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Congenital adrenal hyperplasia (CAH) describes a group of autosomal recessive disorders where
there is impairment of cortisol biosynthesis. CAH due to 21-hydroxylase deficiency accounts for
95% of cases and shows a wide range of clinical severity. Treatment of the classic or severe form
of CAH is targeted at replacing cortisol and aldosterone and effectively controlling excess
androgen symptoms by using the lowest possible glucocorticoid dose. Treatment of the mild or
nonclassic form is targeted at controlling excess androgen symptoms and may or may not involve
glucocorticoid therapy. Hydrocortisone is the treatment of choice for children, but there is no
consensus on how patients should be treated as adults. Current glucocorticoid therapy is sub-
optimal because it is often difficult to reduce excess androgen without giving excess glucocor-
ticoid, and patients may experience hypercortisolism, androgen excess, or a combination of these
states. Treatment of CAH, especially in the adult patient, remains controversial given the lack of
prospective randomized controlled trials comparing treatment regimens. Nevertheless, patients
benefit from careful individualized therapy with avoidance of Cushingoid side effects and optimi-
zation of reproductive, sexual, and bone health. (J Clin Endocrinol Metab 93: 653–660, 2008)

The Case

An 18-yr-old female with classic 21-hydroxylase defi-
ciency has achieved her adult height. She was born with

ambiguous genitalia. She was diagnosed with 21-hydroxylase
deficiency based on a 17-OH-progesterone level of 16,000
ng/dl (483 nmol/liter) at 3 d old and was started on hydro-
cortisone, fludrocortisone, and salt. Genital surgery was per-
formed at 6 months old. At approximately 2 yr old, she was
taken off salt supplementation. She has always been on hy-
drocortisone thrice daily and fludrocortisone once or twice
daily. She had three salt-losing adrenal crises during the first
3 yr of life, and all were associated with febrile illnesses. She
had menarche at age 14 yr and has irregular menses. She has
no other medical conditions. Her height is 159 cm (25th per-
centile), weight is 83 kg (95th percentile), with a body mass
index (BMI) of 32.8 kg/m2. Her mid-parental height is 168 cm
(75th percentile). She will be starting college soon. Her current
treatment regimen is 10 mg hydrocortisone first thing in the
morning, 5 mg at 1500 h, and 15 mg at 2200 h (15.8 mg/m2�d)
and 50 �g fludrocortisone in the morning and 50 �g at 2200 h.

Laboratory evaluation was performed at 0800 h before taking
morning medication with the following results: 17-hy-
droxyprogesterone, 1150 ng/dl (34.7 nmol/liter) (�285 ng/
dl); androstenedione, 225 ng/dl (7.9 nmol/liter) (30 –200 ng/
dl); plasma renin activity, 2.0 ng/ml�h (0.2– 4.5 ng/ml�h).
Pelvic ultrasound was normal.

Background

This young woman has the most severe form of congenital ad-
renal hyperplasia (CAH), classic salt-losing 21-hydroxylase de-
ficiency. CAH describes a group of autosomal recessive disorders
where there is impairment of cortisol biosynthesis. 21-Hydrox-
ylase deficiency accounts for 95% of cases, and the discussion
here will be restricted to 21-hydroxylase deficiency. In CAH,
there is a wide range of clinical severity (1). In general, there is
high concordance between genotype and phenotype where phe-
notype corresponds to the degree of 21-hydroxylase impairment
caused by CYP21A2 mutations (2–5). In the most severe form,
concomitant aldosterone deficiency leads to salt loss. The clinical
phenotype is typically classified as classic salt-losing (most se-
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vere), classic non-salt-losing (simple-virilizing), or nonclassic
(mild or late-onset). Females with classic CAH, whether salt-
losing or non-salt-losing, present at birth with ambiguous gen-
italia due to in utero exposure to excess fetal adrenal androgens,
and CAH is the most common cause of ambiguous genitalia.
Males with classic CAH do not have abnormalities at birth.
Thus, the age at diagnosis in untreated boys varies according to
the severity of 21-hydroxylase impairment and the extent of al-
dosterone deficiency. Neonatal screening programs for classic
CAH are common practice in the United States and many other
countries; this has led to earlier diagnosis of the affected male.
The overall worldwide incidence of classic CAH is one in 15,000
live births of which two thirds are salt-losers (6).

Nonclassic CAH is a mild form of the disease. Although the
same gene, CYP21A2, is involved in both the severe and mild
forms, genetic mutations typically associated with nonclassic
CAH only partially impair 21-hydroxylase activity. Thus, pa-
tients with nonclassic CAH do not have cortisol deficiency but
instead have manifestations of hyperandrogenism, later in child-
hood or in early adulthood. Females are born with normal gen-
italia, and some patients with nonclassic CAH have no apparent
clinical symptoms. Treatment is indicated for females with signs
of virilization and for children who have early onset of disease
and rapid progression of skeletal age (7).

Clinical Considerations

Our patient’s history is typical of a classic CAH female. She was
born with ambiguous genitalia and had vaginoplasty and clitoral
reduction in infancy. She has experienced adrenal crises with
febrile illnesses. She has been followed by a pediatric endocri-
nologist, and her treatment has been directed toward optimizing
growth and pubertal development. She has reached a normal
adult height but is shorter than her expected height based on
parental stature. She has irregular menses with a BMI of 32.8
kg/m2. Now that she has achieved adult height, treatment should
be focused on optimizing fertility and quality of life and mini-
mizing the side effects of glucocorticoid therapy.

In approaching this patient, I would be thinking about the
most convenient way to administer glucocorticoid replacement
with the least amount of adverse side effects and optimizing her
reproductive, sexual, and bone health.

Glucocorticoid Replacement

In the treatment of classic CAH, glucocorticoid is given in doses
sufficient to suppress adrenal androgen secretion without total
suppression of the hypothalamic-pituitary-adrenal axis. At phys-
iological doses, hydrocortisone prevents adrenal insufficiency
but does not suppress corticotrophin and androgen production.
Thus, it is sometimes quite difficult to reduce excess androgen
without giving excess glucocorticoid, and patients often experi-
ence hypercortisolism, androgen excess, or a combination of
these states (Fig. 1).

It is generally accepted by pediatricians that hydrocortisone is
the first line of treatment, and The Lawson Wilkins Pediatric
Endocrine Society and the European Society for Pediatric Endo-
crinology have stated that the optimal glucocorticoid dosing for
children is hydrocortisone 10–15 mg/m2�d divided three times
daily (7). However, hydrocortisone twice daily is sometimes used
(8). Longer-acting glucocorticoids are generally avoided in chil-
dren because of potential growth suppression (9), but this re-
quires further study.

Suboptimal management of CAH with current regimens may
be due to the nonphysiological timing of glucocorticoid replace-
ment. There is a circadian rhythm in cortisol and 17-hy-
droxyprogesterone release; concentrations are low at night, be-
gin to rise at 0200 h, peak in the early morning around 0800 h,
and then decrease throughout the day (10). No current glucocor-
ticoid therapy is able to simulate the normal cortisol circadian
rhythm, and there is no consensus on how to divide the glu-
cocorticoid dosing. In a pharmacokinetic study of the interrela-
tion between cortisol and 17-hydroxyprogesterone in 36 CAH
patients, the authors suggest that hydrocortisone should be given
with the largest dose in the morning (11). The National Institutes
of Health experience is that optimal control of adrenal andro-
gens is achieved by giving the largest glucocorticoid dose at bed-
time or to use a reverse circadian pattern of glucocorticoid re-
placement in an attempt to suppress nighttime corticotrophin
secretion, and this was used in our patient. Similarly, other cen-
ters have claimed to achieve optimal CAH control by giving the
largest glucocorticoid fraction at bedtime (12). Nighttime glu-
cocorticoid also has been recommended for nonclassic CAH
(13). There have been no randomized clinical trials comparing
different regimens.

For adults, clinicians may use hydrocortisone, prednisone,
prednisolone, dexamethasone, or a combination of treatments.
Long-acting glucocorticoids are preferable because they are ef-
fective given once or twice daily (Fig. 2). I typically use dexa-
methasone given once daily at night (250–500 �g/d; most com-
mon dose is 375 �g/d). However, a glucocorticoid that is
inactivated by placental 11�-hydroxysteroid dehydrogenase
type II (hydrocortisone, prednisone, and prednisilone) should be
used in the sexually active female who is not on an oral contra-
ceptive. Practice varies worldwide. In a survey in the United
Kingdom of 30 teaching centers (14), practitioners used a variety
of different regimens to treat CAH adults; hydrocortisone was
the most common, followed by dexamethasone and then pred-
nisolone. Sixty percent of practitioners used a reverse circadian
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FIG. 1. Clinical management of CAH is often a balancing act between two
undesirable states: hyperandrogenism and hypercortisolism. If glucocorticoid is
administered so as to achieve physiological replacement or prevent adrenal
insufficiency, excess adrenal androgen remains. If glucocorticoid is increased to
maximize suppression of excess adrenal androgen production, iatrogenic
hypercortisolism will occur.
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pattern of glucocorticoid administration, whereas 16% used a
dose based on weight or surface area. Patient-related factors
often determine the specific regimen.

When glucocorticoid therapy is indicated for nonclassic
CAH, the same principal applies; the goal is to effectively control
excess androgen symptoms by using the lowest possible glu-
cocorticoid dose. Treatment is indicated for children who have
early signs of hyperandrogenism and rapid progression of skel-
etal age and for females with virilization (7). Adult males do not
require treatment, and adult females can often be treated with an
oral contraceptive and antiandrogen (13) (Fig. 2). The risk of
adrenal rest in patients with nonclassic CAH is unknown but is
thought to be quite low, and prevention of adrenal rest is not an
indication for treatment of the nonclassic patient.

Mineralocorticoid Replacement

Fludrocortisone is given to the classic CAH patient to maintain
normal electrolyte and plasma renin activity. The use of fludro-
cortisone in simple-virilizing CAH is recommended and allows
management with lower doses of glucocorticoid (7), but fludro-
cortisone is not indicated in the treatment of nonclassic CAH.
The same daily dose of fludrocortisone given twice daily is more
effective than once daily; thus, splitting the dose is the equivalent
of a dose increase (personal experience). This should be consid-
ered for classic patients. Fludrocortisone has some glucocorti-
coid activity. Overtreatment should be avoided and may result in
hypertension. Salt-losing patients may benefit from supplemen-
tal salt intake when greater salt loss is expected, such as with
exposure to hot weather or intense exercise.

Laboratory Evaluation

Levels of 17-hydroxyprogesterone, androstenedione, and
plasma renin activity are used to evaluate adequacy of therapy in

conjunction with clinical signs and symptoms of over- or under-
treatment. In general, 17-hydroxyprogesterone should not be
normalized because of risk of iatrogenic Cushing syndrome,
whereas androstenedione and plasma renin activity are main-
tained within a range appropriate for a patient’s age and sex.
Adrenal androgen concentrations later in the day and after med-
ication will be lower, and target levels for hormones measured in
this manner are unknown; thus, hormones are best measured
early in the morning and before medication. The target 17-hy-
droxyprogesterone range suggested for children with CAH is
400-1200 ng/dl (12–36 nmol/liter) (1). Target hormone levels for
adults are similar but should be individualized. For example, the
young adult female interested in fertility should be maintained at
a lower 17-hydroxyprogesterone (�800 ng/dl; 24.2 nmol/liter),
whereas the adult male with no evidence of testicular adrenal rest
by ultrasound could be maintained at a higher 17-hydroxypro-
gesterone (�2500 ng/dl; 75.5 nmol/liter). Clinical factors dictate
individual management.

Fertility in CAH

Women with CAH have reduced fertility, especially those with
salt-losing CAH (15–17). There are several potential causes. Hy-
perandrogenemia due to inadequate glucocorticoid therapy re-
sults in anovulation (15). Abnormal gonadotropin dynamics
with excess ovarian production of progesterone, 17-hy-
droxyprogesterone, and androgens may occur (18, 19) In utero
exposure to excess androgens might have long-term effects on
the function of the hypothalamic-pituitary-ovarian axis; this has
been shown in animal studies (20). In addition to hormonal fac-
tors, structural factors related to genital malformations or sub-
optimal surgical reconstruction may leave the vaginal introitus
inadequate and may contribute to impaired self-image and de-
creased sexual activity (21, 22). In a recent study of 35 classic
CAH women, 18 had experienced pain with vaginal penetration,
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FIG. 2. Algorithm outlining the clinical considerations of patients with CAH. GC, Glucocorticoid; OC, oral contraceptive. 1 Long-acting glucocorticoid is preferred, but
hydrocortisone should be considered and might be the drug of choice in the older adult when fertility is no longer desired. 2 Dexamethasone should not be used in the
sexually active female without concomitant use of oral contraceptive. 3 Genetic counseling should include information regarding maternal dexamethasone for the fetus
at risk for classic CAH.
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and by questionnaire, overall sexual function was decreased
compared with controls (21). Counseling regarding sexual func-
tion should be part of the anticipatory guidance of classic CAH
females. Genital examination with attention to the adequacy of
the vaginal introitus should be performed at an appropriate time
for the patient. Vaginal dilatation is sometimes indicated.

Another adverse medical condition associated with CAH is
the development of ectopic adrenal tissue or adrenal rest. Adre-
nal rest grows in response to corticotrophin, and clinically sig-
nificant adrenal rest is most commonly found in untreated or
poorly controlled classic CAH. Adrenal rest is most commonly
found in the testes but has been described in the celiac plexus,
broad ligaments, and ovaries (23, 24). Testicular adrenal rest has
been characterized, and these hypoechoic lesions can be easily
detected by ultrasound or magnetic resonance imaging (23, 25).
Most adult CAH men are fertile, but testicular adrenal rest may
result in oligoazoospermia or Leydig cell failure (26), and higher-
dose glucocorticoid therapy may reverse infertility (27). At least
one third of classic CAH males have sonographic evidence of
testicular adrenal rest (23, 26); the prevalence in women is un-
known, and the prevalence in nonclassic CAH is unknown.
Ovarian adrenal rest is difficult to visualize; hypoechoic lesions
are difficult to distinguish from normal (or polycystic) ovarian
tissue. A screening testicular ultrasonography is recommended in
males in adolescence or early adulthood (25). A screening pelvic
ultrasound is not routinely needed for women but may be useful
in the evaluation of menstrual disorders.

Ultrasonic evidence of polycystic ovaries has been studied in
CAH. The largest study of 77 female CAH patients (36 adults)
found polycystic ovaries in 74% of postpubertal females and
22% of controls (28). However, in this study, female relatives
without CAH also had high rates of polycystic ovaries, impli-
cating a cause possibly unrelated to CAH. Similarly, polycystic
ovaries were found in two of 13 CAH females, reflecting the
general population prevalence (29). Ultrasound features of poly-
cystic ovaries are a common finding in the clinical presentation
of the nonclassic CAH female (13).

With appropriate therapy, classic CAH women can become
pregnant. Their unaffected female offspring do not have genital
virilization, but careful monitoring of androgen levels during
gestation is indicated (30). Longer-acting glucocorticoids are of-
ten used to regulate menstrual cycles and optimize fertility. How-
ever, dexamethasone crosses the placenta and suppresses the
fetal adrenal. Thus, dexamethasone should not be used during
pregnancy unless the fetus is at risk for classic CAH (i.e. the father
is a known carrier) and in utero suppression of the fetal adrenal
is desired.

Genetic counseling is indicated for adult CAH patients. CAH
is autosomal recessive. Most patients are compound heterozy-
gotes (have two different CYP21A2 mutations), and the ex-
pressed phenotype typically corresponds to the less severe mu-
tation (2–5). Thus, all children of classic CAH patients will
inherit a mutated allele associated with classic CAH. Nonclassic
CAH patients may carry one classic and one nonclassic mutation
or two nonclassic mutations. The probability of a healthy part-
ner being heterozygote for a CYP21A2 mutation is based on
population disease frequencies and is one in 63 for a classic mu-

tation and one in 17 for a nonclassic mutation. It is prudent for
the partner of a CAH patient to be genotyped. If both parents are
known carriers of a classic CAH mutation, they should be coun-
seled regarding the option of maternal dexamethasone therapy.
Very early institution of maternal dexamethasone is effective in
reducing virilization of the affected female fetus (31). Parents
should be fully informed of the potential risks to the mother and
fetus and should consider this option before pregnancy.

Bone Mineral Density (BMD)

Chronic glucocorticoid therapy is a known risk factor for os-
teoporosis. Reports of younger CAH patients failed to show
decreased BMD (32–34), but studies including older CAH pa-
tients report reduced BMD (Table 1) (35–39). Although in-
creased BMI might protect against low BMD, this has not been
found in CAH patients. Glucocorticoid overtreatment has been
implicated as the cause of decreased BMD in multiple studies (35,
36, 38).

These studies provide compelling evidence that the lowest
possible glucocorticoid dose should be used in the treatment of
CAH, and lower-dose and/or shorter-acting glucocorticoid may
be sufficient in the middle-aged and elderly female when osteo-
porosis rather than fertility is a main concern. Osteoporosis pro-
phylaxis such as physical activity and calcium and vitamin D
supplementation should be implemented at a young age. Screen-
ing dual-energy x-ray absorptiometry (DXA) should be per-
formed in CAH adults.

Quality of Life and Psychological Health

CAH patients are expected to have normal cognition and intel-
ligence. Some studies suggest that CAH patients who experi-
enced adrenal crises are at risk for cognitive impairment (40, 41).
Careful management of adrenal crises with attention to the risk
of hypoglycemia and electrolyte imbalance, especially in neo-
nates, would prevent this potential adverse outcome.

In utero exposure to excess androgens may influence the
brain. Several studies have shown that classic CAH females, es-
pecially salt-losers, have more male-typical childhood play and
behavior (42, 43) and a more male-typical cognitive pattern than
unaffected girls (44, 45). In a functional magnetic resonance
imaging study, amygdala activation in response to emotional
stimuli was significantly greater in CAH females than control
females in a pattern similar to control males, suggesting an an-
drogen effect on emotional processing (46). However, the ma-
jority of studies have been done in younger patients, and a psy-
chological study of 24 CAH women that included older women
(21–71 yr) did not support long-lasting androgen effects (47).

Classic CAH women have more sexual concerns and are less
likely to have sexual relations than controls, and women with the
salt-losing form usually have worse psychosexual functioning
than those with the non-salt-losing form (21, 48). Although mas-
culinization of behavior has been shown, gender identity confu-
sion is extremely rare and is not characteristic of the CAH female.
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CAH females identify themselves as female and do not express
dissatisfaction with their female gender identity (49).

Overall favorable quality of life (19, 50) and good psycho-
logical health (51) have been reported in CAH patients. A study
of 45 CAH women revealed high quality of life comparable to
age- and education-matched controls (50). However, CAH pa-
tients were more often single (66.7 vs. 47.8%), were less sexually
active, displayed more negative body image, and had more neg-
ative self-image in regard to self-confidence, sociability, and so-
cial acceptance. Despite these findings, good physical function,
active coping mechanism, and high global satisfaction with life
resulted in overall high quality of life. Similarly, in a study of 72
females and 42 males with CAH (age 3–31 yr) and 113 unaf-
fected relatives, there were no significant differences between
CAH females and unaffected females on any measure of psycho-
logical health (51). Psychological adjustment was not signifi-
cantly associated with genital virilization or age at genital
surgery.

In general, quality of life involves evaluation of physical and
psychological state, social relationships, and functional capacity.
Our patient, typical of the young adult with classic CAH, is in
excellent physical state with high functional capacity. She is at
risk for negative body image and might avoid sexual relations.
However, she is expected to have an excellent quality of life.

Other Metabolic Effects

Classic CAH patients have adrenomedullary impairment (52).
Intraadrenal cortisol is necessary for normal epinephrine secre-
tion and normal adrenal medulla development. In a study of 38
classic CAH children (52), epinephrine and metanephrine con-
centrations were 40–80% lower than controls. In three salt-

losing CAH patients who underwent bilateral adrenalectomy,
the adrenal medulla was poorly formed. The clinical implications
of epinephrine deficiency are not well understood. However, the
combination of cortisol and epinephrine deficiency puts patients
at risk for hypoglycemia with illness or prolonged fasting. Ex-
ercise is a powerful stimulus of the adrenal medulla, and studies
of adrenomedullary reserve in CAH patients using standardized
exercise paradigms have shown impaired epinephrine response
resulting in defective glucose, insulin, and leptin regulation (53–
55). Adrenomedullary function has not been studied in nonclas-
sic CAH.

Obesity is common in CAH patients, and normally growing
CAH children have been shown to increase their BMI through-
out childhood (56). Insulin sensitivity has been found to be lower
in patients with both classic and nonclassic CAH compared with
BMI-matched controls (57, 58). Hyperleptinemia has also been
described (54, 57). Long-standing adrenomedullary hypofunc-
tion may play a role because catecholamines inhibit insulin and
leptin secretion (52, 57). A recent study of 19 classic CAH adults
(age 28.5 � 3.5 yr) found reduced insulin sensitivity, and also
evidence of early arterial disease, an important cardiovascular
risk factor (59). Doppler studies of major arteries showed in-
creased intima-media thickness in classic CAH patients com-
pared with age-, sex-, and BMI-matched controls. Long-term
cardiovascular risks need further study.

Controversies and Unanswered Questions

CAH constitutes a continuum of clinical challenges that affect
patients throughout their lives, beginning with ambiguous gen-
italia in the newborn. The surgical management of ambiguous
genitalia is complex and controversial. Patient advocacy groups

TABLE 1. Summary of BMD studies in adult patients with CAH

Study No. of patients Findings

Jaaskelainen et al. (35) 32 (30 classic, 16 female, 16–52 yr) Patient BMD Z-scores lower than Finnish population mean (lumbar spine,
�0.52; P � 0.045; femoral neck, �0.83, P � 0.001); long-term
glucocorticoid dose negatively correlated with BMD Z-score; patients
receiving longer-acting glucocorticoids had lower BMD than patients
receiving hydrocortisone

King et al. (36) 26 classic females (21–71 yr) Patients BMD Z-scores, T-scores, and lumbar spine measurements
significantly lower than controls (unaffected sisters); osteopenia present
in 45% salt-losers, 13% simple virilizers, 11% controls; patients with
osteopenia had lowest levels of adrenal androgens

Sciannamblo et al.
(37)

30 classic (12 female, 16–29 yr) Whole-body BMD measurements significantly lower than controls (P �
0.03); bone metabolism markers (serum bone-specific alkaline
phosphatase and C-terminal telopeptide of type I collagen) higher in
CAH patients than controls (P � 0.04)

Bachelot et al. (38) 45 (35 classic, 36 females, 18–47 yr) Osteopenia present in 52% of salt-losers, 42% of simple virilizers, and
20% of nonclassic patients at femoral neck and 39% of salt-losers, 33%
of simple virilizers, and 30% of nonclassic patients at lumbar spine;
osteoporosis found in 7%; negative correlation between BMD T-score
and hydrocortisone dose

Falhammer et al. (39) 61 females (55 classic, 18–63 yr) Osteopenia in 48% of patients �30 yr old, 73% of patients �30 yr old,
and 21% of age-matched controls; patients had lower BMD than
controls at all measured sites (P � 0.001); more osteoporotic fractures
(vertebrae, wrist, and hip) in patients vs. controls (P � 0.058)

Osteopenia was defined as T-score between �1 and �2.5 SD; osteoporosis was defined as T-score less than �2.5 SD.
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have appealed to families to carefully consider whether and when
surgery should be done. However, genital surgery between 2 and
6 months of age is considered the standard of practice for the
virilized classic CAH female (7). Early institution of maternal
dexamethasone prevents virilization in the majority of affected
females (31). However, this therapy is also controversial because
unaffected at-risk fetuses are treated until definitive diagnosis is
available, and the long-term safety remains unknown. Patient
education and informed consent is essential in the management
of these controversial issues. Uncertainty regarding the method
and timing of glucocorticoid administration will remain as long
as current therapy remains suboptimal and there are no random-
ized prospective clinical trials. New ways of delivering hydro-
cortisone are being studied (10). Unresolved clinical problems
that need to be considered in the management of CAH include
adult short stature, iatrogenic Cushing syndrome, infertility, os-
teoporosis, and in the classic female, negative self-image and
compromised sexual function.

Returning to the Patient

The patient is a healthy young adult and has achieved her adult
height. She has irregular menses and is not sexually active, and
her adrenal hormone levels are mildly elevated. Therapy with a
long-acting glucocorticoid was recommended to optimize com-
pliance and further suppress adrenal androgen secretion. She was
started on 375 �g dexamethasone once daily before bedtime, and
fludrocortisone dose remained unchanged. Laboratory evalua-
tion was repeated 6 wk later with the following results: 17-hy-
droxyprogesterone, 400 ng/dl (12.1 nmol/liter); androstenedi-
one, 90 ng/dl (3.1 nmol/liter) (30–200 ng/dl); and plasma renin
activity, 3.2 ng/ml�h (0.2–4.5 ng/ml�h). Although laboratory
evaluation was not performed until 6 wk, the patient was edu-
cated regarding signs and symptoms of over- or under-treatment.
She did not experience weight gain or weight loss, did not have
trouble sleeping, had good energy level, had no change in her salt
cravings, and had a normal menses. DXA was performed, and
Z-score was �0.52 for the anteroposterior spine L1–L4 and
�0.7 in the femoral neck. Osteoporosis prophylaxis was dis-
cussed with encouragement of physical activity and calcium and
vitamin D supplementation. She was referred to a surgeon who
performs reconstructive genital surgery for evaluation of her vag-
inal introitus.

She will be reevaluated in 3 months time. An oral contraceptive
will be added to her regimen if irregular menses continue or if con-
traception is likely needed in the near future. If she is doing well on
her new regimen, additional follow-up will occur every 6 months.

CAH-related education will be provided at each encounter.
Management of illnesses and the proper use of stress doses of
hydrocortisone will be reviewed. All patients with classic CAH
and nonclassic patients who are being treated with glucocorti-
coid should wear medical identification that states adrenal in-
sufficiency. Patients should be instructed to take extra doses of
hydrocortisone in addition to their usual glucocorticoid regimen
for fever, gastrointestinal illnesses, and significant trauma. An
emergency supply of im hydrocortisone should be available, and

adult patients should be taught self-administration. Prolonged
fasting should be discouraged during illnesses because of poten-
tial risk of hypoglycemia, especially in children. Extra glucocor-
ticoid is not indicated for mental stress or sports, but patients
should not fast before intense or prolonged exercise.

Conclusions

In utero and lifetime hormonal imbalances lead to the multiple
clinical challenges of CAH including ambiguous genitalia in the
newborn, management of childhood growth and pubertal de-
velopment, hypoglycemic adrenal crises, genetic counseling of
families and adult patients, optimization of fertility, prevention
and treatment of osteoporosis, and ensuring excellent quality of
life. The Lawson Wilkins Pediatric Endocrine Society and Eu-
ropean Society for Pediatric Endocrinology consensus statement
and other published recommendations regarding treatment are
mostly based on clinical experience and retrospective reports.
Randomized prospective clinical trials are needed to develop new
treatment approaches and further address the unresolved clinical
problems. Patients with CAH should experience a long life span.
Thus, future investigations are needed that focus on the adult and
long-term consequences of CAH management.
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