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XYLASE DEFICIENCY DECEPTIVE DISEASE? MANAGEMENT
AND DIFFERENTIATION OF SYNDROME IN ADULTS
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Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency is one of the most com-
mon autosomal recessive hereditary diseases.

The lack of cortisol synthesis leads to excessive stimulation of the adrenal glands
by adrenocorticotropic hormone (ACTH). Moreover the impairment of cortisol synthesis results
in adrenal hyperplasia and excessive androgen synthesis. Congenital adrenal hyperplasia is
characterised by a considerable correlation between the genotype and the phenotype with the
type of CYP21A2 gene mutation affecting the severity of 21-hydroxylase deficiency.

The clinical manifestations of congenital adrenal hyperplasia in adults result from adrenocortical
insufficiency, hyperandrogenism, and the adverse effects of glucocorticosteroids, which are used for the
treatment of the syndrome. Non-classic congenital adrenal hyperplasia may sometimes be asymptomatic.
Patients with classic congenital adrenal experience a wide variety of symptoms, including obesity,
hyperinsulinaemia, insulin resistance, and hyperleptinaemia. These abnormalities promote the
development of metabolic syndrome and its sequelae, including endothelial dysfunction, and
cardiovascular disease. The symptoms are more often seen in patients suffering from congenital
adrenal hyperplasia syndrome than in the general population.

Long-term glucocorticosteroid treatment is also a known risk factor for many diseases, for
instance osteoporosis.

Patients with congenital adrenal hyperplasia require constant monitoring of biochemical parameters
(17a-hydroxyprogesterone [17-OHP] and androstenedione), clinical parameters (Body Mass Index,
waist circumference, blood pressure, glucose, and lipids), and bone mineral density by densitometry.
Appropriate treatment of congenital adrenal hyperplasia is extremely important. The principal
goal of treatment in adults with CAH is to improve quality of life, ensure that they remain fertile,
reduce the manifestations of hyperandrogenisation in females. Furthermore it is key to reduce
the adverse effects of medicaments used for therapy of the CAH syndrome.

Patients with classic congenital adrenal hyperplasia require treatment with glucocorticosteroids
and, in cases of salt wasting, also with a mineralocorticosteroid.

Radical measures, such as bilateral adrenalectomy, are very rarely needed.

Asymptomatic patients with non-classic congenital adrenal hyperplasia require monitoring;
treatment is not always necessary.

Medical care for patients suffering from congenital adrenal hyperplasia should be provided
by reference centres, as the management of such patients requires collaboration between an
endocrinologist, diabetologist, gynaecologist, andrologist, urologist, and psychologist.

Key words: congenital adrenal hyperplasia, 21- hydroxylase, glucocorticosteroids

48



Mpaui HTL Proc. Shevchenko Sci. Soc.
Megunyni Haykmn 2017, 2 (L) Medical sciences 2017, 2 (L)
Oornsg Review

Yn € BPOAXKEHA NNEPMNNA3IA HAAHUPHUKIB YEPE3
21-TNAPOKCUNTA3HY HEAOCTATHICTb OMAHJINBOI'O
3AXBOPHOBAHHA? YINPABJIIHHA TA AN®EPEHUIOBAHHA
CUHAPOMY Y NOPOC/INX

AHHa HoBak,

BapLuaBcbkunii meanyHuii yHiBepcuteT, lMonbia, abazylevych@gmail.com

BpoaxeHa rinepnna3sis HagHupkoBux 3as03 (CAH), 3ymoBneHa gegiuntom 21-rigpokcuaasu, €
O4HI€O 3 HaKbIi/IbL MOLWNPEHUX ayTOCOMHO-PELIECUBHUX CMNaAKOBMX 3axXBOPIOBaHb. BigCyTHICTb
CUHTE3y KOPTU30J1y MPpU3BOANTL [0 HAAMIPHOI CTUMYSaUIT HAAHUPHUKIB 3a [OMOMOro agpeHo-
KOPTUKOTPOriHoro ropmoHy (AKTI). Kpim Toro, noripueHHs CMHTE3Yy KOPTWU30J1y MPU3BOANTbL A0
rineprnasii HaaAHUPHUKIB Ta HaAMIpHOIro CMHTE3y aHApPoreHy. BpoaxeHa rinepriasiss HagHUPHUKIB
XapaKTepn3y€ETbCS 3HaAYHOK KOPEJISILIED MK reHOTUIOM i (heHOTHUNOM 3 TunoM myTtauii reHa CY-
P21A2, 140 BrNBA€E Ha TSXKKICTb AeiuynTy 21-rigpoKcuaasu.

KniHivyHI nposiBu BpoXKeHOI rinepraasii HagHUPKOBUX 3as103 Y AOPOC/IUX CIPUYUMHEHI aapeHo-
KOPTUKAaJ/IbHOIO HEAOCTATHICTIO, rinepaHApoOreHiaMoM Ta HECrpusITANBUMU epeKTaMm r1lOKOKOP-
TUKOCTEPOILIB, SIKi BUKOPUCTOBYIOTLCS A/151 JIIKYBaHHS CUHAPOMY. HekpacoBaHa Bpoa)xeHa rirnep-
rnaasiss HagHUPHUKIB iHOAI MoXXe 6yTu acuMnToMaTuyHoro. lNauyieHTn 3 KIacuyHUMMU BPOAXKEHUMU
HaAHUPHNKAMN MaroTb LUMPOKME CrIEKTP CUMMTOMIB, BKJIHOYAKOYN OXWUPIHHS, rinepiHCyaiHEMIto,
PE3UCTEHTHICTb A0 IHCYNiHY Ta rinepaentiHeMito. Li aHomarii cripnsitoTb po3BUTKY mMeTabos1idyHOoro
CUHAPOMY Ta MOro HacsigKiB, BKIOYaYu ANCOYHKLUIO eHAO0TEI Ta cCepLeBO-CyANHHI 3axXBOpIo-
BaHHs. CUMITOMM 4YacTille CrocTepiraroTbCsl y rnayi€eHTIB i3 BPOAXKEHUM CUHAPOMOM rinepriiasii
HaAHUPKOBMX 3a/103, HiX B 3arasbHivi nonynsyii. [JJoBroTpuBane ikyBaHHS /1IOKOKOPTUKOCTE-
poigamu Takox € BiJOMUM (paKToOpoM pu3mnKy 6araTtbOXx 3axXBOPHOBaHb, Harpuksaasd, oCTeornoposy.
layieHTy 3 BPOAXKEHOIO rirnepriiaziero HagHUPHUKIB NoTpebytoTb MOCTIKIHOro MOHITOPUHIY GioXiMiy-
HUX nokasHukiB (17a-rigpokcurnporecrepoH [17-OHP] Ta aHAPOCTEHAIOHY ), K/iHIYHNX MOKa3HUKIB
(iHaekc macu Tina, KosiHa Tasii, apTepiasibHOro TUCKY, IJ1IlOKO3u Ta JinigiB) 1a MiHepasibHOI Liib-
HOCTI KICTKOBOI TKaHWHW 3a OMOMOrot 4eHCUTOMETPII.

BignoBigHe nikyBaHHS BPOAXXEHOI rineprnaasii HagHWPHUKIB Haa3Bu4YanHo Baxamse. OCHOBHAa
meTa JiKyBaHHS y Agopocianx 3 CAH nonsirae y noainieHHi SIKOCTi XUTTsl, 3abe3rnedyeHHi iXHboi
POAKYOCTI, 3HUMXKEHHI MNPOsBIB rinepaHgporeHauii y XiHok. KpiM TOro, K/Jl04OBUM € 3MEHLUEHHS
HEeCrnpusTinBOro BrJiMBY JlikapCbKnx 3acobiB, L0 3aCTOCOBYIOTbCS 4715 Tepanii cuHgpomy CAH.
llayieHT 3 K/1aCU4YHOK BPOAXKEHOIO rirnepriia3iero HagHUPKOBUX 3aJ103 BUMAararoTb JiKyBaHHS
[TTIOKOKOPTUKOCTEPOIAaMU, a B pa3i BTPATu COJ1i - TAKOX 3 MIHEPA/IOKOPTUKOCTEPOIAaMM.
PaauvkanbHi 3axoamn, Taki K ABOCTOPOHHS aApPEHaIeKTOMIs, AYyXXe piAKOo MoTpibHi. be3cuMnToMHI
rnayieHTV 3 HEKaTeropu4yHoO BPOIXKEHOK rinepriiasieo HagHUpPKOBUX 3a/103 BUMararoTb MOHITO-
PUWHIY; JTiKyBaHHS HE 3aBXAu € HeobxigHnM. MeanyHe 06C1yroByBaHHS MNaLi€HTIB, O CTPaXK4aroTb
Ha BpOAXEeHY rinepraasito HagHUPHUKIB, MOBMHHO 3abe3rnedyyBaTtu BignpaBHi LEHTPU, OCKI/IbKU
A5 yrpasJ/liHHS TaKuMu rawgieHTamMm HeobxigHa criBrnpaus MiX eHZOKPMHO/10roM, AiabeTosorom,
riHEeKOJ1I0roM, aHApos10roM, yposioroM 1a rcuxosiorom.

KnrouoBi cnoBa: Bpoa)xeHa rinepriasis HagHWpHWKIB, 21-rigpoKcuaasa, riitokOKOPTUKOCTEPOIAH.
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Etiology: Epidemiology:

Congenital adrenal hyperplasia (CAH) is The frequency of occurrence of congenital
one of the most common autosomal re- adrenal hyperplasia was based on neonatal

cessive hereditary disease. 95 percent of
cases of CAH is a result of 21-hydroxylase
deficiency, the enzyme encoded by the CY-
P21A2 gene. The role of 21-hydroxylase
is to converse 17-hydroxyprogesterone to
11-deoxycortisol. Mutations in the CYP21A2
gene cause the cortisol deficiency and, in
more progressive form, aldosterone defi-
ciency. Moreover, a higher amount of ACTH
is released, leading to excessive production
of 17-hydroxyprogesterone (17-OHP). This
steroid undergoes inordinate conversion to
androgens.

Depending on the severity of 21-hydroxylase
deficiency three main types of CAH are iden-
tified:

e Classic salt-wasting CAH (SW CAH) -
total lack of 21-hydroxylase activity, leading
to cortisol and aldosterone deficiency.

e Classic simple virilizing CAH (SV CAH)
- only 1-2% of 21-hydroxylase activity is
maintained. The clinical picture shows cor-
tisol insufficiency, in contrast to aldoste-
rone, which concentration and function are
preserved.

e Non-classic CAH (NC CAH) - 20-50 %
of 21-hydroxylase activity is preserved.
The onset of this form occurs in late child-
hood or during puberty. Mild androgen ex-
cess is characteristic for NC CAH (Fig. 1).
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Figure 1. Pathway of adrenal and gonadal
steroidogenesis in 21-hydroxylase deficiency. Pediatrics
Clerkship, The University of Chicago
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screening. Data from approximately 6.5
million newborn infants screened worldwide
to show the mean prevalence of classic CAH
approx. 1 in 15,000 live births. Spread differs
according to ethnicity and geographic area.
This number varies from as low as 1 in 28,000
in the Chinese population, 1 in 5000 to 23,000
live births in Caucasian, to as high as 1 in 280
in Yupik Eskimos in Alaska and 1 in 2100 in
the French island of La Reunion. In the United
States, the prevalence is lower in African
Americans than in Caucasians (1 in 42,000
versus 1 in 15,500, respectively) [1-4].

Approximately 67 percent of classic congeni-
tal adrenal hyperplasia patients are classified
as “salt-losing,” (SW CAH), while 33 percent
of classic adrenal hyperplasia patients have
“non-salt-losing” or the “simple virilizing” form
(SV CAH) reflecting the degree of aldosterone
deficiency.

The non-classic CAH is more common and the
frequency depends on the ethnicity. Among
Caucasians, the prevalence of NC CAH may
be as high as 1 in 1000 to 1 in 100, with the
spread being significantly higher among Med-
iterranean, Hispanics, Yugoslavs, and East-
ern European Jews. Most patients with the
non-classic form are based upon detection of
very high levels of 17-hydroxyprogesterone
[5-7].

Clinical manifestation:

The clinical spectrum of classic forms of con-
genital adrenal hyperplasia ranges from the
mild to the most severe forms, depending
on such factors as adrenocortical and adre-
nomedullary insufficiency, androgen excess,
individual sensitivity to androgens and the ad-
verse effects of medicines used for the treat-
ment of CAH.

Manifestations of adrenocortical insuffi-
ciency:

Adrenocortical insufficiency is diagnosed in pa-
tients with classic congenital adrenal hyperpla-
sia. Patients with classic-salt wasting CAH (SW
CAH) may be apathetic and show general mal-
aise, easy fatigability, loss of appetite, weight
loss. Symptoms such as abdominal pain, nau-
sea, vomiting, diarrhoea, myalgia and low
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blood pressure indicate an early adrenal crisis,
which is a potentially life-threatening situation
requiring immediate emergency treatment.
Moreover, some patients suffering from classic-
salt-wasting CAH (SW CAH) present with skin
lesions, for instance, hyperpigmentation [8, 9].

Patients with classic congenital adrenal hy-
perplasia also present insufficient level of hor-
mones produced in adrenal glands medulla. It
is associated with the abnormal formation of
the adrenal medulla during the prenatal pe-
riod. Patients with CAH have lower levels of
plasma adrenaline, methoxy adrenaline and
urinary adrenaline compared to control group.
Adrenaline and cortisol deficiency increases
the risk of severe hypoglycemia, especially in
situations of growth requirement for adrenal
cortex hormones [10].

Reproductive system manifestations:
Women suffering from CAH present with var-
ious gynaecological endocrinology symptoms.
Higher androgens levels (hyperandrogenism)
may cause hirsutism, acne, insufficient de-
velopment of the breasts and menstrual dis-
orders. About 40% of women with classic
salt-wasting congenital adrenal hyperplasia
(SW CAH ) and 20% of women with classic
simple virilizing congenital adrenal hyperpla-
sia (SV CAH) suffer from fertility problems.

Causes of decreased fertility are complex. Ex-
posure of the fetus to the high concentrations
of androgens during prenatal period may in-
terfere with the development of the hypotha-
lamic-pituitary-gonadal axis. Elevated levels
of progesterone, 17-hydroxyprogesterone and
androgens have a negative impact on the re-
productive system [11].

Furthermore, women with congenital adrenal
hyperplasia often suffer from polycystic ova-
ry syndrome (PCOS) and insulin resistance,
which increase the risk of anovulation cycles.

In addition, women diagnosed with classic CAH
have sex life problems. Abnormal anatomical
structure of the external genitals causes pain
in the pelvis and bleeding during sexual in-
tercourse, frequently resulting in post-inter-
course dissatisfaction and subsequently lose
their interest in sex life.

Men suffering from congenital adrenal hyper-
plasia, similarly to women, are at higher risk
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of infertility. It is caused by testicular adrenal
rest tumour (ART), LH suppression and co-ex-
istence of metabolic syndrome and insulin re-
sistance.

Manifestations of non-classic congenital
adrenal hyperplasia:

Manifestations of NC CAH in adult women in-
clude hirsutism, acne, frontal alopecia, oligo-
menorrhoea, infertility and virilisations symp-
toms (clitoromegaly, male pattern hair growth,
deepening of the choice). The causes of infer-
tility are similar to those in the classic forms
of congenital adrenal hyperplasia and affect
about 13 % of women with NC CAH [12].

Adrenal tumours:

Patients suffering from classic forms of CAH and
non-classic CAH are at higher risk of appear-
ance of unilateral or bilateral focal changes in
the structure of adrenal glands. Treatment with
glucocorticoids may decrease in size the adre-
nal tumours. It is important to examine the pa-
tients with congenital adrenal hyperplasia for
adrenal tumours. Likewise, patients diagnosed
with adrenal tumours should be examined for
congenital adrenal hyperplasia [13, 14].

Height and bone mineral density:

Early exposure to androgens and accelerat-
ed growth rate in childhood cause the lower
growth in adult life in patients with congenital
adrenal hyperplasia [15].

Moreover, treatment of CAH with glucocorti-
coids can lead to reduced bone mineral density
(BMD) resulting in osteoporosis thus increas-
ing the risk of bone fracture. In order to reduce
the risk of osteoporosis development physician
should apply low doses of glucocorticoids. Fur-
thermore, nutrition has also a significant im-
pact on reducing the frequency of osteoporosis.
In this setting, Calcium and Vitamin D3 rich diet
and/or supplementation in combination with
appropriate physical activity are recommended
[16-18].

Metabolic syndrome:

Classic congenital adrenal hyperplasia signifi-
cantly increases the risk of metabolic syndrome.
The patients diagnosed with CAH present in-
creased body fat, increased incidence of over-
weight or obesity, insulin resistance and higher
insulin levels. As a result, these patients suf-
fer from dyslipidemia, abnormalities of carbo-
hydrate metabolism (impaired fasting glucose,
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impaired glucose tolerance, diabetes mellitus)
hypertension and increased risk of cardiovascu-
lar diseases (for instance myocardial infarction).
Combination of healthy, well-balanced diet and
physical activity may also reduce cardiovascu-
lar risk in this group of patients [19, 20].

Psychosocial problems

Patients suffering from congenital adrenal hy-
perplasia have the considerably lower quality
of life in comparison to healthy individuals.
Psychosocial problems in women with CAH re-
sult from hyperandrogenism, especially from
the effects of androgens on central nervous
system functions. These patients often live a
solitary life, have low self-esteem and are less
sexually active. It results in lack of satisfac-
tion during sexual intercourse and lowers their
interest in this aspect of life. Sexual orienta-
tion also varies from controls. Studies show
that women suffering from congenital adrenal
hyperplasia present more often homosexual
and bisexual behaviour than healthy women.

Diagnostic approach in congenital adrenal
hyperplasia

Appropriate diagnosis of congenital adrenal
hyperplasia should firstly aim to determine
the form of the disease that concerns the giv-
en patient. This is based on a clinical picture
with correlation to laboratory findings.

Diagnosis of classic forms of congenital
adrenal hyperplasia

The diagnosis of classic forms of congenital
adrenal hyperplasia to 21-hydroxylase de-
ficiency (210HD) is based on very high se-
rum concentration of 17-hydroxyprogesterone
(170HP), which is the normal substrate for
21-hydroxylase.

Most of the affected neonates have random
concentrations greater than 3500 ng/dL (105
nmol/L). The diagnosis of classic salt-wast-
ing congenital adrenal hyperplasia (SW CAH)
is mostly made in neonates (75 percent are
salt-losing). Routine neonatal screening is
obligatory in many countries and it is per-
formed in 3-5 days after childbirth. It is es-
sential to note that the setting of preterm
babies, birth weight below 2500g and/or dis-
tressed neonates, may lead to false positive
results. Therefore diagnosis of CAH should
include ACTH stimulation test, especially in
ambiguous cases. During this test, a synthet-
ic adrenocorticotropic hormone (Synacthen™)

52

at a dose of 250 ug is injected intravenously.
Then serum 17-hydroxyprogesterone concen-
trations are marked at baseline, 30 and 60
minutes after dosing.

The post-stimulation levels of 17-hydroxypro-
gesterone are increased in classic-salt wasting
congenital adrenal hyperplasia (300-1000 ng/
ml) while in classic-simple virilizing congen-
ital adrenal hyperplasia those are decreased
(100-300 ng/ml).

Other tests used in the diagnosis of CAH in-
clude urinary steroid profiling, which allows
accurate assessment of steroidogenesis ab-
normalities, such as mineralocorticoids and
glucocorticoids.

Complete Blood Count in patients with clas-
sic-salt wasting congenital adrenal hyper-
plasia present with reduced blood levels of
aldosterone and 11-deoxycorticosterone,
however plasma renin activity (PRA) is el-
evated. Moreover, patients present with hy-
pernatremia, hypercalcemia and metabolic
acidosis.

Last but not least, genetic testing with the as-
sessment for CYP21A2 mutation may provide
a diagnosis in up to 90-95% of patients.

Classic simple virilizing congenital adrenal hy-
perplasia (SV CAH) in boys and girls may be
undiagnosed until early childhood when the
signs of precocious maturation develop. Mild
clinical forms of SV CAH are sometimes un-
diagnosed until adult age. The test of choice
is measuring the serum levels of 17-hydroxy-
progesterone (with the normal values equal-
ing < 1-2 ng/ml).

Diagnosis of non-classic
adrenal hyperplasia

NC-CAH diagnosis is similar to the diagnosis of
classic forms of congenital adrenal hyperpla-
sia. Diagnostic criteria involve the determina-
tion of serum 17-hydroxyprogesterone, ACTH
stimulation test, urinary steroid profiling, ge-
netic testing for CYP21A2 mutations.

congenital

The ACTH stimulation test is a test of choice
and usually is decisive in the diagnosis of
non-classic congenital adrenal hyperplasia.

The 17-OHP concentrations following ACTH
stimulation that are typical of NC CAH are most
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commonly in the range of 15-100 ng/ml.

The biochemical findings are less severe in pa-
tients with the non-classic form of the disor-
der in comparison to classic forms of congeni-
tal adrenal hyperplasia.

Differential diagnosis:

Polycystic ovary syndrome (PCOS) may pres-
ent similar clinical picture to CAH due to hy-
perandrogenic symptoms thus it has always
should to be considered in differential diagno-
sis. Adrenal tumours is another condition that
may mimic CAH - in this case, imaging studies
are sufficient in differentiation between those
two entities [11-14, 18, 19].

Treatment

The management of CAH depends on the age
of onset, sex, and the severity of enzyme defi-
ciency. Treatment aims to improve the patient’s
quality of life by correction of hormone defi-
ciency as well as alleviation of the symptoms of
hyperandrogenism. This is done by application
of glucocorticoids (this allows to reduce hyper-
plasia and overproduction of androgens) in as-
sociation with mineralocorticoids.

Glucocorticoid therapy in patients with con-
genital adrenal hyperplasia is very compli-
cated and thus it has to be planned carefully.
The substitutive doses of GCS are sufficient

in the management of adrenocortical insuffi-
ciency but in the majority of the cases it fails
to provide sufficient suppression of ACTH se-
cretion or to prevent hyperandrogenism and
therefore doses should be always adjusted
upon correlation with the clinical picture and
laboratory findings [8, 17].

Combined contraceptive pills are effective in
reducing the signs of hyperandrogenism and
should be always considered in management
planning [20, 21].

Last but not least, treatment of congenital ad-
renal hyperplasia may involve surgery. Bilat-
eral adrenalectomy is seldom used a surgical
technique that has limited indications.

The principal indication is drug-resistant hy-
perandrogenism, in which case adrenalectomy
allows to limit doses of glucocorticoids.

Summary:

Congenital adrenal hyperplasia due to 21-hy-
droxylase deficiency is a disorder that requires
complex treatment and systematic monitoring.
The main task in the care of CAH patients is
to establish appropriate medication doses, im-
prove sexuality and fertility, provide psycho-
logical support and to prevent other diseases,
especially those of cardiovascular system.

Postgraduate medical journal. 1980
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