Subfertility

The challenges to conception that women with 
classic CAH face include anatomical impedi-
ments, hormonal disturbances, and psychologi-
cal effects of the condition. Labioscrotal fusion 
and the presence of a urogenital sinus preclude 
vaginal intercourse unless reconstructive surgery 
is performed, and subsequent vaginal stenosis 
may cause dyspareunia.58 Although elevated ad-
renal-derived androgen levels, oligo-ovulation or 
anovulation, and secondary polycystic ovaries can 
impair fertility, the greatest hormonal obstacle to 
fertility is elevated production of adrenal-derived 
progesterone. Progesterone accumulation up-
stream of 17-hydroxyprogesterone during the fol-
licular phase thins the endometrial lining and 
alters cervical mucous in a manner similar to the 
action of progestin contraceptives and also leads 
to oligomenorrhea or amenorrhea. Strict hor-
monal control for conception can require gluco-
corticoid intensification beyond that which would 
otherwise constitute adequate control.59

Preconception genetic counseling is advised, 
since the carrier frequency for a classic CAH allele 
is about 1 in 60. Consequently, without partner 
genotyping, the risk of having a child affected 
with classic CAH is 1 in 120. The majority of 
people who receive a diagnosis of nonclassic CAH 
carry a mutation associated with the classic form. 
Theoretically, the chance that a patient with non-
classic CAH will have a child with classic CAH is 
1 in 250, but this risk was reported to be 1 to 2% 
in two large cohort studies.60,61

Nonclassic CAH is sometimes diagnosed dur-
ing an evaluation for oligomenorrhea or amenor-
rhea and infertility. However, an estimated 90% 
of women with nonclassic CAH never receive a 
diagnosis. Once they start trying to conceive, 
roughly 83% of women with known nonclassic 
CAH become pregnant within 1 year, with or 
without glucocorticoid therapy. Such women 
have consistently been found to be at increased 
risk for miscarriage. In two large retrospective 
studies, the miscarriage risk was about 25% with-
out therapy and less than 10% with hydrocorti-
sone treatment.60,61

Many men with classic CAH have oligospermia 
or azoospermia for at least two reasons. First, 
elevated adrenal-derived androgen levels provide 

negative feedback to the hypothalamic–pituitary–
testicular axis, suppress both gonadotropin se-
cretion and testosterone synthesis from Leydig 
cells, and prevent spermatogenesis. Second, tes-
ticular adrenal rest tumors (TARTs) develop in 
30 to 50% of adolescent boys and men with clas-
sic CAH, particularly after periods of poor control 
or nonadherence to treatment.33 TARTs are usu-
ally bilateral and arise from the rete testis. The 
tumors are easily identified with ultrasonogra-
phy, which should be performed on completion 
of puberty in boys with classic CAH. TARTs can 
cause irreversible damage to the Sertoli cells and 
developing germ cells. The presence of a TART 
and elevated follicle-stimulating hormone levels 
are poor prognostic factors for male fertility.62 If 
a TART is identified, ultrasound examinations 
should be performed at least annually, depending 
on the size of the tumor, laboratory and physical 
examination findings, and the patient’s wishes 
with respect to the pursuit of fertility. Chronic 
loss of negative feedback and elevated cortico-
tropin levels can lead to adrenal enlargement, 
nodule formation, and zonal disruption. Serum 
11-oxyandrogen levels correlate directly with 
adrenal size and the presence or absence of a 
TART, demonstrating their use as biomarkers of 
long-term disease control.63

Adrenal myelolipomas, which are commonly 
bilateral though asymmetric, are also character-
istic tumors in patients with classic CAH, but 
the pathogenesis of these tumors is unknown.64 
Although benign and not steroid-producing, ad-
renal myelolipomas tend to grow to massive size, 
even if glucocorticoid treatment is intensified, 
and may require surgical removal because of 
mass effects.

In women with classic CAH, adrenal rest tu-
mors can develop in the ovaries or adjacent 
uterine ligaments. These tumors are not usually 
identified by means of conventional imaging.

Coexisting Metabolic Conditions

In patients with classic CAH, the development of 
metabolic consequences from chronic exposure 
to supraphysiologic glucocorticoid therapy is 
likely, yet the anabolic actions of androgens may 
mitigate some of the effects of glucocorticoids. 
A meta-analysis of 20 studies that focused on 
cardiovascular risk factors in glucocorticoid-
treated patients with CAH identified small in-
creases in carotid intima–media thickness and 
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insulin resistance, as compared with healthy con-
trols, as well as a higher prevalence of hyperten-
sion, hyperlipidemia, atrial fibrillation, venous 
thromboembolism, obesity, and diabetes.65 Be-
cause most patients studied are less than 50 years 
of age, data on cardiovascular events are insuf-
ficient to ascribe risk. Nevertheless, a Swedish 
national cohort study showed an increased inci-
dence of cardiovascular and metabolic disorders 
among adults with classic CAH.66 Furthermore, 
women with classic CAH, as compared with age-
matched controls, have been reported to have an 
increased risk of gestational diabetes, which is a 
known risk factor for the subsequent develop-
ment of diabetes.67 The Endocrine Society clinical 
practice guideline recommends early attention to 
cardiometabolic risk factors and counseling about 
healthy lifestyle choices.7

 M a nagemen t

Throughout the life span, the primary goal of 
therapy for each patient is to replace the adrenal 
insufficiency of CAH in order to maintain normal 
plasma volume and physiological balance. Thus, 
patients should be provided with detailed infor-
mation about stress glucocorticoid dosing, med-
ical alert identification, and emergency use of 
hydrocortisone injection. In children with CAH, 
an additional major goal of therapy is to sup-
press adrenal-derived androgen production suf-
ficiently to allow for normal growth and devel-
opment and achievement of normal adult height.

During the transition to care in adulthood, 
after linear growth has stopped, control of adre-
nal-derived androgen excess is often relaxed 
somewhat in order to limit exposure to prolonged 
glucocorticoid excess, since approximately 40% 
of adults with CAH are reported to have osteo-
penia.33,68 Additional goals of care in adulthood 
are preservation of fertility and monitoring for 
long-term consequences of glucocorticoid therapy. 
Divided doses of hydrocortisone may be continued 
indefinitely or changed to a single dose of lon-
ger-acting synthetic glucocorticoid to increase 
adherence, but the latter is associated with a 
greater risk of iatrogenic Cushing’s syndrome. 
When potent synthetic glucocorticoids are used, 
the dose should be carefully adjusted to provide 
the minimum amount required in order to achieve 
the desired control rather than arbitrarily deter-
mined according to available tablet sizes.

Figure 4. New Therapies for CAH.

New therapeutic approaches target various aspects of the pathophysiol-
ogy of CAH. Circadian cortisol replacement through the use of a modi-
fied-release glucocorticoid or subcutaneous hydrocortisone infusion is 
intended to control corticotropin-driven hyperandrogenism by replacing 
cortisol in a physiologic manner.70,71 Other approaches to reducing an-
drogen production without the need for long-term supraphysiologic glu-
cocorticoid exposure include administration of corticotropin-releasing 
factor receptor 1 antagonists, corticotropin antibodies, corticotropin re-
ceptor (melanocortin 2 receptor [MC2R]) antagonists, or adrenolytic 
agents; adrenalectomy; and pharmacologic inhibition of steroidogenic 
enzymes or steroid receptors in the adrenal or peripheral tissues.72-76

Since CAH is a monogenic disorder, gene therapy with cell-based and 
gene-editing technologies may restore defective steroidogenesis (see ad-
ditional information in the Supplementary Appendix). CRH denotes cor-
ticotropin-releasing hormone (sometimes referred to as corticotropin-
releasing factor [CRF]).
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For women with nonclassic CAH, an oral 
contraceptive pill and spironolactone or cyprot-
erone acetate, if available, are alternatives to 
glucocorticoids for managing hirsutism, acne, or 
both resulting from androgen excess. For men 
with nonclassic CAH, there is no medical indica-
tion for glucocorticoids except in the rare case 
in which the phenotype straddles the classic–
nonclassic boundary, with a risk of infertility. 
Consequently, for boys, treatment is tapered in 
childhood and discontinued during adolescence.

When a woman with classic CAH attempts to 
conceive, adrenal-derived progesterone must be 
suppressed, with a goal of less than 0.6 ng per 
milliliter (2.0 nmol per liter). Dexamethasone is 
contraindicated during pregnancy because it is 
not metabolized by the placenta and therefore 
reaches the fetus. Treatment with hydrocorti-
sone, prednisolone, or both, administered in 
two or three divided doses, was associated with 
successful pregnancies in 21 women with classic 
CAH, often with the use of 1 to 2 mg of pred-
nisolone at bedtime.59 For women with nonclas-
sic CAH, treatment with 15 to 20 mg of hydro-
cortisone daily, started before conception and 
continued until term, is empirically associated 
with reduced rates of miscarriage.61

Men and adolescent boys with TARTs require 
glucocorticoid dosage intensification to achieve 
tumor shrinkage; however, TARTs develop fi-
brotic elements over time, which do not regress 
in response to glucocorticoids. Dexamethasone, 
administered twice daily, is often necessary to 
achieve the degree of corticotropin suppression 
necessary to shrink TARTs, relieve gonadotropin 
suppression, and allow recovery of testicular 
function and spermatogenesis. Large, confluent 

TARTs can be removed surgically, which will also 
eliminate the associated mass effect, but testicu-
lar testosterone and sperm production rarely re-
turn to normal levels.69

W h at Lies A he a d

Given the adverse consequences of chronic sup-
raphysiologic glucocorticoid exposure, several al-
ternative treatments based on the pathophysiolo-
gy of CAH can be proposed, including diurnal 
cortisol replacement70,71 and drugs that lower an-
drogen levels and allow reduced glucocorticoid 
dosing (Fig. 4, with additional details provided 
in the Supplementary Appendix).72-76 Some of 
these concepts have been tested in small trials, 
but none are currently approved by the Food and 
Drug Administration.

Conclusions

CAH is a complex and often life-threatening dis-
ease with a multitude of hormonal imbalances 
that can result in disease- and treatment-related 
adverse outcomes. Decades of progress have ex-
panded our understanding of the pathophysiol-
ogy, genetics, and manifestations of the disease, 
but additional advances are needed to improve 
therapy and outcomes.
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