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Non-classical congenital adrenal hyperplasia (NC-CAH) represents mild form of CAH with
the prevalence of 0. 6 to 9% in women with androgen excess. Clinical and hormonal
findings in females with NC-CAH are overlapping with other hyperandrogenic entities
such as polycystic ovary syndrome hence causing difficulties in diagnostic approach.
Metabolic consequences in subjects with NC-CAH are relatively unknown. We are lacking
longitudinal follow of these patients regarding natural course of the disease or the
therapeutic effects of the different drug regiments. Patients with NC-CAH similarly to
those with classical form are characterized with deteriorated cardiovascular risk factors
that are probably translated into cardiometabolic diseases and events. An increased
preponderance of obesity and insulin resistance in patients with NC-CAH begin at young
age could result in increased rates of metabolic sequelae and cardiovascular disease later
during adulthood in both sexes. On the other hand, growth disorder was not proven in
patients with NC-CAH in comparison to CAH patients of both gender characterized with
reduced final adult height. Similarly, decreased bone mineral density and osteoporosis
are not constant findings in patients with NC-CAH and could depend on the sex, and
type or dose of corticosteroids applied. It could be concluded that NC-CAH represent
a particular form of CAH that is characterized with specificities in clinical presentation,
diagnosis, therapeutic approach and metabolic outcomes.

Keywords: non-classical congenital adrenal hyperplasia, metabolism, obesity, cardiovascular risk, stature,
osteoporosis, glucocorticoids, antiandrogens

INTRODUCTION

The non-classical form of congenital adrenal hyperplasia (NC-CAH) was initially called late-onset
as clinical presentation was observed in adolescents and adults. Presentation of NC-CAH is subtle
and diagnosis requires implementation of different tests to exclude other problems. Moreover,
clinical expression of NC-CAH is variable in patients carrying the same mutation. This suggests that
additional factors may modify the clinical expression of the disease including age, steroid metabolic
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pathways, variation in androgen production, individual
sensitivity to androgens, differences in skin sensitivity to
androgens and possibly the existence of other genes modifying
21-hydroxylase activity (1, 2). In patients with NC-CAH
predominant signs are those of androgen excess including
premature pubarche, acne, hirsutism, polycystic ovary syndrome
(PCOS) and subfertility (3).

NC-CAH is more frequently observed in females. The
preponderance of NC-CAH in women with androgen excess,
and according to ethnicity and genotype, is ranging from 0.6
to 9% (2). Males with NC-CAH are diagnosed significantly
less often than females due to less frequently presented and
recognizedsigns of androgen excess (4). One of the scarce and
small studies showed in men with NC-CAH premature pubarche
in 29% before 9 years of age (5). Gynecomastia has been reported
as the presenting symptom in two male adolescents with non-
classical congenital adrenal hyperplasia. Considering diagnosing
NC-CAH, basal values of 17-OHP below 6 nmol/L were found
in 2.1% of subjects with disease while concentrations of over 30
nmol/L after ACTH test is confirmatory for diagnosis (5).

As CAH is considered as disease spectrum, disease phenotype
is ascertained by the less severe mutation with the highest residual
enzymatic activity of CYP21A2 (6). The prevalence of classical
CAH is from 1:10,000 to 1:20,000 births (7, 8) while in the non-
classical CAH it is 1:1,000 births (9) and occurs in about 6% of
hirsute women (10) (Supplementary Table 1).

Metabolic consequences in subjects with NC-CAH are
relatively unknown and we are missing longitudinal follow up
data of these patients regarding either the natural course of the
disease or the outcomes of therapeutic regiments mainly based on
glucocorticoids. Therefore, metabolic consequences in NC-CAH
subjects could be analyzed from scarce clinical studies (11) or
extrapolated from as well scarce clinical follow-up of patients
with classical CAH.

CLINICAL CHARACTERISTICS IN
DIFFERENT AGE PERIODS

Growth Differences

Patients With Non-classical CAH

Both boys and girls with NC-CAH could be characterized with
fast linear growth, advanced bone age with consequent tall stature
(4, 12). On the other hand, short stature was reported in subjects
with NC-CAH as well particularly in patients on glucocorticoid
therapy that commenced before the start of puberty. However,
risk for short stature is relatively small with majority of children
having almost normal final height (13).

Patients With Classical CAH

Birth length of salt wasting (SW) boys and girls at neonatal
screening is above the average at birth while during infancy their
height velocity declines by the age of 1.5 years in boys, and by the
age of 3 years in girls (14). Patients with simple virilizing (SV)
form of CAH have relative androgen insensitivity during the first
year of life with consequent absence of increased height velocity
(15). Before puberty, patients with SW are growing close to the

reference values. True pubertal growth spurt is not noticeable in
both forms and genders (16).

The first meta-analysis on the height outcome in classical
CAH showed similar mean final height SD score (SDS) of
—1.37 (~10cm) in both genders compared to their target
height (17). Studies on the outcomes in adults with classical
CAH showed those on smaller glucocorticoid doses had slightly
better SDS outcome of —1 below the target height. Patients
with both CAH forms had reduced final adult height. However,
women with simple virilizing form of CAH had shorter stature
in comparison to those with salt wasting phenotype (18)
(Supplementary Table 1).

Sexual Maturation Characteristics

Howig et al. reported that the mean age for the onset of puberty
was 9.8 years for girls with simple virilizing form, and 10.3 years
for girls with SW CAH, and similar age at menarche of 13.3
and 13.7 years, respectively. In boys with SV form the onset
of puberty was at 9.8, and 10.6 years for those with SW (19).
Moreover, dissociation of pubarche and adrenarche was shown in
classical CAH. Namely, in both boys and girls an earlier pubarche,
gonadarche, and thelarche was confirmed with the absence of
typical signs of adrenarche. Children having advanced skeletal
maturation are at risk for early pubertal development (20).
Elevated androgens may induce secondary central precocious
puberty. High adrenal androgens resulting from non-suppression
of HPA axis cause early puberty in both forms, more prevalent in
SV than SW forms (21).

In those with NC-CAH pubertal delay, pubertal development
progressed well after the initiation of glucocorticoid therapy
with attainment of menarche and subsequently regular
menstrual cycles (22) (Supplementary Table 1).

IMPORTANCE OF DIFFERENTIAL
DIAGNOSIS

NC-CAH and Early Adrenarche/Pubarche

Adrenarche is characterized with elevated secretion of adrenal
androgen precursors (AAPs), namely, dehydroepiandrosterone
(DHEA) and DHEA-sulfate (DHEAS) that occurs at 5-8
years of age (23). Premature adrenarche (PA) and premature
pubarche (PP) are defined as early appearance (before 9 years
in boys and 8 years in girls) of axillary and pubic hair, adult
type body odor or acne, with the absence of true central
puberty. AAPs concentrations are above the prepubertal level
with DHEAS > 1 pwmol/l (termed as biochemical adrenarche)
(24). The mechanisms of PA are not fully elucidated but the
obesity and genetic factors seems to contribute in apparently
multifactorial etiology (24).

Premature adrenarche is a benign condition but before
the diagnosis can be accepted, differential diagnosis should
consider defects of cortisol synthesis, androgen-producing
tumors originated from adrenals or gonads, central precocious
puberty, primary hypothyroidism, Cushing’s syndrome, exposure
to exogenous androgens, and most importantly NC-CAH (25).

The reported prevalence of CAH in PP patients differs
from study populations (0-43% for all types of CAH) (26).
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Differential diagnosis between PA and NC-CAH, as well as
other genetic reasons for adrenal hyperandrogenism, is not
always obvious based on clinical examination. However, rapidly
accelerating growth, remarkable androgenic signs and bone age
advancement, and a positive family history are clues toward a
genetic disorder (27).

NC-CAH and PCOS

Clinical and hormonal findings that are overlapping with
other hyperandrogenic entities such as PCOS may cause some
difficulties in diagnostic approach in patient with suspected NC-
CAH. Therefore, one should question what endocrine tests are
appropriate to confirm or exclude NC-CAH, and if genetic
analyses are indicated (5, 28, 29).

PCOS is considered frequent endocrine disease of women
during reproductive period that is characterized with
hyperandrogenism (30). As PCOS is a disease of exclusion,
clinicians are obliged to perform necessary basal and functional
endocrine testing to exclude other causes of androgen excess.
Serum total testosterone determination is the main androgen
determinant of PCOS (30). Approach to the hormonal analyses
depends on the severity of hyperandrogenism. Determination
of total testosterone is requested in patients with regular
menstrual cycles and mild hirsutism (30). Determination of total
testosterone together with FSH and LH is requested in patients
with moderate hirsutism. In subjects with sudden development
of hirsutism in adolescents and adults, and high concentrations
of testosterone and androstenedione, an additional ACTH
stimulation test with determination of 17-OHP together with
CYP21A2 genotyping is requested (31).

Gonads could contribute to increase in 17-OHP as they also
secrete this hormone. A hyperresponsiveness of 17-OHP to
gonadotropin-releasing hormone agonist (GnRHa) is confirming
ovarian hyperandrogenism. Hence, PCOS is considered as
a result of ovarian thecal cell overactivity associated with
17,20-lyase activity down-regulation (32). As a consequence,
hyperandrogenemia in PCOS could lead toward estrogen
oversecretion. However, LH to estradiol ratio is kept normal in
functional ovarian hyperandrogenism in the presence of elevated
17-OHP (33).

THERAPEUTIC APPROACH
Therapy for NC-CAH

Concerning therapy for NC-CAH patients in contrast to classical
CAH patients, adrenal replacement is not required. Therefore,
pharmacological treatment is focused on the management of
the signs of androgen excess. Use of glucocorticosteroid (GCS)
therapy should be reserved for special outcomes such as
restauration of fertility. When talking on the long-term outcomes
of androgen excess including menstrual cycle derangement, first
line options are antiandrogens and oral contraceptives (34)
(Supplementary Table 1).

Therapy for Classical CAH

Glucocorticoids and All Forms of CAH

Longitudinal growth and bone age development are the
most important clinical parameters for monitoring adequate

glucocorticoid replacement in children with CAH (35). Serum
levels of 17-OHP, androstenedione and testosterone need to
be monitored frequently and the hydrocortisone dose adjusted
to maintain treatment efficacy. The levels of androstenedione
and testosterone are more important in monitoring the
glucocorticoid dosage than 17-OHP that should be kept a little
above the normal range.

Analysis of growth in CAH patients reveal that the two
most rapid phases of growth (first year of life and pubertal
growth spurt) are vulnerable ones, during which glucocorticoid
overtreatment should be avoided (14, 19). During infancy
hydrocortisone dose should be decreased in patients with slower
growth velocity, but strict hydrocortisone dose adjustments
are necessary during childhood to avoid accelerated growth
and advanced skeletal maturation (16). Pharmacokinetics of
free cortisol showed shorter half-life in pubertal girls than in
pubertal boys (36). Consequently, female patients at puberty need
more frequent hydrocortisone replacement regimen. Besides
decreased compliance of adolescents with CAH, use of oral
contraceptive pills, aromatase inhibitors, thyroxine, or ingestion
of hydrocortisone with food could influence cortisol dynamics
and altering hydrocortisone dosing (37).

Hydrocortisone three times per day is the mostly prescribed
regimen by pediatricians (38). Prednisolone or dexamethasone
could be used in children with late puberty and in adults, but
are avoided in childhood due to the potent effect on growth.
It was observed several rises in cortisol concentrations during
the day in children on hydrocortisone therapy. These phased
are interchanged with periods of hypocortisolemia between the
doses, especially during the night. Reduction of glucocorticoid
dose during puberty is of clinical importance as pubertal height
gain represent a predictor of final height. On the other hand,
low glucocorticoid dose with concomitant hyperandrogenism
can lead to premature epiphyseal closure and short stature
(17). Other treatment options to improve final height and
metabolic outcome might include subcutaneous hydrocortisone
infusion through a pump, as well as plenadren (modified-
release hydrocortisone) and chronocort (modified-release
hydrocortisone formula, under development) that have a delayed
and sustained absorption profile (38) (Supplementary Table 1).

Mineralocorticoids

Endocrine Society (USA) recommended fludrocortisone (0.05-
0.2mg once or twice per day) to be used in all patients with
classical CAH (13). Fludrocortisone is used more frequently
and in higher doses in patients with more severe genotypes.
Overtreatment, defined by renin concentrations either in
the lower reference range or suppressed, was only rarely
observed throughout the different mutation groups (22)
(Supplementary Table 1).

METABOLIC OUTCOMES OF NC-CAH

Obesity and Cardiometabolic Risk During
Life
Non-classical CAH

One third of untreated NC-CAH women have insulin resistance
(11, 39). In children with both classical CAH and NC-CAH
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prevalence of obesity is approximately 35% and exceeds obesity
rates in children and adolescent in the general population (18).
Obese children with either forms of CAH are hyperinsulinemic
and hyperleptinemic but predominantly in those with classical
form of CAH (18, 40). However, Saygili et al. did not show
difference in leptin concentrations in hyperinsulinemic and
hyperandrogenemic adult women with NC-CAH in comparison
to controls (39). Moreover, an association of leptin levels with
hyperinsulinemia and hyperandrogenism in women with NC-
CAH was not established with conclusion that potential relation
of leptin with hyperinsulinemia and reproduction in NC-CAH
patients need further investigation (39).

We are lacking clinical studies in NC-CAH children regarding
obesity, metabolic syndrome and their consequences (41).
Concerning adult NC-CAH patients, it was recently shown an
increased risk of metabolic and cardiovascular morbidities in
both males and females (42).

Adrenal androgen secretion is increased in NC-CAH in the
presence of normal levels of ACTH in the majority of subjects
(43). Moreover, NC-CAH patients have normal levels of DHEAS
while androstenedione and testosterone are similarly elevated to
the levels in PCOS women (43, 44). As mentioned previously,
altered enzyme kinetics due to CYP21A2 missense mutations
is associated with adrenal androgen oversecretion in NC-CAH
(2). Another mechanisms contributing to hyperandrogenism in
NC-CAH includes ovarian dysfunction and peripheral synthesis
of androgens from steroid precursors (41). As a consequence,
use of glucocorticoids around puberty in hyperandrogenic state
could favor abdominal visceral adiposity, insulin resistance with
concomitant metabolic derangement and further exacerbation of
androgen production (45). It was recently proposed a backdoor
pathway for hyperandrogenism of NC-CAH with transformation
of 17-OHP and progesterone into more potent androgens such as
dihydrotestosterone (46) (Supplementary Table 1).

Classical CAH

It was observed an existence of higher rates of obesity and insulin
resistance in adult patients with CAH (22). Hyperandrogenism
was suggested as an intrinsic hormonal imbalance in classical
CAH. Life-long glucocorticoid treatments are conferring to the
increased risk for obesity and cardiovascular disease (CVD).
Moreover, higher doses of glucocorticoids were associated with
obesity in adults irrespectively on their family predisposition to
obesity (18).

Leptin and other adipokines are elevated in almost all ages of
patients with classical CAH, and characterized with abdominal
obesity, consequent changes in food consumption, insulin
sensitivity, and energy homeostasis. Therefore, it seems that
adipokines are involved in the pathogenesis of obesity in patients
with CAH (47). The increase in amount of fat commenced
during childhood, it is existing even in children adequately
treated, and was found in young adults with CAH as well (48).
However, we are lacking information on the metabolic activity
of abdominal adipose tissue in CAH patients. Recently, Kim
et al. (47) showed that CAH adolescents and young adults have
increased abdominal adiposity, with a higher proportion of pro
inflammatory visceral adipose tissue (VAT) than subcutaneous

adipose tissue. This places CAH patients at even greater risk for
harmful metabolic sequelae from obesity linked to CVD risk.
Moreover, strong correlation was obtained between VAT and
adipokines or inflammatory markers (i.e., leptin, PAI-1, and hs-
CRP). These findings implicated on the association of insulin
resistance and metabolic syndrome in young patients with CAH
(49). Consequently, adolescents and young adults with CAH
express similar low-grade inflammation as obese individuals
without CAH (49).

Clinical studies based on dual x-ray absorptiometry (DXA)
showed that either males or females with classic CAH exhibit
higher total fat mass and reduced lean body mass than
controls. In respect to therapy used, a week correlation
was found for cumulative glucocorticoid dose and total fat
mass in females only (50). However, there was no observed
differences between males and females for body composition
or obesity in either classical CAH or NC-CAH (18, 40, 47, 51)
(Supplementary Table 1).

Impact of Therapies on the Disease Prevalence

In respect to the therapy used, different studies analyzing
patients with classical CAH showed variation in prevalence
of obesity from 16.8 to 35% on hydrocortisone doses ranging
from 13.3 to 15 mg/m?/day while only one study reported
prevalence of obesity of 60.7% on the dose of 19.5 mg/m?/day
(50). As meta-analyses was not performed yet, it could not be
suggested a linear correlation between the prevalence of obesity
and increasing doses of hydrocortisone as a frequently used
therapeutic modality.

Many studies analyzing patients with CAH indicate an
increased prevalence of insulin resistance but very few indicated
an increased prevalence of diabetes including gestational
diabetes. This could be partly explained with CAH studies
analyzing patients younger than 50 as age group that is
not typical for development of diabetes (4). In respect to
glucocorticosteroids used, a few reports on classical CAH patients
are giving opposite results with elevated insulin resistance index
(HOMA-IR) in 18 and 44.4% on hydrocortisone doses of 19.5 and
11.2 mg/m?/day, respectively (50).

Androgen Excess and Cardiovascular Risk
Classical CAH as hyperandrogenic state is characterized in
women with increased cardiovascular risk (52). Either low
or high testosterone levels have an increased risk for CVD
independently of age, adiposity, ovarian function, and smoking
(53). Traditional and non-traditional cardiovascular risk markers
as well as their functional and morphological effects recognized
throughout the surrogate indices, imply on the existence
of increased cardiovascular risk and subclinical CVD in
various types of women with androgen excess (52). Study by
Falhammar et al. (54) on small number of patients analyzed
cardiovascular and metabolic risk profiles in adult CAH males
on lifelong glucocorticoid treatment. The authors showed that
younger CAH males did not differ from age-matched controls
while risk increased in subjects older than 30 years (54).
However, we are lacking data on the frequency of established
cardiovascular disease and mortality. It was shown that stroke
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is common in women with NC-CAH (odds ratio 5.8) while
acute coronary syndrome is characteristic for males with
classical CAH (odds ratio 9.9) (42). Hazard ratio of death was
higher for females, and with 32% caused by cardiovascular
diseases (55).

Higher concentrations of testosterone and DHEA in post-
menopausal women are associated with the progression of
atherosclerosis and development of hypertension (56). It was
recently suggested an association of hyperandrogenism with the
occurrence of inflammation and oxidative stress at the level of
vascular endothelium, and concomitant renal reabsorption of
sodium and water (56). Androgens have an adverse effects on
insulin sensitivity, visceral adiposity and lipolysis, low-density-
lipoprotein cholesterol (LDL-C) clearance, and high-density-
lipoprotein cholesterol (HDL-C) concentrations (57). Moreover,
androgen excess is deteriorating lipid profile making it more
atherogenic through lower HDL-C, increased LDL-C level as a
consequence of blunted LDL-receptor activity, or by enhanced
lipoprotein lipase activity (57).

CAH is characterized by an existence of cardiovascular risk
factors including dyslipidemia, obesity and insulin resistance,
as well as cardiovascular outcomes as hypertension (58). There
is a similarity in respect to the presence of cardiovascular risk
factors in CAH patients and PCOS patients. Glucocorticoid
used in high doses for the androgen suppression could induce
Cushing syndrome characteristics with further aggravation
of existing cardiovascular risk factors (59). Some data in
children’s populations showed decreased HDL-C in ~10% of
both classic CAH and NC-CAH subjects (18). In another study,
an association of androgen concentrations with dyslipidemia,
obesity, and IR was shown in CAH patients (58) as well as
elevated triglyceride concentrations confirmed in children with
classical CAH on prednisone therapy (60). Moreover, prepubertal
children with classical CAH could have elevated leptin and
insulin levels constituting a group with increased life-long
cardiovascular risk (61).

Hypertension is frequent finding in patients with classical
CAH. It could be a consequence of the disease or the effect of
therapy. Moreover, hypertension is considered the main cause of
cardiovascular morbidity in young patients with CAH (62). In
respect to the activity of the disease, elevated blood pressure was
more likely diagnosed all patients with classical CAH than in NC-
CAH ones, and associated with children of younger age and adult
male gender, respectively (18). Moreover, deranged systolic blood
pressure in children with classical CAH was characterized with
higher daytime values and the absence of the nocturnal descent
(63). Monitoring of blood pressure in children is of importance.
Namely, it was observed an increased hypertension rate in young
patients with classical CAH on fludrocortisone therapy (64).
Available studies on CAH patients of different age showed similar
prevalence of hypertension between males and females with CAH
(18, 40, 63) with few exceptions showing more deteriorated BP in
younger females likely to be related to androgen excess (50).

Carotid intima-media thickness (CIMT) is used as surrogate
marker of arterial damage. It was shown that CIMT was
increased in CAH patients including different age groups and
independently of androgen levels, insulin levels or glucocorticoid

treatment (65). Moreover, when comparing adolescents with
classical CAH and NC-CAH, even those with NC-CAH may
be at higher risk of having increased CIMT, possibly related to
intermittent iatrogenic hypercortisolism and secondary insulin
resistance (66). In respect to gender differences, there was no
association between CIMT and androstenedione and 170H
progesterone in exposed females with classical CAH (51)
(Supplementary Table 1).

Bone Mineral Density and Risk for

Osteoporosis

Adult patients with classical CAH are shorter than average
individuals in the general population by ~10cm (17). This is
caused by the parallel effects of earlier exposure to androgens
causing accelerated growth rate in childhood and premature
epiphyseal closure in the long bones, and suppressive effects of
excessive GCS doses on the secretion of growth hormone on
the other.

The age and duration-related data on the assessment of
bone mineral density (BMD) in patients with CAH are varying.
While some authors showed lower BMD in adults with classical
CAH and NC-CAH (18) others showed differences in BMD
in relation only to glucocorticoid use (67). Curiously, while
GCS therapy in children did not show a decrease in BMD,
significantly lower BMD was demonstrated in adult patients with
CAH on GCS treatment, and specially in those having salt-
wasting CAH managed with highest doses of GCS (68, 69). In
respect to the drug used, lower BMD values are found in patients
managed with longer-acting GCS compared to those managed
with hydrocortisone (70). An additional factor influencing
decrease in BMD could be the reduced levels of DHEA and
DHEAS that was shown in post-menopausal women treated with
long-acting GCS (68).

Apart from the assessment of height and BMD using
dual energy X-ray absorptiometry, there is not an established
role for the bone turnover biochemical markers in patients
with CAH (69).

Use of glucocorticoids could result in long-term complications
including osteoporosis and fractures (4). In respect to the CAH
variant, while some authors reported normal or even better BMD
in different age-groups of patients with NC-CAH in comparison
to classical CAH (71, 72), other authors found similar frequency
of osteoporosis in NCAH in comparison to classical CAH (18).

Osteoporosis could be expected in adults with classical CAH
on chronic glucocorticoid therapy. GCS therapy is influencing
the activity of osteoblasts with consequent decreased in BMD
(67). In line with this is low activity of the markers of bone
formation such as osteocalcin, in adults with CAH (73). Apart
from the more pronounced decrease in BMD after the age of
30, an increased rate of osteoporotic fractures was shown in
women with classic CAH treated with GCS (71). Moreover,
males older than 30 years had lower BMD in all measured
sites similarly to women of the same age (67, 71). However, in
spite of lower BMD and osteocalcin concentrations in males on
prednisolone therapy in comparison to the ones hydrocortisone
treatment, they did not have higher frequency of fractures (67).
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Taking into consideration all the aspects of GCS treatment
on BMD, and in spite of decreased bone turnover markers,
most patients with CAH have normal BMD. Preservation of
bone integrity over GCS treatment could be explained with the
commonly increased body mass index, which is protective to
bones, as well as with the anabolic effects of androgens in both
males and females (73). However, the most likely explanation
for the preserved BMD could rely in the positive net effect of
the GCS type and dose adjustment during patient’s follow-up
(Supplementary Table 1).

CONCLUSION

Patients with NC-CAH are prone to develop metabolic
consequences. Those patients are with higher rates of obesity and
insulin resistance, as well as with increased rates of metabolic
sequelae and cardiovascular disease during an adult period in
both males and females. These patients could be at higher risk of
having increased arterial intima-media thickness, possibly related
to intermittent iatrogenic hypercortisolism and secondary insulin
resistance. Decreased BMD and osteoporosis is not a constant
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