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Abstract—Congenital adrenal hyperplasia (CAH) 
comprises a group of inherited enzymatic defects 
affecting adrenal steroidogenesis, with 21-
hydroxylase deficiency being the most common 
subtype. This study explored the clinical 
variability, biochemical markers, and diagnostic 
challenges of CAH in Basra Governorate. A 
retrospective cross-sectional record-based study 
was conducted at the Al-Faiha Specialized 
Diabetes, Endocrine, and Metabolism Center in 
Basra, Iraq. Medical records from 2010 to 2025 
were reviewed for 240 patients, of whom 160 met 
the diagnostic criteria for CAH. Data were 
analyzed using SPSS version 26, and descriptive 
and comparative statistics were applied to assess 
demographic patterns, clinical presentations, 
hormonal markers (17-OHP, ACTH, cortisol, and 
DHEA), and growth outcomes. Females 
constituted 74.4% of the cohort. Atypical genitalia 
(72.9% in females) and precocious puberty (37.1% 
in males) were the most common presentations in 
classic CAH. In contrast, non-classic CAH cases 
were more likely to present later with hirsutism 
(55%) and menstrual irregularities. Hormonal 
profiling revealed significantly elevated 17-OHP 
and ACTH levels in classic cases (p < 0.001 and p 
= 0.018, respectively). Karyotyping identified 
discordance between genetic and phenotypic sex 
in several cases, contributing to variability in 
gender assignment. Short stature affected 25.0% 
of patients, and bone age advancement was most 
pronounced in males with classic CAH. Overall, 
the clinical and biochemical profile of CAH in this 
Basra cohort mirrors global patterns but is 
influenced by delayed diagnosis, limited neonatal 
screening, and sociocultural factors. Classic CAH 
typically presents early with more severe 
manifestations, whereas non-classic CAH is likely 
underdiagnosed. Early hormonal and genetic 
testing, together with appropriate psychological 
support, is essential for optimal management. 

Keywords—Congenital Adrenal Hyperplasia 
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INTRODUCTION 

Congenital adrenal hyperplasia (CAH) is a group of 
autosomal recessive disorders caused by genetic 
mutations that impair adrenal steroidogenesis and lead 
to defective cortisol biosynthesis (1). The most 
common etiology is 21-hydroxylase deficiency, which 
accounts for approximately 95% of cases (2). 
Disruption of the steroidogenic pathway results in 
cortisol deficiency and excess androgen production, 
producing virilization and a range of metabolic 
complications. CAH is broadly classified into classic 
and non-classic forms according to the severity of 
enzyme deficiency (3). Classic CAH includes the salt-
wasting and simple virilizing types: the salt-wasting 
form is the most severe, characterized by combined 
cortisol and aldosterone deficiency, whereas the 
simple virilizing form retains sufficient aldosterone to 
avoid salt loss but still causes androgen excess (4). 
Non-classic CAH represents a milder phenotype that 
typically presents later in life with features such as 
hirsutism, menstrual irregularities, infertility in 
females, or early puberty in males (1). Less common 
enzymatic defects include 11β-hydroxylase, 17α-
hydroxylase, and 3β-hydroxysteroid dehydrogenase 
deficiencies, each associated with distinct hormonal 
and clinical profiles (3). 
 
The global prevalence of CAH varies widely, with 
higher rates reported in populations where 
consanguinity is common (5). The incidence of classic 
CAH is estimated at approximately 1 in 10,000 to 1 in 
15,000 live births, although this differs by ethnicity 
and geographic region (6). In Iraq, precise prevalence 
data are lacking because of limited large-scale 
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epidemiological studies. However, a report from the 
Pediatric Endocrine Consultation Clinic in Baghdad 
identified CAH in 62 children, with 82% linked to 
consanguineous marriages, indicating a significant 
regional burden (7). Comparable data from 
neighboring countries show a prevalence of about 1 in 
6,400 in Saudi Arabia and 1 in 9,030 in the United 
Arab Emirates, suggesting that Iraq may have similar 
rates due to shared genetic and sociocultural factors 
(7). 
 
The underlying pathophysiology depends on the 
specific enzyme defect within the adrenal steroid 
biosynthesis pathway (1). In 21-hydroxylase 
deficiency, impaired cortisol production leads to loss 
of negative feedback at the hypothalamic–pituitary 
level, resulting in elevated adrenocorticotropic 
hormone (ACTH) and adrenal hyperplasia (2). In 
severe cases, aldosterone deficiency produces salt-
wasting crises that can be life-threatening during the 
neonatal period (8). Early diagnosis is therefore 
critical to prevent adrenal crises and initiate timely 
hormone replacement (9). Measurement of serum 17-
hydroxyprogesterone (17-OHP) remains the 
cornerstone of diagnosis, as levels are markedly 
elevated in affected individuals (10). Molecular 
confirmation through CYP21A2 mutation analysis 
further refines classification and guides management 
(10). 
 
Clinical manifestations vary according to sex, disease 
severity, and timing of diagnosis. In genetic females 
(XX), excess androgen exposure commonly results in 
ambiguous genitalia at birth, including clitoromegaly 
and labial fusion, despite normal internal reproductive 
organs (11,12). Genetic males (XY) typically appear 
normal at birth but later develop signs of androgen 
excess such as early pubarche, rapid growth, and 
increased muscle mass (12). Salt-wasting CAH, the 
most severe form, presents in early infancy with 
vomiting, dehydration, and electrolyte imbalance and 
may be fatal if untreated (13,14). In contrast, non-
classic CAH often presents during childhood or 
adolescence with hirsutism, menstrual irregularities, 
or hyperandrogenism that can mimic polycystic ovary 
syndrome (PCOS) and delay diagnosis (12,15). Males 
may develop early puberty and premature epiphyseal 
closure, resulting in short adult stature (15). Testicular 
adrenal rest tumors (TARTs) represent an important 

complication in males and may impair fertility and 
testosterone production (16). Rare forms such as 17α-
hydroxylase deficiency present differently, with 
hypertension, hypokalemia, and delayed sexual 
development, highlighting the need for comprehensive 
hormonal and genetic evaluation (18). 
 
Biochemical assessment is central to both diagnosis 
and monitoring. Elevated 17-OHP is the key marker 
in 21-hydroxylase deficiency (19), while increased 
androstenedione and testosterone reflect diversion of 
steroid precursors toward androgen synthesis (20). In 
salt-wasting disease, plasma renin activity (PRA) rises 
because of mineralocorticoid deficiency and is useful 
for assessing treatment adequacy (21). Emerging 
biomarkers, including 11-oxygenated androgens such 
as 11-ketotestosterone and 11β-
hydroxyandrostenedione, show promise as more 
specific indicators of androgen excess (19). 
Additionally, 21-deoxycortisol has been proposed to 
improve the specificity of newborn screening and 
reduce false-positive results (22). Chronic ACTH 
elevation drives adrenal hyperplasia and androgen 
excess, contributing to virilization, hirsutism, and 
precocious puberty (23). Glucocorticoid therapy aims 
to suppress ACTH, but careful dose titration is 
essential to avoid both iatrogenic Cushing syndrome 
and persistent hyperandrogenism (24). 
 
Electrolyte disturbances are a hallmark of salt-wasting 
CAH, which accounts for about 75% of classic cases 
(25). Aldosterone deficiency leads to hyponatremia, 
hyperkalemia, and metabolic acidosis, resulting in 
dehydration and shock if untreated (26). Patients may 
also experience hypoglycemia during illness or fasting 
because of cortisol deficiency (27). Pubertal disorders 
are common: untreated or poorly controlled patients 
often develop precocious puberty with accelerated 
skeletal maturation and reduced adult height (28–30), 
whereas rare forms such as 17α-hydroxylase 
deficiency may cause delayed puberty requiring 
hormone replacement therapy (31,32). Beyond 
physical complications, many patients experience 
significant psychological distress related to gender 
identity, body image, and social stigma, underscoring 
the need for multidisciplinary care (33,34). Fertility 
may also be affected; females may develop chronic 
anovulation and PCOS-like features (35), while 
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TARTs contribute to infertility in up to 56.7% of 
affected males (36). 
 
Management of CAH relies on lifelong hormone 
replacement to correct glucocorticoid and, when 
necessary, mineralocorticoid deficiency (37). 
Glucocorticoids such as hydrocortisone or 
dexamethasone suppress excess ACTH and androgen 
production, while fludrocortisone and sodium 
supplementation are required in salt-wasting forms. 
Stress-dose steroids are essential during illness or 
surgery to prevent adrenal crisis. Selected female 
infants may undergo surgical correction of genital 
ambiguity based on ethical and clinical considerations 
(3). Novel therapies, including modified-release 
hydrocortisone, gene therapy, and enzyme inhibitors, 
are under investigation to improve disease control and 
minimize long-term complications (1). 
 
This study aims to evaluate the demographic 
characteristics and clinical variability of CAH 
patients, analyze key biochemical and hormonal 
abnormalities, and assess puberty-related concerns, 
growth outcomes, and fertility challenges among 
affected individuals. 
 

METHODS 

This study was designed as a retrospective, record-
based analysis conducted at the Al-Faiha Specialized 
Diabetes, Endocrine, and Metabolism Center in Basra, 
Iraq. Medical records of patients diagnosed with 
congenital adrenal hyperplasia (CAH) were reviewed 
over a 15-year period from 2010 to 2025. Data 
extraction was performed retrospectively between 
January 1st, 2025 and June 1st, 2025. The study 
focused on demographic characteristics, clinical 
features, biochemical profiles, hormonal markers, and 
pubertal development parameters associated with 
CAH. Ethical approval and official endorsement were 
obtained from the Basrah Health Directorate. As the 
study utilized deidentified archived medical records 
without direct patient contact, informed consent was 
not required. 

A total of 240 patient records were initially reviewed 
using a convenient inclusive sampling approach. 
Eighty patients were excluded because they did not 
fulfill the established diagnostic criteria, leaving 160 

eligible cases for final analysis. Inclusion criteria were 
based on recognized clinical and hormonal diagnostic 
standards for both classic and non-classic CAH, with 
particular emphasis on the classic form. Patients were 
included if they demonstrated characteristic clinical 
features such as ambiguous genitalia in newborn 
females, signs of precocious or delayed puberty, 
growth abnormalities including advanced bone age 
and accelerated linear growth, or hypertension, 
particularly in older children and adolescents. 
Hormonal criteria included elevated serum 17-
hydroxyprogesterone (17-OHP) as the primary 
diagnostic marker, along with increased adrenal 
androgens such as dehydroepiandrosterone (DHEA) 
and androstenedione. 

Data were categorized into multiple domains. Age 
was grouped into five categories according to World 
Health Organization (WHO) classification (38): 
infants (0–12 months), 1–3 years, 4–12 years, 13–18 
years, and 18 years and above. Sex was recorded as 
male, female, or unknown. Residence was classified 
as urban (Basra city center), rural (peripheral areas of 
Basra Governorate), or other governorates within Iraq. 
CAH type was classified into classic and non-classic 
forms based on clinical presentation and 17-OHP 
levels (3). Classic CAH was defined as basal 17-OHP 
levels >10,000 ng/dL or ACTH-stimulated 17-OHP 
>10,000 ng/dL, while non-classic CAH was defined 
as basal 17-OHP levels between 200–10,000 ng/dL or 
ACTH-stimulated levels between 1,000–10,000 
ng/dL. 

The mode of presentation was documented and 
included menstrual problems (39), atypical genitalia 
(40), delayed puberty (41), hirsutism (42), acne (43), 
hyperpigmentation (44), hypertension (45,46), 
infertility (47), obesity (48), polycystic ovary 
syndrome (PCOS) (49), precocious puberty (50), and 
short stature (51). Family history of CAH among first-
degree relatives was recorded as positive or negative. 
Biochemical parameters collected included 17-OHP, 
ACTH, cortisol, and DHEA levels. Karyotype results 
were documented according to the International 
System for Human Cytogenomic Nomenclature 
(ICNS) (52). Stature was classified as short, normal, 
or tall based on WHO child growth standards (53), 
and bone age was assessed as normal, delayed, or 
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advanced according to the Greulich and Pyle atlas 
(54). 

Statistical analysis was performed using SPSS version 
26.0. Descriptive statistics were applied to summarize 
demographic, clinical, and biochemical 
characteristics. Categorical variables were presented 
as frequencies and percentages, while continuous 
variables were expressed as median and interquartile 
range (IQR). Comparative analyses between classic 
and non-classic CAH groups were conducted using 
the Chi-square test or Fisher’s exact test for 
categorical variables. Independent samples t-tests 
were used to compare continuous variables between 
groups. A p-value of less than 0.05 was considered 
statistically significant. 

RESULTS 

The demographic distribution of 160 enrolled patients 
reveals a predominance of individuals aged over 18 
years (39.4%), followed by children aged 4–12 years 
(18.8%). The infant group (0–12 months) constitutes 
15.6%. Adolescents (13–18 years) and toddlers (1–3 
years) represent 12.5% and 13.8%, respectively. The 
gender distribution is significantly skewed towards 
females, comprising 74.4% of the cross sectional. The 
residential distribution indicates a balanced 
representation from rural (44.4%) and urban (45.0%) 
regions, with a smaller proportion from other 
governorates areas (10.6%). As shown in table (1). 

 
Table 1 Demographic parameters distribution of 

the enrolled patients 
 

Variables 
Frequency 
(No. 160) 

Percentages 

Age 
(years) 

Infant (0-12 months) 25 15.6% 
1–3 years 22 13.8% 
4-12 years 30 18.8% 

13-18 20 12.5% 
>18 63 39.4% 

Gender 
Male 41 25.6% 

Female 119 74.4% 

Address 
Rural 71 44.4% 
Urban 72 45.0% 

Other governorates 17 10.6% 

The data show a significant association between 
gender and classification type, with males more 
frequently represented in the Classic group (40.0%) 
compared to the non-classic group (11.25%) (p = 
0.04). The family history of CAH shows a significant 

association with the classic subtype, where 18.8% 
report a positive history, compared to only 2.5% in the 
non-classic group (P = 0.001).  The negative histories 
in non-classic cases (97.5%) . As shown in table (2). 

Table 2 The association between gender and 
family history and the types of CAH 

 

 
This table illustrates the distribution of clinical 
manifestations among patients with congenital adrenal 
hyperplasia (CAH) according to type and sex. 
Atypical genitalia represented the predominant 
presentation in classic CAH, particularly among 
females (54.7%) and to a lesser extent in males 
(23.4%). In contrast, non-classic females most 
frequently presented with hirsutism (93.6%) and 
menstrual irregularities (81.8%). Precocious puberty 
was observed more commonly in classic males (65%). 
Other manifestations such as infertility, obesity, and 
PCOS were confined mainly to non-classic females. 
As shown in table (3). 
 

Table 3 Mode of presentation distribution among the 
types of CAH 

 

Variables Classic 
Non-

classic 
P 

value 
Total 

Gender 
Male 

32 
(78.0%) 

9 (22.0%) 
0.04 

41 
(25.62%) 

Female 
48 

(40.3%) 
71 

(59.7%) 
119 

(74.38%) 

Family 
history 

Positive 
15 

(88.2%) 
2 (11.8%) 

0.001 

17 
(10.62%) 

Negative 
65 

(45.5%) 
78 

(54.5%) 
143 

(89.38%) 

Mode of presentation 
Classic Non-classic 

P value 
Female Male Female Male 

Menstrual problem 
2 

(18.2%) 
0 (0.0%) 

9 
(81.8%) 

0 
(0.0%) 

--------- 

Atypical genitalia 
35 

(54.7%) 
15 

(23.4%) 
8 

(12.5%) 
6 

(9.4%) 
0.559 

Delayed puberty 
0 

(0.0%) 
0 (0.0%) 

1 
(100.0%) 

0 
(0.0%) 

--------- 

Hirsutism 
3 

(6.4%) 
0 (0.0%) 

44 
(93.6%) 

0 
(0.0%) 

--------- 

Acne 
0 

(0.0%) 
0 (0.0%) 

2 
(100.0%) 

0 
(0.0%) 

--------- 

Hyperpigmentation 
0 

(0.0%) 
1 

(50.0%) 
1 

(50.0%) 
0 

(0.0%) 
0.098 

Hypertension 
0 

(0.0%) 
2 

(100.0%) 
0 (0.0%) 

0 
(0.0%) 

--------- 

Infertility 
1 

(25.0%) 
0 (0.0%) 

2 
(50.0%) 

1 
(25.0%) 

0.754 

Obesity 
0 

(0.0%) 
0 (0.0%) 

6 
(100.0%) 

0 
(0.0%) 

--------- 

PCOS 
0 

(0.0%) 
0 (0.0%) 

3 
(100.0%) 

0 
(0.0%) 

--------- 

Precious puberty 
3 

(15.0%) 
13 

(65.0%) 
2 

(10.0%) 
2 

(10.0%) 
0.519 

Short stature 
4 

(44.4%) 
3 

(33.3%) 
2 

(22.2%) 
0 

(0.0%) 
0.777 

Total 48 34 80 9  
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Patients exhibit markedly elevated 17-OHP levels 
(Median + IQR) (2752.5 + 7125.25), significantly 
higher than non-classic cases (590.0 + 2182.0, P < 
0.001), consistent with the diagnostic hallmark of 
CAH. ACTH is also significantly elevated in classic 
cases (P = 0.018), indicating adrenal hyperactivity. 
However, cortisol and DHEA levels do not differ 
significantly (P = 0.922 and P = 0.398, respectively). 
As shown in table (4). 

 
Table 3.4 The association between the biochemical 

variables and the types of CAH 
 

Variables Classic Non-classic P value 

17 OHP (Median) 
2752.5 + 
7125.25 

590.0 + 
2182.0 

<0.001 

Serum Cortisol (Median) 3.6 + 7.6 12.0 + 11.8 0.922 

ACTH (Median) 
161.0 + 
480.525 

50.0 + 79.580 0.018 

DHEA (Median) 168.4 + 343.95 395.0 + 276.6 0.398 

 

This table highlights the sex distribution within each 
age group, revealing a statistically significant skew (P 
< 0.001) towards male patients in infancy, with 29.3% 
males compared to 10.9% females. This disparity 
persists through early childhood but reverses 
dramatically in the >18 age group, where females 
comprise 52.1% compared to only 2.4% males. As 
shown in table (5). 

 

Table 5 The association between sex and age 
groups in CAH patients 

 
Variables Female XX Male XY P value 

Infant (0-12 months) 13 (10.9%) 12 (29.3%) 

<0.001 
1–3 years 11 (9.2%) 11 (26.8%) 
4-12 years 18 (15.2%) 12 (29.3%) 

13-18 15 (12.6%) 5 (12.2%) 
>18 62 (52.1%) 1 (2.4%) 

 

Karyotype analysis indicates a high rate of unknown 
results in both sexes (approximately 47%). Among 
known results, most females exhibit a 46XX karyotype 
(43.18%), with rare anomalies such as 45XO or 46XY. 
Interestingly, a substantial proportion of males are also 
46XX (41.17%). As shown in table (6). 

 

 

 

 

 

Table 6 Karyotypes in regard to sex in patients of 
CAH 

Initial sex 
assignment 

Karyotype Frequency Percent 

Female 

46xx 19 43.18% 
46xy 1 2.27% 
45XO 1 2.27% 
45 XX 1 2.27% 

Not done 21 47.73% 
Total 43 100% 

Male 
46xx 14 41.17% 
46xy 4 11.76% 

Not done 16 47.06% 
Total 34 100% 

 
There is a significant divergence between initial sex 
assignment and current gender identity (P = 0.04), 
among those initially assigned female, 8.7% of whom 
now identify as male. Conversely, 69.2% of initially 
male-assigned individuals identify as female. As 
shown in table (7). 
 
Table 7 Comparison of Initial Sex Assignment vs. 

Current Gender Identity among patients with 
CAH 

 

 

The relationship between height measurement and age 
in CAH patients indicates that the majority of patients 
fall within the normal stature category (71.88%), with 
short stature affecting 25.0% and tall stature being 
exceedingly rare (3.13%). Short stature is consistently 
present across all age groups. As shown in table (8). 

Table 3.8 The association between length/height 
measurement and age in CAH patients 

 
Age Gender 

Short 
stature 

Normal 
stature 

Tall 
stature 

Total P value 

(0-
12months) 

Male 1(8.3%) 11(91.7%) 0(0%) 12 
0.425 

Female 1(7.7%) 12(92.3%) 0(0%) 13 

(1-3years) 
Male 2(18.2%) 9(81.8%) 0(0%) 11 

0.071 
Female 4(36.36%) 7(63.63%) 0(0%) 11 

(4-12 
years) 

Male 1(8.3%) 9(75%) 2(16.7%) 12 
0.8 

Female 3(16.67%) 12(66.67%) 3(16.67%) 18 

(13-
18years) 

Male 3(60%) 2(40%) 0(0%) 5 
0.062 

Female 4(26.67%) 11(73.33%) 0(0%) 15 

>18 years 
Male 1(100%) 0(0%) 0(0%) 1 

0.08 
Female 20(32.3%) 42(67.7%) 0(0%) 62 

Total 40(25%) 115(71.88%) 5(3.13%) 160  

Initial \ 
Current 

Male (current) 
Female 

(current) 
P value Total 

Male 
(initial) 

4 (30.8%) 9(69.2%) 

0.04 

13 (36.11%) 

Female 
in i t ia l )  

2(8.7%) 21 (91.3%) 23(63.89%) 

Total 6(16.7%) 30(83.3%) 36 (100.0%) 



BJM

Fig

 
Th
ma
wit
non
 

Co
het
wit
hor
set
fur
del
hig
dem
of 
Ba

A 
sub
adu
nea
lik
am
(20
Bo
pat
adr
adu
del

In 
clin
of 

MHS450540 

gure 1 The m

e figure show
ales with clas
th classic CA
n-classic CAH

ongenital adr
terogeneous 
th wide v
rmonal prof
ttings such 
rther compli
layed diagno
gh rates of c
mographic, c
CAH patien

asra. 

female predo
bstantial pr
ulthood (39.4
arly equal. 

kely reflects e
mbiguity, con
022) and H
oyareddy et 
tients are o
renal crisis (
ult presenta
layed diagno

classic CAH
nical feature
males. Pre

mean bone age
and g

ws that bone a
ssic CAH (~8
AH (~5 years)
H (<2 years). 

DISCU

renal hyperp
group of in

variability 
files, and lo
as Iraq, the
icated by li
osis, and soc
consanguinity
clinical, and 
nts managed

ominance (74
roportion o
4%). Rural a
The higher 
earlier recog

nsistent with 
Harshitha &
al. (2023) si
ften missed
(55). The re

ations in th
osis, particula

H, atypical g
e, affecting 7
cocious pub

e advancemen
gender 

age advancem
8 years), follo
), and lowest 

USSION 

plasia (CAH
nherited endo

in clinical
ong-term ou
e manageme
imited neon
ciocultural fa
y. This study
biochemical

d at a specia

4.4%) was o
f patients 

and urban dis
detection r

gnition due to
findings from

& Kalra (2
imilarly repo

d unless they
elatively high
his cohort l
arly in under

genitalia wa
2.0% of fem
berty was a

w

nt by CAH ty

ment is highes
owed by fema

in females w

H) represents
ocrine disord
l presentati
utcomes (3). 
ent of CAH
natal screeni
actors includ
y examined 
l characterist
alized center

observed, wit
presenting 

stributions w
rate in fema
o visible gen
m Mohsin et
2022) (12,1
orted that m
y present w
h proportion
ikely indica
rserved areas

s the domin
males and 42.
also promine

www.jmhsci.o

 
ype 

st in 
ales 
with 

s a 
ders 
ion, 

In 
H is 
ing, 
ding 

the 
tics 
r in 

th a 
in 

were 
ales 
nital 
t al. 
17). 

male 
with 
n of 
ates 
s. 

nant 
0% 
ent, 

pa
cla
adu
irr
pre
rep
pre
dis
(56
PC
of 
rei
be

Fa
cla
for
rec
clu
co
mu
CA
rep
pa
(59
clu
str
its 
mi
rel
19
scr

Bi
ele
AC
co
stu
dis
AC
Th
DH
sam
me

Ka
cli
an
rec
rep

Brit

rg 

rticularly in
assic CAH p
ult females, 
egularities 
esentations. 
ports demon
esents early 
sease presen
6,57). Boyar

COS-like fea
non-classic

inforce the 
tween classic

amily history
assic CAH (
rm (2.5%),
cessive inh
ustering has 
nsanguinity.
ultiple affect
AH in Saudi 
ported famil
tients along
9). Sonawale
ustering in 
ronger famili

more sever
ilder non-cla
latives. Notab
% of classic
reening desp

ochemically
evated 17-h
CTH levels 
nsistent with

udies confirm
scriminator 
CTH stimula
he absence o
HEA likely 
mpling timin
etabolic facto

aryotype ana
inically mean
d genetic 
classification
ported by Ad

tish Journal of M

n males (37
predominant
with hirsuti
(11.2%) be
These patter
nstrating tha

with viriliz
nts later with
reddy et al. (
atures contrib

CAH (55)
establishe

c and non-cl

y showed a 
(18.8%) com

supporting
heritance p
been reporte
Al-Jurayyan

ed children i
Arabia (58),
y history in

with signif
e et al. (2017
autosomal r

ial signal in 
e and recogn

assic cases m
bly, Saroufim
c CAH case
ite positive f

, classic 
hydroxyprog

compared 
h established

m that 17-OH
between CA

ation improve
of significant
reflects horm
ng, treatment
ors. 

alysis in a s
ningful disco

sex, wi
n. Similar 
driaansen et 

Medical & Health

Vol. 8 Issu

7.14%). By 
tly affected 
ism (55.0%)
eing the m
rns closely m

hat classic 
zation, wher
h hyperandr
(2023) also e
bute to delay
). Together, 
ed phenotyp
lassic disease

a stronger a
mpared with 
g the kno
pattern. Sim
ed in popula
n et al. (201
in over half o
, while Shafa
n 57.3% of M
ficant psych
7) further illu
recessive C
classic CAH

nizable phen
may remain 
m et al. (202
s were miss
family histor

CAH show
gesterone (

with non-c
d diagnostic

HP remains th
AH phenoty
es diagnostic
t differences
monal variab

nt adherence,

subset of pa
ordance betw
ith 30.56%

observation
al. (2024) a

h Sciences (BJM

ue 2, February - 2

1

contrast, n
adolescent a

) and menstr
most comm
mirror previ
CAH typica

reas non-clas
rogenic featu
emphasized t
yed recognit
these findi

pic distinct
e. 

ssociation w
the non-clas
wn autosom
milar fami
ations with h
15) documen
of families w
aay et al. (20
Middle East

hosocial burd
ustrated gene

CAH (60). T
H likely refle
notype, wher
undiagnosed

23) reported t
sed on newb
ry (61). 

wed marke
(17-OHP) a
classic disea
 patterns. Pr
he most relia
ypes (19), a
c accuracy (6
 in cortisol a
bility related
, and individ

atients revea
ween phenoty
% undergo
ns have b
and Neves et

MHS) 
 

2026 

779 

non-
and 
rual 
mon 
ous 
ally 
ssic 
ures 
that 
tion 
ngs 
tion 

with 
ssic 
mal 
ilial 
high 
nted 
with 
023) 
tern 
den 
etic 
The 
ects 
reas 
d in 
that 

born 

edly 
and 
ase, 
rior 
able 
and 
64). 
and 

d to 
dual 

aled 
ypic 
oing 
een 
t al. 



British Journal of Medical & Health Sciences (BJMHS) 
 

Vol. 8 Issue 2, February - 2026 

www.jmhsci.org 
BJMHS450540 1780 

(2021), highlighting the impact of prenatal androgen 
exposure on sex assignment and gender development 
(65,66). Gender identity shifts were particularly 
evident among individuals initially assigned male. 
These findings align with Chowdhury et al. (2015), 
who demonstrated that delayed diagnosis in resource-
limited settings can influence gender identity 
outcomes (67). Collectively, this underscores the 
importance of early genetic confirmation and 
longitudinal psychological support. 

Growth impairment remains an important long-term 
concern. Short stature was observed in 25.0% of 
patients, consistent with previous reports that CAH 
adversely affects linear growth (68). Most patients had 
normal height, while tall stature was rare, reflecting 
premature epiphyseal closure from chronic androgen 
excess (69). Similar prevalence of short stature has 
been reported in Saudi cohorts (71). Emerging 
adjunctive therapies such as anastrozole have shown 
promise in improving predicted adult height in 
selected patients (72). Bone age advancement was 
most pronounced in males with classic CAH, 
consistent with the known relationship between 
androgen excess and accelerated skeletal maturation 
(73). Multicenter studies by Troger et al. (2021) and 
Wasniewska et al. (2020) further confirm that bone 
age advancement is a key determinant of 
compromised adult height (74,75), reinforcing the 
need for individualized treatment strategies (76). 

Overall, this study highlights the complex clinical 
spectrum of CAH in a regional context. Classic CAH 
is typically identified earlier because of severe 
manifestations such as ambiguous genitalia and salt-
wasting crises, whereas non-classic CAH frequently 
presents later—particularly in females—with 
hyperandrogenic features that contribute to diagnostic 
delay. 

CONCLUSION AND RECOMMENDATIONS 

This study demonstrates that congenital adrenal 
hyperplasia (CAH) presents with marked variability 
according to age, sex, and disease severity. Classic 
CAH typically manifests early with severe features, 
whereas non-classic CAH often appears later with 
milder hyperandrogenic symptoms such as hirsutism 
and menstrual irregularities. Hormonal markers, 
particularly 17-OHP and ACTH, proved valuable in 
differentiating disease forms. The findings also 

highlight ongoing challenges related to sex 
assignment and gender identity, emphasizing the 
importance of early recognition and comprehensive 
care. Accordingly, implementation of national 
neonatal screening using 17-OHP is strongly 
recommended to enable early diagnosis and prevent 
adrenal crises. Establishing regional genetic and 
karyotyping services would improve diagnostic 
accuracy and support appropriate sex assignment. 
Management should involve multidisciplinary CAH 
teams, alongside provision of genetic counseling—
particularly in consanguineous populations, to 
increase awareness of inheritance risks. Regular 
monitoring of growth and bone age is essential to 
detect early growth compromise, and the use of 
structured clinical algorithms is recommended to 
improve identification of non-classic CAH, especially 
in females presenting with PCOS-like features. 
 
Conflicts of Interests: None 
  
Funding: No funding body was involved in this 
study. 
 
Ethical Approvals: Ethical approval for the study 
was obtained from the relevant institutional review 
board, and informed consent was acquired from all 
participants prior to their inclusion in the study. 
 

REFERENCES 
 
1. Tosun b, guran t. Rare forms of congenital adrenal 
hyperplasia. Clinical endocrinology. 2023;101:371 - 85. 
2. Podgórski r, podgórska, d. And sumińska, m. A recent 
overview of non-classic congenital adrenal hyperplasia due to 21-
hydroxylase deficiency: pathophysiology, recognition, and 
management. Pediatria polska-polish journal of paediatrics. 
2023;98(4):307-19. 
3. Grinten c, speiser, p., ahmed, s., arlt, w., auchus, r., 
falhammar, h., flück, c., guasti, l., huebner, a., kortmann, b., krone, 
n., merke, d., miller, w., nordenström, a., reisch, n., sandberg, d., 
stikkelbroeck, n., touraine, p., utari, a., wudy, s., & white, p. 
Congenital adrenal hyperplasia - current insights in 
pathophysiology, diagnostics and management. Endocrine 
reviews. 2021;43(1):91-159. 
4. Yau m gj, New mi. Congenital adrenal hyperplasia: 
diagnosis and emergency treatment south dartmouth (ma): 
mdtext.com, inc.; 2000; 2019 [updated 2019 apr 16. Available 
from: 
https://www.ncbi.nlm.nih.gov/books/nbk279085/table/congn-
adren-hp-emerg.t.types_of_congenit/. 
5. Bongsu r, khalid, k., razali, w., abidin, z., nizam, n., 
rahidin, n., apparow, s., & habib, a. Congenital adrenal 
hyperplasia testing in the malaysian population: real-world data 
sourced from a national reference laboratory. The malaysian 
journal of pathology. 2024;46(2):247-57. 
6. Auchus r. The uncommon forms of congenital adrenal 
hyperplasia. Current opinion in endocrinology & diabetes and 
obesity. 2022;29:263 - 70. 



British Journal of Medical & Health Sciences (BJMHS) 
 

Vol. 8 Issue 2, February - 2026 

www.jmhsci.org 
BJMHS450540 1781 

7. Al-obaidi rgy a-mb, al-zubaidi mak, oberkanins c, 
németh s, al-obaidi ygy. Molecular analysis of cyp21a2 gene 
mutations among iraqi patients with congenital adrenal 
hyperplasia. Enzyme res. 2016;2016(1). 
8. Szczepaniak z, konopka, a., wdowiak, n., lissak, k., 
komarów, m., choinka, m., karasińska, d., & kalisiak, j. Congenital 
adrenal hyperplasia: a review of current knowledge and future 
directions. Quality in sport. 2024;22. 
9. Aveiro-lavrador m, de sousa lages, a., barros, l., & 
paiva, i. Late diagnosis of classic congenital adrenal hyperplasia: 
long-term consequences during adulthood. Endocrinology, 
diabetes & metabolism case reports. 2021;2021(1). 
10. Toms c, fathima, b., r, n., & reji, a. A review on 
congenital adrenal hyperplasia andits management. International 
journal of advanced research in biological sciences (ijarbs). 
2024;2024(11). 
11. Hashemipour m, & saleh, r. The spectrum of clinical, 
hormonal findings in children with congenital adrenal hyperplasia 
in isfahan province; a 20-year review. Hormone molecular biology 
and clinical investigation. 2024;45:105 - 10. 
12. Mohsin f, mahbuba, s., jasim, s., islam, n., nahar, j., 
akhter, s., mollah, a., & azad, k. Clinical presentation of congenital 
adrenal hyperplasia in children: experience in a tertiary care 
hospital of bangladesh. Mymensingh medical journal: mmj. 
2022;31(3):725-32. 
13. Conlon t, hawkes, c., brady, j., & murphy, n. The 
presentation of congenital adrenal hyperplasia in an unscreened 
population. Journal of pediatric endocrinology and metabolism. 
2021;34:1123 - 9. 
14. Rodrigues f, & zacharin, m. Congenital adrenal 
hyperplasia: the importance of screening and clinical assessment. 
Journal of paediatrics and child health. 
2022;59:https://doi.org/10.1111/jpc.16225. 
15. Doyle l, ahmed, s., davis, j., elford, s., elhassan, y., 
james, l., lawrence, n., llahana, s., okoro, g., rees, d., tomlinson, j., 
o'reilly, m., & krone, n. Service evaluation suggests variation in 
clinical care provision in adults with congenital adrenal 
hyperplasia in the uk and ireland. Clinical endocrinology. 
2023;101:386-96. 
16. Liashuk p, liashuk, r., marchuk, y., stankova, n., & 
ruslana, p. Non-classical congenital adrenal hyperplasia. Clinical 
case. International journal of endocrinology (ukraine). 
2023;19(1):79-82. 
17. Harshitha b, & kalra, p. Abstract 64: clinical and 
hormonal profile of congenital adrenal hyperplasia from a tertiary 
centre in india. Indian journal of endocrinology and metabolism. 
2022;26:s26 - s. 
18. Glória j, soares, m., soares, m. P., pereira, c., & sampaio, 
l. Pseudohypoparathyroidism: challenges in early recognition and 
diagnosis of a rare hereditary disorder. Cureus. 2025;17(2). 
19. Bacila i, lawrence, n., badrinath, s., balagamage, c., & 
krone, n. Biomarkers in congenital adrenal hyperplasia. Clinical 
endocrinology. 2023;101:300 - 10. 
20. Kaneto h, isobe, h., sanada, j., tatsumi, f., kimura, t., 
shimoda, m., nakanishi, s., kaku, k., & mune, t. A male subject 
with congenital adrenal hyperplasia due to 21-hydroxylase 
deficiency which was diagnosed at 31 years old due to infertility. 
Diagnostics. 2023;13(3):505. 
21. Abulgassem i, & benrajab, f. Experience with congenital 
adrenal hyperplasia in tripoli children's hospital, libya. Journal of 
diabetes and endocrine practice. 2022;(5):073 - 9. 
22. Curtin b, chandler, d., & holmquist, b. Sat-lb13 clinical 
utility of 21-deoxycortisol in congenital adrenal hyperplasia. 
Journal of the endocrine society. 2020;(4). 
23. Ballal m, shetty, a., & shetty, s. Co-existence of non-
classical congenital adrenal hyperplasia and bartter syndrome 
complicated with central precocious puberty: a rare presentation. 
Biomedicine. 2023;43(4):1347-9. 

24. Barbot m, mazzeo, p., lazzara, m., ceccato, f., & scaroni, 
c. Metabolic syndrome and cardiovascular morbidity in patients 
with congenital adrenal hyperplasia. Frontiers in endocrinology. 
2022;(13). 
25. Tomilina y, chistousova, g., & sofronova, l. The results 
of therapy of congenital adrenal hyperplasia in children in perm 
region. Pediatrician (st petersburg). 2021;12(3):25-30. 
26. Bae h, kim, m., park, h., jang, j., choi, j., lee, s., cho, s., 
& jin, d. Nonclassic congenital lipoid adrenal hyperplasia 
diagnosed at 17 months in a korean boy with normal male 
genitalia: emphasis on pigmentation as a diagnostic clue. Annals 
of pediatric endocrinology & metabolism. 2020;25:46-51. 
27. Lee s, baranowski, e., sakremath, r., saraff, v., & 
mohamed, z. Hypoglycaemia in adrenal insufficiency. Frontiers in 
endocrinology. 2023;(14). 
28. Rosenthal m, morris a. Delayed onset of puberty due to 
17-alpha-hydroxylase deficiency, an atypical form of congenital 
adrenal hyperplasia. Journal of obstetrics and gynaecology canada. 
2021;43:673. 
29. Alam a, agrawal, n., & singh, s. Congenital adrenal 
hyperplasia complicated by gonadotropin-dependent precocious 
puberty. Bmj case reports. 2024;17(3). 
30. Joo e, yoo, m., kim, s., jang, w., & lee, j. Case report: 
development of central precocious puberty in a girl with late-
diagnosed simple virilizing congenital adrenal hyperplasia 
complicated with williams syndrome. Frontiers in endocrinology. 
2024;(15). 
31. Rosenthal m, & morris, a. Delayed onset of puberty due 
to 17-alpha-hydroxylase deficiency, an atypical form of congenital 
adrenal hyperplasia. Journal of obstetrics and gynaecology canada. 
2021;(43):673. 
32. Menon l, raundhal, a., & umalkar, s. A triad to 
diagnosis- congenital adrenal hyperplasia. International journal of 
scientific research. 2024. 
33. Abdelmoula b, ramma, n., yedder, b., bouaziz, i., & 
abdelmoula, b. Female virilization related to congenital adrenal 
hyperplasia and psychological distress. European psychiatry. 
2024;67:s585 - s. 
34. Krone n, & hughes, i. Congenital adrenal hyperplasia. 
Oxford textbook of medicine. 2020. 
35. Claahsen-van der grinten hl sn, falhammar h, reisch n. 
Management of endocrine disease: gonadal dysfunction in 
congenital adrenal hyperplasia. European journal of 
endocrinology. 2021;184(3):r85-97. 
36. Norooziasl s, afshar, z., ghaemi, n., vakili, r., alamdaran, 
s., shaye, z., & eshraqhi, p. Prevalence of testicular adrenal rest 
tumor and factors associated with its development in 6 month to 
18 years-old patients with congenital adrenal hyperplasia. 
International journal of pediatrics. 2021;9(12):15022-8. 
37. Bacila i-a, freeman n, daniel e, sandrk m, bryce j, et al. 
International practice of corticosteroid replacement therapy in 
congenital adrenal hyperplasia - data from the i-cah registry. 
European journal of endocrinology. 2021. 
38. Organization wh. Adolescent health 2023 [available 
from: https://www.who.int/southeastasia/health-topics/adolescent-
health. 
39. A.g s, a.n f. Menstrual problems among women and 
their effect on the work at omdurman military hospital 2018. 
Journal of health, medicine and nursing. 2018;51:82-7. 
40. Tobolsky s, stanley t. Atypical/ambiguous/non-binary 
genitalia. 2020:71-5. 
41. Jonsdottir-lewis e, feld a, ciarlo r, denhoff e, feldman h, 
et al. Timing of pubertal onset in girls and boys with constitutional 
delay. The journal of clinical endocrinology and metabolism. 
2021. 
42. Vedak p. Hair and nail conditions: hypertrichosis and 
hirsutism. Fp essentials. 2022;517:22-6. 
43. Sharma m, gupta a, minocha s. A review on acne. 
Journal of biomedical and pharmaceutical research. 2016;4. 



British Journal of Medical & Health Sciences (BJMHS) 
 

Vol. 8 Issue 2, February - 2026 

www.jmhsci.org 
BJMHS450540 1782 

44. Reddy s, vashi n. Pathophysiology of 
hyperpigmentation. 2017:19-21. 
45. De bhailís á, kalra p. Hypertension and the kidneys. 
British journal of hospital medicine. 2022;83 5:1-11. 
46. Khan l. Pediatric hypertension. Pediatric annals. 
2020;49 4. 
47. Turchi p. Prevalence, definition, and classification of 
infertility. 2015:5-11. 
48. Lau d. The science of obesity. 2020. 
49. Acharya n, acharya s, shukla s, joshi k, gopal u. 
Polycystic ovarian syndrome (pcos) in obese metabolic 
phenotypes. International journal of current research and review. 
2020;12:16-8. 
50. Gangat m, radovick s. Precocious puberty. Minerva 
pediatrica. 2020. 
51. Newell-price j, munir a, debono m. Short stature. Oxford 
medicine online. 2018. 
52. Wong y, tam y, pang k, to k, chan s, et al. Clinical 
heterogeneity in children with gonadal dysgenesis associated with 
non-mosaic 46,xy karyotype. Journal of pediatric urology. 
2017;13 5:508-. 
53. Fenton tr, gilbert n, elmrayed s, fenton cj, boctor dl. 
What is normal growth? Principles, practicalities and pitfalls of 
growth assessments in infants and children. Annals of nutrition 
and metabolism. 2024;80(suppl. 1):7-17. 
54. Udoaka a, didia b, madueke s. Determination of skeletal 
age in nigerian children: applicalibility of the greulich and pyle 
atlas. 2016;1:13-6. 
55. Boyareddy h, kalra, p., & dharmalingam, m. Clinical 
and hormonal profile of classical 21-hydroxylase deficiency 
congenital adrenal hyperplasia: experience from a tertiary centre 
in india. Indian journal of endocrinology and metabolism. 
2023:413 - 6. 
56. Kim m, tseng, t., koppin, c., & geffner, m. Congenital 
adrenal hyperplasia in the adolescent. Inhandbook of gynecology. 
2016:79-93. 
57. Prete a, feliciano, c., mitchelhill, i., & arlt, w. Diagnosis 
and management of congenital adrenal hyperplasia in children and 
adults. Advanced practice in endocrinology nursing. 2019. 
58. Al-jurayyan n, osman, a., & arabia, s. The increased 
prevalence of congenital adrenal hyperplasia in saudi arabia: the 
role of consanguinity and multiple siblings involvement. European 
journal of research in medical sciences. 2015;3(1). 
59. Shafaay e, aldriweesh, m., aljahdali, g., babiker, a., 
alomar, a., alharbi, k., aldalaan, h., alenazi, a., alangari, a., 
alsagheir, a., adriaansen, b., van der grinten, h., & alwan, a. The 
clinical characteristics and quality of life of 248 pediatric and 
adult patients with congenital adrenal hyperplasia. Frontiers in 
endocrinology. 2023;14. 
60. Sonawale a, rajadhyaksha, a., warrier, s., shriwastav, r., 
& sabnis, n. Congenital adrenal hyperplasia with 11-beta 
hydroxylase deficiency with testicular adrenal rest tumour. The 
journal of the association of physicians of india. 2017;65(6):97-9. 
61. Saroufim r, nebesio, t., & eugster, e. Characteristics of 
patients with classic congenital adrenal hyperplasia missed on the 
newborn screen. Hormone research in pædiatrics. 2023;97(5):470 
- 6. 
62. Segev-becker a, jacobson r, stein r, eyal o, oren a, et al. 
Women with non-classic congenital adrenal hyperplasia have 
gender, sexuality and quality of life features similar to those of 
non-affected women. Endocrine practice : official journal of the 
american college of endocrinology and the american association of 
clinical endocrinologists. 2020. 
63. Seneviratne s, jayarajah u, gunawardana s, samarasinghe 
m, de silva s. Gender-role behaviour and gender identity in girls 
with classical congenital adrenal hyperplasia. Bmc pediatr. 
2021;21. 
64. Cengiz h, demirci, t., varım, c., & çetin, s. Establishing a 
new screening 17 hydroxyprogesterone cut-off value and 

evaluation of the reliability of the long intramuscular acth 
stimulation test in the diagnosis of nonclassical congenital adrenal 
hyperplasia. European review for medical and pharmacological 
sciences. 2021;25(16):5235-40. 
65. Adriaansen b, utari, a., westra, d., juniarto, a., ariani, m., 
ediati, a., schröder, m., span, p., sweep, f., drop, s., faradz, s., van 
herwaarden, a., & van der grinten, h. 46,xx males with congenital 
adrenal hyperplasia: a clinical and biochemical description. 
Frontiers in endocrinology. 2024;15. 
66. Neves p, toralles, m., & scarpel, r. Vocal profile of 
46,xx individuals with congenital adrenal hyperplasia. Codas. 
2021;33(5). 
67. Chowdhury t, laila, k., hutson, j., & banu, t. Male gender 
identity in children with 46,xx dsd with congenital adrenal 
hyperplasia after delayed presentation in mid-childhood. Journal 
of pediatric surgery. 2015;50(12):2060-2. 
68. Qayyum a, rai, v., memom, r., mahar, s., laghari, t., & 
ibrahim, m. Growth characteristics in children with congenital 
adrenal hyperplasia visiting tertiary care hospital, karachi. 
Pakistan armed forces medical journal. 2023;73(1):96. 
69. Savage m. Linear growth in children and adolescents 
with congenital adrenal hyperplasia. Current opinion in pediatrics. 
2024;36(4):463 - 6. 
70. Gidlöf s, hogling, d., lönnberg, h., ritzén, m., lajic, s., & 
nordenström, a. Growth and treatment in congenital adrenal 
hyperplasia: an observational study from diagnosis to final height. 
Hormone research in pædiatrics. 2023;97(5):445 - 55. 
71. Alzanbagi m, milyani a, al-agha a. Growth 
characteristics in children with congenital adrenal hyperplasia. 
Saudi med j. 2018;39:674-8. 
72. Al-rayess h, wiersma r, turner le, palzer e, munoz ym, et 
al. Anastrozole improves height outcomes in growing children 
with congenital adrenal hyperplasia due to 21-ohd. The journal of 
clinical endocrinology and metabolism. 2024. 
73. Al-rayess h, wiersma, r., turner, l., palzer, e., munoz, y., 
& sarafoglou, k. Anastrozole improves height outcomes in 
growing children with congenital adrenal hyperplasia due to 21-
ohd. The journal of clinical endocrinology and metabolism. 
2024;101(7). 
74. Troger t, sommer g, lang-muritano m, konrad d, 
kuhlmann b, et al. Characteristics of growth in children with 
classic congenital adrenal hyperplasia due to 21-hydroxylase 
deficiency during adrenarche and beyond. The journal of clinical 
endocrinology and metabolism. 2021;107. 
75. Wasniewska m, morabito l, baronio f, einaudi s, salerno 
m, et al. Growth trajectory and adult height in children with 
nonclassical congenital adrenal hyperplasia. Hormone research in 
paediatrics. 2020;93:173-81. 
76. Wasniewska m, morabito, l., baronio, f., einaudi, s., 
salerno, m., bizzarri, c., russo, g., chiarito, m., grandone, a., 
guazzarotti, l., spinuzza, a., corica, d., ortolano, r., balsamo, a., 
abrigo, e., ferroli, b., alibrandi, a., capalbo, d., aversa, t., & 
faienza, m. Growth trajectory and adult height in children with 
nonclassical congenital adrenal hyperplasia. Hormone research in 
pædiatrics. 2020;93(3):173 - 81. 
 


