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ABSTRACT – Objective: This study aimed to demonstrate the potential of integrating genetic and biochemical 
approaches for the rapid and definitive diagnosis of congenital adrenal hyperplasia.

Case presentation: We report the case of a 5-year-old boy presenting with early puberty and significantly 
advanced bone age. Due to a strong suspicion of congenital adrenal hyperplasia, the patient underwent diagnostic 
evaluation incorporating both biochemical and genetic analyses.

Results: Biochemical analysis using ultra-performance liquid chromatography–tandem mass spectrometry re-
vealed a marked accumulation of 17-hydroxyprogesterone, with the steroid profile confirming a pattern characte-
ristic of 21-hydroxylase deficiency. Sanger sequencing identified the pathogenic variant c.515T>A (exon 4) in a 
heterozygous state, while multiplex ligation-dependent probe amplification detected a heterozygous deletion of 
exons 1, 3, 4, 6 and 7 in the CYP21A2 gene. Parental segregation analysis showed that the c.515T>A variant was 
inherited from the father, whereas the large heterozygous deletion originated from the mother.

Conclusions: A multidisciplinary approach integrating biochemical and genetic analyses enables a definitive 
and early diagnosis of congenital adrenal hyperplasia, facilitating appropriate treatment and preventing serious or 
fatal complications associated with the classic form of the disease.
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) is a monogenic autosomal recessive disorder caused by defective ad-
renal steroid hormone synthesis due to enzyme deficiencies or malfunctions in the steroidogenic pathway1.

Steroid 21-hydroxylase deficiency (21-OHD) is the most common cause of CAH, accounting for at least 
90% of cases2,3; however, other enzymes in the same biochemical pathway may also be implicated (Table 1)4.

Table 1. Biochemical pathways involved in different forms of CAH.

Percentage	 Deficient Enzyme	 Substrate	 Product	 Androgen	 Mineralo-
 of CAH					      corticoid

 	 		  Mediates cholesterol 	

Unknown	 Steroidogenic acute	 –	  transport across 	 Deficiency 	 Deficiency	 regulatory protein	  	  the mitochondrial 
			    membrane 
		  Pregnenolone,17-OH 	 Progesterone,	

Unknown 	 3β-hydroxysteroid-	  pregnenolone,	  17-OHP,Δ 	 Deficiency 	 Deficiency	 dehydrogenase	 Dehydroepian-	  -androstenedione 
		   drosterone	

Unknown 	 17α-hydroxylase	 Pregnenolone	 17-OH pregnenolone	 Deficiency	 Excess 		  Progesterone	 17-OH (17-OHP)		
		  Progesterone	 Deoxycorticosterone 
>90%	 21-hydroxylase	 17-hydroxy 		  Excess 	 Deficiency
		   progesterone	 11-deoxycortisol		
5%	 11β-hydroxylase	 Deoxycorticosterone	 Corticosterone	 Excess 	 Excess 

Abbreviations – 17-OH: 17-hydroxy; 11-DC: 11-deoxycortisol; 17-OHP: 17-hydroxyprogesterone; 21-OHD: 21-hydroxylase defi-
ciency. Source: Nimkarn et al5. Reproduced with permission from GeneReviews® (© 1993-2025 University of Washington).

The CYP21A2 gene encodes the 21-hydroxylase enzyme, and point mutations, deletions/duplica-
tions, or gene conversions involving its highly homologous pseudogene (CYP21A1P) can result in enzyme 
deficiency or dysfunction, leading to CAH with variable clinical phenotypes (Table S1).

The disease exhibits a wide spectrum of clinical severity (Table 2). The classic form presents prenatal-
ly with severe enzyme deficiency and is further classified into the salt-wasting (SW) and simple virilizing (SV) 

Source: Nimkarn et al5. Reproduced with permission from GeneReviews® (© 1993-2025 University of Washington).

Table 2. Mean levels and range of response of paternal engagement.

Enzyme activity	 Phenotype	 CYP21A2 pathogenic variant

0%		  •	 Whole-gene deletion (null variant)
		  •	 Large-gene conversion
		  •	 p.Gly111ValfsTer21
		  •	 p.[Ile237Asn;Val238Glu;Met240Lys]
	 Severe (classic)	 •	 p.Leu308PhefsTer6
		  •	 p.Gln319Ter
		  •	 p.Arg357Trp

<1%1		  •	 c.293-13A>G
		  •	 c.293C>G
2–11%		  •	 p.Ile173Asn
		  •	 p.Pro31Leu
~20–50%	 Mild (non-classic)	 •	 p.Val282Leu
		  •	 p.Pro454Ser

https://jim.simmesn.org/wp-content/uploads/2025/02/SUPPLEMENTARY-MATERIAL-1.pdf
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subtypes. The most severe SW form affects approximately 25% of individuals and is characterized by 
adrenal insufficiency, often leading to hypovolemic shock, hyponatremia, hyperkalemia, metabolic aci-
dosis, and, in some cases, hypoglycemia. The less severe SV form accounts for ≥75% of affected individ-
uals and is typically associated with hyperandrogenism, premature adrenarche/puberty, apocrine odor, 
clitoromegaly, rapid growth and accelerated skeletal maturation, which may compromise final height1,5.

The non-classic (NC) form has a postnatal onset and is associated with the mildest enzyme defi-
ciency. The most common reason for medical consultation in these patients is late-onset hyperandro-
genism, which typically manifests during the peri-pubertal stage or adulthood. In adolescence, frequent 
clinical concerns include acne, hirsutism, and oligomenorrhea, a condition that may be clinically indis-
tinguishable from polycystic ovary syndrome. Some affected individuals also exhibit polycystic ovarian 
morphology6.

The initial diagnosis of CAH is typically based on plasma 17-hydroxyprogesterone (17-OHP) levels.  
Measurement techniques include immunoassays and liquid chromatography–tandem mass spectrom-
etry (LC-MS/MS). In borderline cases, an adrenocorticotropic hormone (ACTH) stimulation test (250 µg 
intramuscularly or intravenously) is recommended to confirm the diagnosis. In our laboratory, for LC-
MS/MS plasma measurements, 17-OHP reference range in pediatric population are 0.03–2.65 ng/mL.

When classic CAH is suspected, additional adrenal steroids, including cortisol, aldosterone, an-
drostenedione, and dehydroepiandrosterone sulfate, should be assessed. The mineralocorticoid axis 
should also be evaluated by measuring plasma renin and plasma electrolytes. Genetic testing is strongly 
recommended for all cases in which biochemical findings suggest CAH and is particularly valuable for 
confirming the diagnosis in complex cases6.

For molecular analysis, Sanger sequencing combined with multiplex ligation-dependent probe am-
plification (MLPA) is commonly used in many laboratories to detect single nucleotide variations, small 
insertions/deletions (indels), and large deletions/duplications in the CYP21A2 gene7,8.

The combination of biochemical and genetic analyses is essential for an accurate and rapid diagnosis 
of CAH. In this study, we report a case with a high suspicion of CAH to demonstrate the potential of inte-
grating genetic and biochemical approaches for a definitive and early diagnosis. Furthermore, parental 
segregation analysis proved useful in refining the patient’s genotype and determining the specific CAH 
subtype.

MATERIALS AND METHODS

Genetic and biochemical analyses were performed using peripheral blood and dried blood spot (DBS) 
samples collected from the patient and parents at the Pediatric Clinic of SS. Annunziata Hospital in Chi-
eti, Italy.

DBS samples were analyzed using an ultra-performance liquid chromatography/tandem mass 
spectrometry (UPLC-MS/MS) system to evaluate blood levels of cortisol (CORT), 21-deoxycortisol, 
11-deoxycortisol (11-DC), 4-androstene-3, 17-dione (4-A), and 17-OHP9. Additionally, the plasma 
steroid profile was quantified by UPLC-MS/MS, measuring CORT, 11-DC, 4-A, 17-OHP, testosterone, 
progesterone, corticosterone, and aldosterone using the CHS™ MSMS Steroids Kit (Revvity®, Turku, 
Finland). The details for quantitative determination in the plasma samples of steroid profile by  UP-
LC-MS/MS are fully described in Supplementary Materials and specifically reported in Tables S2–S3. 
The diagnosis of CAH was confirmed through genetic analysis. Genomic DNA was extracted from pe-
ripheral blood using the MagPurix instrument and the Whole Blood DNA Extraction Kit (Zinexts Life 
Science Corp., Ref: ZP01001, New Taipei City, Taiwan) following the manufacturer’s protocol. Sanger 
sequencing and MLPA were employed to identify point mutations within the CYP21A2 gene and large 
rearrangements involving CYP21A2 and its pseudogene, CYP21A1P. Sanger sequencing was conducted 
using the BigDye™ Terminator v3.1 Cycle Sequencing Kit (Thermo Fisher Scientific, Waltham, MA, USA) 
and the SeqStudio™ Genetic Analyzer System (Thermo Fisher Scientific, Waltham, MA, USA). MLPA 
was performed using the SALSA® MLPA® probemix P050-D1 CAH kit (MRC-Holland, Amsterdam, The 
Netherlands) and analyzed on a 3500 Series Genetic Analyzer (Applied Biosystems, Foster City, MA, 
USA). Copy number variations in CYP21A2 exons 1, 3, 4, 6 and 7 were assessed using Coffalyser® soft-
ware (MRC-Holland, Amsterdam, The Netherlands).

This case report does not require an Ethics Committee approval, as per national law. Written in-
formed consents were obtained from parents to perform procedures and describe the case in the liter-
ature.

https://jim.simmesn.org/wp-content/uploads/2025/02/SUPPLEMENTARY-MATERIAL-1.pdf
https://jim.simmesn.org/wp-content/uploads/2025/02/SUPPLEMENTARY-MATERIAL-1.pdf
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Case Presentation

We report the case of a 5-year-old male proband presenting with early puberty (P3G3, testicular vol-
ume: 3 mL) and significantly advanced bone age of 10 years, as assessed by the Greulich-Pyle method. 
At the time of his initial evaluation, the proband’s height was 125.2 cm, weight 35 kg, and BMI 22.3 kg/
m². To assess the hypothalamic-pituitary-gonadal axis, a luteinizing hormone-releasing hormone stim-
ulation test was performed, revealing follicle-stimulating hormone and luteinizing hormone (LH) levels 
of 2.4 mUI/mL and 4.3 mUI/mL at 60 minutes, respectively, with an LH/follicle-stimulating hormone 
ratio favoring LH (Table S4). Serum 17β-estradiol was undetectable (<10 pg/mL), while testosterone and 
prolactin levels were 1.19 ng/mL and 21.6 ng/mL, respectively. Further endocrine evaluation showed 
elevated ACTH and dehydroepiandrosterone sulfate levels (52.4 pg/mL and 58 pg/mL, respectively), 
both exceeding the normal range for age and sex. Additionally, ACTH stimulation test revealed markedly 
increased baseline 17-OHP levels (>20 ng/mL) and a decrease in cortisol, with no significant increment 
post-stimulation (Table S5). Plasma renin activity was also elevated (168.3 μU/mL). A complete blood 
count, as well as liver, renal, and thyroid function tests, were within normal limits for age. These findings 
strongly suggested CAH, consistent with the non-classic form of 21-OHD.

Biochemical and genetic analyses were conducted in our laboratory. The biochemical evaluation 
revealed a marked accumulation of 17-OHP, and the steroid profile confirmed the diagnosis of CAH 
with a pattern characteristic of 21-OHD. The DBS and plasma steroid concentrations of the patient 
are presented in Tables 3 and 4, respectively. For molecular analysis, Sanger sequencing identified the 
pathogenic variant c.515T>A in exon 4 of the CYP21A2 gene in a homozygous state, suggesting an SV 
form of CAH (Figure 1A). MLPA analysis detected a heterozygous deletion of exons 1, 3, 4, 6, and 7 in 
CYP21A2 (Figure 1B).

Abbreviations – 4-A: 4-androstene-3,17-dione; 11-DC: 11-deoxycortisol; 17-OHP: 17-hydroxyprogesterone.

Table 3. Dried blood spot steroid concentrations of analytes and the related cut-offs to which our 
laboratory refers, based on a neonatal population.

Analyte	 Value	 Cut-off 

17-OHP	 84.39 ng/mL	 3.60 ng/mL
11-deoxycortisol	 0.21 ng/mL	 7.65 ng/mL
21-deoxycortisol	 8.91 ng/mL	 1.80 ng/mL
4-A	 3.52 ng/mL	 –
Cortisol	 10.51 ng/mL	 –
(17OHP+4A)/cortisol	 8.63 ng/mL	 1.00 ng/mL

Abbreviations – 4-A: 4-androstene-3,17-dione; 11-DC: 11-deoxycortisol; 17-OHP: 17-hydroxyprogesterone.

Table 4. Plasma steroid concentrations of analytes and the related cut-offs to which our laborato-
ry refers, based on a pediatric population.

Analyte	 Value	 Cut-off

17-OHP	 149.96 ng/mL	 0.03–2.65 ng/mL
11-deoxycortisol	 0.32 ng/mL	 0.10–1.56 ng/mL
4-A	 4.18 ng/mL	 0.06–2.60ng/mL
Cortisol	 22.45 ng/mL	 10–330 ng/mL
Testosterone	 1.37 ng/mL	 0.03–9.70 ng/mL
Progesterone	 4.88 ng/mL	 0.07–12.94 ng/mL
Corticosterone	 1.78 ng/mL	 0.80–18.60 ng/mL
Aldosterone	 0.30 ng/mL	 0.05–0.90 ng/mL

https://jim.simmesn.org/wp-content/uploads/2025/02/SUPPLEMENTARY-MATERIAL-1.pdf
https://jim.simmesn.org/wp-content/uploads/2025/02/SUPPLEMENTARY-MATERIAL-1.pdf
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To further characterize the proband’s genotype, parental segregation analysis was performed. MLPA 
and gene sequencing of the parents revealed that the father carried the c.515T>A variant in a hetero-
zygous state, while the mother harbored a large heterozygous deletion of exons 1, 3, 4, 6, and 7 in the 
CYP21A2 gene (Figure 2A and 2B).

As a result, the proband’s genotype was determined to be compound heterozygous for c.515T>A and 
large deletion (c.515T>A/del), consistent with the SV form of CAH.

DISCUSSION

Our patient presented with early puberty and significantly advanced bone age. Blood tests revealed ele-
vated basal 17-OHP levels, which further increased after ACTH stimulation, a biochemical profile initially 
suggestive of the non-classic form of 21-OHD. Given the strong suspicion of CAH, additional biochemical 
and genetic investigations were conducted. DBS analysis demonstrated a marked accumulation of 17-
OHP, and the steroid profile obtained via UPLC-MS/MS confirmed the diagnosis of 21-OHD, displaying 
a characteristic steroidogenic pattern of this congenital disorder. Genetic analysis identified a CYP21A2 
genotype (c.515T>A/del), consistent with the classic SV form of CAH. Sequencing analysis revealed that 
the proband was a compound heterozygote for a severe missense mutation (c.515T>A; p.Ile172Asn) 
inherited from the father and a large deletion (exons 1, 3, 4, 6 and 7) inherited from the mother. Initial-

Figure 1. A, Sanger Sequencing showed the variant c.515T>A in exon 4 of the CYP21A2 gene in homozygous state 
in proband; B, MLPA analysis detected a heterozygous deletion of exons 1, 3, 4, 6, and 7 in CYP21A2 gene in pro-
band. Source: Original.
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ly, genetic analysis erroneously detected a homozygous c.515T>A genotype in the proband; however, 
parental segregation analysis clarified the correct heterozygous genotype. Indeed, due to the presence 
of  heterozygous deletion, Sanger sequencing amplified only one allele, resulting in a false homozygous. 
The c.515T>A variant results in the substitution of isoleucine with asparagine at position 172 of the en-
coded protein (p.Ile172Asn). The large CYP21A2 deletion (exons 1, 3, 4, 6, and 7) has been previously re-
ported in the literature10 but has not been documented in compound heterozygosity with the c.515T>A 
missense variant.

According to the EMQN best practice guidelines11, this variant is classified as pathogenic and is 
responsible for the SV form of CAH, with approximately 1–2% residual 21-hydroxylase activity when 
present in homozygosity or compound heterozygosity. This finding contrasts with the initial clinical 
suspicion of non-classic CAH. Based on the confirmed diagnosis, the patient was started on hydrocor-
tisone therapy (10 mg/m²/day) in three divided doses to centrally suppress adrenal androgen excess. 
The primary therapeutic goal was to stabilize bone age while ensuring normal growth. After 1 year of 
treatment, bone age advanced only slightly, and pubertal progression remained unchanged. This case 
underscores the importance of timely trio analysis and a multidisciplinary approach involving clinical, 
biochemical, and genetic evaluation for the accurate diagnosis of CAH and the implementation of 
targeted therapy.

Based on our review of the literature, the integration of biochemical and genetic analyses has 
been consistently demonstrated as essential for accurately identifying the specific form of CAH12,13. 

Figure 2. A, Sanger Sequencing identified the variant c.515T>A in exon 4 of the CYP21A2 gene in heterozygous 
state in proband’s father; B, MLPA analysis detected a heterozygous deletion of exons 1, 3, 4, 6, and 7 in CYP21A2 
gene in proband’s mother. Source: Original.
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For example, Anastasovska et al13 reported a case of a 14-day-old infant presenting with electro-
lyte imbalance and suspected SW CAH. Biochemical analysis revealed elevated 17-OHP, ACTH and 
testosterone levels. Genetic testing subsequently confirmed the diagnosis by identifying a genotype 
associated with the SW form. Similarly, Nasir et al12 described a case of a 4-year-old boy born to 
consanguineous parents who initially presented with hyponatremia and hyperkalemia, raising suspi-
cion of SW CAH. Further biochemical investigations showed increased 17-OHP and ACTH levels, while 
molecular testing identified compound heterozygosity consistent with the non-classic form, differing 
from the initial clinical suspicion. These cases underscore the critical role of combining biochemical 
and genetic analyses to accurately classify CAH subtypes and guide appropriate management. In this 
paper, we highlighted the importance of CAH screening for the early diagnosis of presymptomatic 
diseases. If the multidisciplinary approach is correctly applied, as described in the work, it could play a 
fundamental role. The synergistic combination of biochemical and genetic analysis allows for a timely 
diagnosis, favoring a rapid initiation of therapy. This process not only improves the patient’s quality 
of life, but also reduces stress and anxiety for the family during the period of diagnostic uncertainty.

CONCLUSIONS

A multidisciplinary approach incorporating clinical, biochemical, and genetic analyses, supported by 
parental segregation, facilitates the early and accurate determination of CAH subtypes in cases of diag-
nostic uncertainty. This enables the implementation of appropriate therapies and helps prevent serious 
or potentially fatal complications associated with the classic form of CAH.

Therefore, our study contributes to expanding the existing literature and enhances the understand-
ing of the biochemical and genetic aspects of congenital adrenal hyperplasia.
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