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Abstract. Background and aim: Congenital adrenal hyperplasia (CAH) is a group of autosomal recessive
disorders affecting adrenal steroid synthesis, with 21-hydroxylase deficiency (21-OHD) being the most com-
mon form. The genetic and clinical spectrum of CAH varies globally, necessitating region-specific studies to
optimize diagnosis and treatment. Ai. This study aimed to analyze genetic mutations, clinical presentations,
and biochemical control in CAH patients at Alexandria University Children's Hospital (AUCH), Alexan-
dria, Egypt. Methods: We enrolled 90 patients with suspected CAH based on clinical and biochemical mark-
ers. Genetic testing was conducted, excluding 14 patients with no gene mutations. Data on demographics,
genetic mutations, zygosity, consanguinity, clinical presentations, biochemical profiles, and treatment compli-
ance were collected and analyzed. Results: 76 genetically confirmed CAH patients were studied. CYP21A2
mutations were the most prevalent (71%), followed by CYP11B1 mutations (23.7%). Mutations in HSD3B2,
CYP19A1, and STAR each accounted for about 1%. Consanguinity was reported in 76.3% of cases. Clinical
presentations included adrenal crisis (22.4%), atypical genitalia (31.6%), and both (31.6%). Good compliance
was observed in 71.1% of patients, with 67.1% achieving normal 17(OH) progesterone levels and 76.3%
maintaining normal ACTH levels. Conclusion: The study underscores the genetic diversity and clinical vari-
ability of CAH in Egypt. Effective management and comprehensive genetic analysis are crucial for improving
patient outcomes. The proportion of uncharacterized cases highlights the need for advanced genetic testing.
(www.actabiomedica.it)
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Introduction

Congenital adrenal hyperplasia (CAH) is an
autosomal recessive disease affecting adrenal steroid
synthesis and is the most common cause of genital
ambiguity in 46 XX infants. Gene defects such as
CYP21A2, CYP11B1, and HSD3B2 are known to
cause 21-hydroxylase (21-OH), 11-beta-hydroxylase,

and 3-beta-hydroxysteroid dehydrogenase enzyme
deficiencies, respectively, which are associated with
CAH (1,2).

21-OHD, which accounts for 95% of cases of
congenital adrenal hyperplasia (CAH), is caused by
pathogenic variants in the CYP21A2 gene located in
the class III region of the human major histocompat-
ibility complex on chromosome 6. The salt-wasting
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form affects about 75% of individuals with classic
21-OHD. This form is typically triggered by signifi-
cant gene deletions or intron mutations that result in
complete loss of enzyme activity. The simple virilizing
type of 21-OHD (25%) is mainly due to point muta-
tions causing low but detectable enzyme activity, lead-
ing to adequate aldosterone release but lowered cortisol
levels (3). The non-classical (NC) variant of 21-OHD
is characterized by a mild to moderate enzyme deficit,
postnatal presentation, and eventual development of
hyper-androgenism symptoms (4).

The CYP11B1 gene, situated on chromosome
8q21 around 40 kilobases apart from the nearly similar
CYP11B2 gene, is the cause of 11BOHD mutations.
The CYP11B1 gene includes nine exons and encodes
a 503 amino acid protein belonging to the cytochrome
P450 system. About 5-8% of all instances of CAH
are caused by a defect in 11B-hydroxylase deficiency
(11BOHD), with an annual incidence of 1/100,000-
200,000 live birth (5).

3B-hydroxysteroid ~ dehydrogenase  type 2
(3BHSD?2) deficiency is a rare cause of CAH, with
an estimated birth prevalence of less than 1/1,000,000
and fewer than 200 families reported in the global
literature. It is caused by mutations in the HSD3B2
gene, located on chromosome 1q13.1, which encodes
the type II 3BHSD isoenzyme. These mutations lead
to the type II 3BHSD isoenzyme, which is only ex-
pressed in the adrenal cortex and in steroidogenic cells
within the gonads (6).

Aromatase enzyme, a member of the CytP450 su-
perfamily, is encoded by the CYP19A1 gene on chro-
mosome 15¢21.1. Aromatase (cP450arom) converts
three androgenic precursors into estrone, estradiol, and
estriol, respectively. It is expressed in many body tis-
sues, including the placenta, adipose tissue, skin, ova-
ries, testes, and brain (7).

Lipoid congenital adrenal hyperplasia is due to
a mutation in the Steroidogenic Acute Regulatory
Protein (StAR), through a cleavage event mediated
by the cytochrome P450scc enzyme (encoded by the
CYP11A1 gene on chromosome 15) (8). Diagnosis
and sex assignment decisions rely on physical examina-
tion, chromosomal analysis, hormonal determination,
genotype assessment, and ultrasonography to localize
the gonads and assess the internal genitalia (4,6).

The purpose of CAH therapy is to address cortisol
insufficiency while suppressing ACTH overproduc-
tion. Proper glucocorticoid medication lowers stimu-
lation of the androgen pathway, preventing additional
virilization while enabling normal growth and develop-
ment (9). The typical dose of hydrocortisone (HC) for
treating Classic 21-OHD CAH is 10-15 mg/m?/day,
divided into 2 or 3 doses per day. For non-classical
21-OHD, it is 5-8 mg/m?/day (9). When HC is
unavailable, prednisone (4-6 mg/m?/day) can be used,
preferably reserved for post-pubertal patients (1). Pa-
tients with salt-wasting CAH require treatment with
9o-fludrocortisone acetate and salt supplements. Sur-
gical management may be needed in females with viri-
lizing forms and males with under-virilizing forms of
CAH (10).

The genotype-phenotype correlation in CAH is
complex due to the broad spectrum of mutations and
their variable expression. The severity of the condition
ranges from classic, severe forms apparent at birth to
non-classic forms with milder symptoms diagnosed
later in life (11). Understanding these correlations is
crucial for accurate diagnosis, predicting disease sever-
ity, and tailoring treatment strategies (12).

Objectives of study

This study aims to determine the prevalence and
types of genetic mutations in children with congeni-
tal adrenal hyperplasia (CAH), assess their clinical
presentations and initial biochemical profiles, evalu-
ate the effectiveness of different treatment regimens,
investigate the correlation between genetic mutations
and clinical outcomes, and document family history,
consanguinity, and treatment compliance.

Methods

a. Study design and population: the study was
conducted at the endocrine clinic of the Al-
exandria University Children's Hospital
(AUCH). We initially enrolled 90 children
with suspected CAH based on clinical mani-

and biochemical

festations, examination,

markers.
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b. 'The inclusion criteria were children with
clinical manifestations suggestive of CAH,;
biochemical markers indicative of CAH and
patients who provided genetic confirmation of
CAH mutations.

c. 'The exclusion criteria were patients without
genetic confirmation of CAH and patients or
guardians who did not consent to participate
in the study.

After genetic testing, 14 patients were
found to have no gene mutation and were ex-
cluded, leaving 76 patients with genetically
proven CAH included in the study.

d. Genetic testing: Genetic testing was per-
formed to identify mutations in the
CYP21A2, CYP11B1, HSD3B2, CYP19A1,
and StAR genes. The zygosity of these muta-
tions (homozygous or heterozygous) was also
determined.

e. Clinical evaluation: Detailed clinical as-
sessments were conducted and included the
karyotype and ultrasound imaging to confirm
gender and identify any atypical genitalia;
physical examination for signs of hyperpig-
mentation and stages of virilization accord-
ing to Prader staging; age at first presentation
and neonatal intensive care unit (NICU) ad-
missions, and family history, consanguinity,
and history of sibling deaths due to adrenal
crises.

f. Biochemical profile: Initial biochemical pro-
files included the assessment of serum levels
of 17(OH) progesterone, testosterone, corti-
sol, ACTH, sodium, potassium, and acid-base
balance for the presence of acidosis.

g. Treatment and follow-up: Treatment regi-
mens were documented and included the type
and dosage of steroid replacement therapies
(hydrocortisone or prednisone and fludrocor-
tisone); compliance with treatment, monitored
through regular follow-up evaluations, and as-
sessment of biochemical control and growth
parameters at each visit. Primary outcome
measures included the prevalence and types
of genetic mutations; clinical presentations
and initial biochemical profiles; effectiveness

of treatment regimens for achieving bio-
chemical control; correlation between genetic
mutations and clinical outcomes, and family
history, consanguinity, and compliance with
treatment.

Statistical analysis

Variables are presented as the mean + standard
deviation, median, range and percentages.

Ethics approval and consent to participate

The study was approved by the local ethics com-
mittee of the Faculty of Medicine, Alexandria Uni-
versity (serial number 0201698. IRB NO: 00012098.
FWA NO: 00018699, ). The study was explained to
the participants and their parents, and written con-
sents were taken from parents of all children included
in the study. The study was conducted in accordance
with the ethical standards of Helsinki Declaration and
its later amendments.

Results

We enrolled 90 cases with suspected CAH
based on clinical manifestations, examination, and
biochemical markers. Genetic testing revealed that
14 patients had no gene mutation. Therefore, we
included 76 patients with genetically proven CAH,
who attended the endocrine clinic of the Alexandria
University Children Hospital (AUCH). The majority
of the patients were female, with a female-to-male ra-
tio of 2.45:1. The age ranged from 0.17 to 15.92 years,
with a mean age of 7.18 years. (Table 1). The most
common genetic mutation was CYP21A2, found
in 71% of cases, followed by CYP11B1 in 23.7% of
cases. Other mutations were rare (Table 1). Most pa-
tients (80.3%) had homozygous gene mutations. A
significant proportion had consanguineous parents
(76.3%), with a notable family history of CAH and
sibling deaths due to adrenal crises. Over half of the
patients presented during the neonatal period, with
a significant number admitted to the NICU due to
adrenal crises (Table 2).
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Table 1. Demographic characteristics of children with CAH

and distribution of gene mutations.

Table 3. Karyotyping, hyperpigmentation, Prader staging for

virilization, and genitoplasty.

Demographic data | Number (n=76) Percentage (%) Category | Number (n) | Percentage (%)
Female 54 71.1 Karyotyping (n=76)
Male 22 28.9 46 XX 54 71.1
Age (years) Min-Max 0.17-15.92 46 XY 22 28.9
Mean + SD 7.18 + 4.36 Hyperpigmentation 20 26.3
Median and range | 6.84 (3.42 - 10.55) (n=76)
Gene mutations Number (n=76) | Percentage (%) Prader staging (n=54)
CYP21A2 54 71.0 ! 3 26
CYP11B1 18 23.7 1 o 16.7
HSD3B2 2 2.6 L o 16.7
CYP19A1 1 13 v 20 37.0
StAR 1 13 v 4 74
Genitoplasty (n=54)
Table 2. Zygosity, family history, clinical presentation Yes 48 88.9
and NICU admission. No 6 111
Zygosity Number (n=76) | Percentage (%) Age at genitoplasty (months)
Homozygous 61 80.3 Min-Max 1.0-72.0
Heterozygous 15 19.7 Mean = SD 20.35 + 16.81
Consanguinity 58 76.3 Median and range 17.50
Sibling deaths 9 11.8 (6.50 - 28.50)
Family history 30 39.5
Clinical presentation | Number (n=76) | Percentage (%)
Neonate 2 553 Table 4. Clinical and biochemical profile at first presentation.
Infancy 23 30.3 Category Number (n) | Percentage (%)
Childhood 11 14.5 First presentation (n=76)
NICU admission 31 40.8 Adrenal crisis 17 22.4
Atypical genitalia 24 31.6
Adrenal crisis and atypical 24 31.6
Most patients were female (46 XX), and a large genitalia
number had hyperpigmented external genitalia and Precocious puberty 6 79
various stages of virilization. Genitoplasty was per- Biochemical profile (n-76)
formed in nearly 89% of the affected females, with the Hyponatremia s a5
age at surgery varying widely from 1 to 72 months. -
(Table 3). Hyperkalemia 51 67.1
A significant number of patients were presented Hypokalemia > 66
with both adrenal crises and atypical genitalia. The bi- Acidosis 3 3.9

ochemical profile showed prevalent hyponatremia and
hyperkalemia (Table 4).

Nearly all patients were on steroid replacement
therapy, with the majority receiving hydrocortisone.
Fludrocortisone was used considerably to manage
mineralocorticoid deficiency (Table 5).

Most patients had normal levels of 17(OH) pro-
gesterone and ACTH at the last follow-up. Compli-
ance with treatment was generally good, with 71.1%
adhering to the treatment plan (Table 6).
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Table 5. Treatment and follow-up.

Treatment and
Management Number (n=76) | Percentage (%)
Steroid replacement 75 98.7
Hydrocortisone 48 64.0
Hydrocortisone Min-Max 8.0-30.0
dosage (mg/m?/day)
Mean + SD 14.33 + 4.77
Median and range 13.0

(11.0 - 16.0)
Prednisone 27 36.0
Prednisone dosage Min-Max 3.0-23.0
(mg/m?/day)
Mean + SD 6.0 +3.75
Fludrocortisone 65 85.5
Saline 15 19.7

Table 6. Tanner staging and hormonal profile at last examination.

Category | Number (n) | Percentage (%)
Tanner Staging (Breast, n=54)

1 35 64.8
1I 3 5.6
I 6 11.1
v 2 3.7
\% 8 14.8
Tanner Staging (Pubarche, n=54)

1 29 53.7
11 7 13.0
111 8 14.8
v 3 5.6
\Y 7 13.0
Last Hormonal Profile (n=76)

Normal 17(OH) 51 67.1
Progesterone

High 17(OH) 25 32.9
Progesterone

Normal ACTH 58 76.3
High ACTH 18 23.7
Normal sodium 76 100
Hypokalemia 1 1.3
Normal potassium 75 98.7
Compliance (n=76)

Good compliance 54 71.1
Poor compliance 22 28.9

Discussion

Our study found CYP21A2 to be the most preva-
lent genetic abnormality (71%). This finding is con-
sistent with the literature, which identifies CYP21A2
mutations as the primary cause of congenital adrenal
hyperplasia (CAH).

A study in the United States showed that genetic
abnormalities due to CYP21A2 mutations account
for over 95% of patients with CAH (13). Another
study confirms that more than 90% of CAH cases are
due to CYP21A2 mutations (14). Similarly, a Turk-
ish study (15) reported that the genotype-phenotype
correlation of mutation classification was 91.5%, with
CYP21A2 being the most common mutation. In Saudi
Arabia, CYP21A2 mutations accounted for 87.5% of
CAH cases (16).

Our study identified CYP11B1 mutations in
23.7% of cases, which is significantly higher than com-
monly reported. Typically, the prevalence of CYP11B1
mutations is lower. A study from Izmir found only 4.7%
of CAH cases had 11B-OHD (17). Another study in
Brazil reported a prevalence of CYP11B1 mutations at
around 8% in CAH cases (18). In line with our study,
a Tunisian study reported the frequency of 113-OHD
to be 17.5% of CAH cases (19) and a study from
Morocco reported that 113-OHD accounts for ap-
proximately 12.5-25% of CAH cases (20).

The difference in prevalence rates of CYP21A2
and CYP11B1 in our study might be attributable to
possible demographic or genetic particularities in the
studied cohort. In contrast, mutations in HSD3B2,
CYP19A1, and StAR were found in about 1% of cases
each, aligning with their known rarity in CAH in
many studies (21-23).

The substantial proportion of heterozygous cases
for CYP21A2 (27.78%) in our study is intriguing.
Typically, CAH is an autosomal recessive disorder, and
heterozygosity usually indicates carrier status rather
than disease manifestation. This finding might suggest
the presence of non-classic forms or complex genetic
interactions in these cases. Similar findings were re-
ported by Turan et al. (15) in Turkey, where a diverse
range of genotypes was observed, with significant
genotype-phenotype correlation in 91.5% of cases.
This highlights the importance of detailed genetic
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analysis to understand the full spectrum of muta-
tions. In a study from Argentina, researchers found a
significant number of non-classical CAH cases with
heterozygous mutations, supporting the complexity of
genetic interactions (24).

The clinical presentations associated with differ-
ent mutations in our patients correspond well with
established knowledge. For instance, the correlation
of CYP21A2 mutations with ambiguous genitalia, hy-
ponatremia, and hyperkalemia aligns with the classic
salt-wasting form of CAH. This is consistent with the
findings from a study in Croatia, which reported simi-
lar clinical features in patients with CYP21A2 muta-
tions (23). Additionally, the clinical presentation of
CYP11B1 mutations in our cohort, including signs of
androgen excess, also aligns with several papers pub-
lished in Saudi Arabia and other countries (16,25- 29).

Our results regarding the gender distribution and
age range of CAH patients align closely with findings
from studies conducted in various countries, includ-
ing Saudi Arabia, Turkey, Brazil, the United Kingdom,
and Croatia. This consistency underscores the similar
patterns of clinical presentation and diagnosis timing
across different regions, despite genetic and demo-
graphic variations (16,21,23,25).

The high prevalence of consanguinity in our co-
hort (76.3%) is notable and aligns with findings from
other regions with high rates of consanguinity, such as
the Middle East. A study from Iraq reported a similar
prevalence of consanguineous marriages among CAH
patients, which significantly influenced the genetic
landscape of the disorder in that population (26). This
high rate of consanguinity contributes to the increased
frequency of homozygous mutations observed in our
study (80.3%) (30).

Our study found that 14 out of 90 suspected cases
had no detectable gene mutations. Several studies in-
dicate a significant proportion of clinically diagnosed
CAH cases yield negative genetic tests. Some studies
found that 44% of patients diagnosed with CAH did
not have detectable mutations. Two studies reported
a 37.3% rate of negative genetic tests despite clinical
indications of CAH. Additional research showed that
25% of cases had negative genetic tests. The possible
causes of these findings are multifaceted. The com-

plexity of the CYP21A2 gene region, which includes

pseudogenes and high-sequence homology, makes
mutation detection challenging. Many CAH cases
remain undiagnosed due to mild or rare mutations
not detected by standard tests. In addition, technical
limitations and the genetic region's high-sequence ho-
mology contribute to undetected mutations or misdi-
agnosis, necessitating the use of advanced molecular
strategies for accurate genetic diagnosis (31-38).

Genitoplasty was performed in nearly 89% of
the affected females in our study, with the age at sur-
gery ranging from 1 to 72 months (mean age 20.35 +
16.81 months). This high rate of surgical intervention
is reflective of global practices aimed at correcting am-
biguous genitalia to improve psychosocial outcomes. A
study from the United Kingdom reported that 85% of
female CAH patients underwent genitoplasty, with a
similar age range for the procedure (22). Genitoplasty
was performed in approximately 80% of affected fe-
males, highlighting its widespread acceptance as a
standard treatment for virilized genitalia in CAH (22).

The level of control in our CAH patients, indi-
cated by compliance rates and hormonal profiles, aligns
closely with findings from various international stud-
ies. Most studies report that approximately 65-70%
of patients achieve good control, with the remaining
30-35% showing poor control. Our results, with 71.1%
showing good compliance and 67.1% having normal

17(OH) progesterone levels are consistent with
these global patterns. This comparison underscores the
effectiveness of current treatment protocols but also
highlights the need for continuous monitoring and in-
dividualized management to improve outcomes for all
patients (16, 18, 21, 22, 34).

In summary, while our study corroborates several
established findings in the literature, particularly the
predominance of CYP21A2 mutations in CAH and
their associated clinical presentations, it also high-
lights areas for further research. Notably, the higher
prevalence of CYP11B1 mutations and the significant
number of uncharacterized cases suggest the need
for more comprehensive genetic analysis and possi-
bly the identification of novel mutations. Our find-
ings underline the importance of genetic diversity and
demographic factors in the manifestation of CAH,
emphasizing the need for personalized approaches to
diagnosis and treatment
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