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ABSTRACT

Congenital adrenal hyperplasia (CAH) is a group of inherited genetic disorders that affect the adrenal
glands, which produce essential hormones such as cortisol, aldosterone, and sex steroids. The most
common form of CAH is caused by a 21-hydroxylase enzyme deficiency resulting from mutations in
the CYP21A2 gene. This deficiency disrupts normal cortisol and aldosterone production, leading to
excessive androgen synthesis and a range of clinical manifestations, including ambiguous genitalia in
females and adrenal crisis in both sexes. Current biomarkers, such as 17-hydroxyprogesterone (17-
OHP), androstenedione, and testosterone, have limitations, and further research on 11-oxygenated
androgens—which are more specific for CAH—is needed. Non-invasive methods, such as measuring
steroids in saliva and urine, are increasingly accessible and useful, particularly for children showing
signs of hyperandrogenism.
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INTRODUCTION

Congenital adrenal hypertrophy or Congenital Adrenal Hyperplasia (CAH) is a group of
inherited genetic disorders that affect the adrenal glands, which are responsible for producing
essential hormones such as cortisol, aldosterone, and sex steroids. The most common form of
CAH is caused by a deficiency of the enzyme 21-hydroxylase, resulting from a mutation in the
CYP21A2 gene. Deficiencies in this enzyme interfere with the normal production of cortisol
and aldosterone, leading to excessive androgen production and a range of clinical
manifestations, including ambiguous genitalia in females and adrenal crises in both sexes
(Omona & Ssanyu, 2025).

CAH is divided into two main types (Kelestimur & Unluhizarci, 2021). The first is
classical CAH, which is diagnosed from birth and characterized by significant hormonal
imbalance that can cause life-threatening adrenal crises and atypical genital development in
females. The second is non-classical CAH, a milder form that often appears in childhood or
adulthood, presenting with androgen-related symptoms such as early puberty or irregular
menstrual cycles in females, while many males may remain asymptomatic (Paparella et al.,
2026).

Globally, the prevalence of CAH varies, ranging from 1 in 5,000 to 1 in 15,000 live births
in the United States and Europe, with higher frequencies reported among certain populations
such as the Yupik people of Alaska. Advances in neonatal screening have significantly
improved early detection and management, thereby enhancing prognosis by identifying the
disorder promptly (Lipkin et al., 2020; Zhang et al., 2023). Epidemiological data in Indonesia
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indicate a relatively high prevalence of CAH, although follow-up treatment remains a major
challenge. Screening results from five cities reported a positive rate of approximately 0.71%.
The need for a comprehensive national newborn screening program in Indonesia is evident,
emphasizing the importance of government support and increased public awareness to improve
diagnosis and treatment.?

Despite global progress in neonatal screening programs, the diagnosis and management
of Congenital Adrenal Hyperplasia (CAH) remain challenging, particularly in developing
countries such as Indonesia. Current reliance on conventional biomarkers—including 17-
hydroxyprogesterone (17-OHP), androstenedione, and testosterone—has several limitations,
including variability influenced by stress, circadian rhythm, and glucocorticoid therapy, as well
as a lack of specificity for CAH. These biomarkers are not exclusively produced by the adrenal
glands, leading to potential misdiagnosis or delayed diagnosis. Furthermore, false-positive and
false-negative results in neonatal screening pose significant risks, ranging from unnecessary
parental anxiety to missed life-threatening adrenal crises. The identification of more specific
biomarkers, such as 11-oxygenated androgens, and the development of non-invasive methods
utilizing saliva and urine specimens offer promising alternatives; however, their clinical
application in Indonesia remains understudied. Therefore, a comprehensive review of current
laboratory examination methods for CAH is urgently required to synthesize the latest evidence,
evaluate the diagnostic accuracy of emerging biomarkers, and provide practical
recommendations for clinicians and laboratory personnel. This review aims to improve early
detection, accurate diagnosis, and optimal management of CAH, thereby reducing morbidity
and mortality associated with the disorder.

Adrenal steroidogenesis occurs through three main pathways: glucocorticoids,
mineralocorticoids, and sex steroids, as illustrated in Figure 2.1. Glucocorticoids (mainly
cortisol), androgens, and estrogens are produced in the zona fasciculata and zona reticularis,
while aldosterone is synthesized in the zona glomerulosa. The hypothalamic—pituitary—adrenal
(HPA) axis regulates these processes through a feedback mechanism involving circulating
cortisol levels. Cortisol exerts negative feedback on the secretion of corticotropin-releasing
factor (CRF) and adrenocorticotropic hormone (ACTH). A decrease in cortisol levels leads to
increased ACTH production, which in turn stimulates excessive synthesis of adrenal products
in pathways unaffected by enzyme deficiency, while precursor molecules accumulate in the
pathways inhibited by the deficiency.
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Figure 1. Normal Pathways of Steroid Production (Steroidogenesis)
Source: Held4

The clinical manifestations of the various forms of Congenital Adrenal Hyperplasia
(CAH) are determined by the deficient and overproduced hormones, as detailed in Table 2.1.
In the case of 21-hydroxylase deficiency (21-OHD CAH), 17-hydroxyprogesterone (17-OHP)
accumulates because of inhibition in the 21-hydroxylation step. This excess 17-OHP is then
directed to the androgen synthesis pathway, where the enzyme 17,20-lyase (also known as
17,20-desmolase) converts it to A4-androstenedione, which is subsequently converted into
active androgens. The most severe form of CAH, known as salt-wasting CAH (SW-CAH), is
characterized by a deficiency of mineralocorticoids. In contrast, in non-classical CAH (NC-
CAH), the enzyme defect is only partial, and salt-wasting is absent in milder forms of the
disease (Podgorski, Podgorska, & Suminska, 2023).

Females with classical 21-hydroxylase (21-OHD) deficiency or 11B-hydroxylase
deficiency are born with virilized external genitalia due to excess adrenal androgen exposure
during a critical period of sexual differentiation. This results in clitoral enlargement, partial
fusion of the labial folds, and a genital appearance resembling male external anatomy.
Virilization is classified into five Prader stages, ranging from clitoromegaly without labial
fusion to a fully penis-like clitoris with scrotum-like labia. Despite these external changes,
internal female reproductive organs develop normally, preserving fertility potential (Andina,
2023).

Without appropriate treatment, children with CAH experience continued androgen
exposure, leading to progressive genital virilization, premature development of pubic and
axillary hair, acne, and accelerated linear growth. Premature puberty and short adult stature are
common due to early epiphyseal closure. Adequate treatment typically normalizes secondary
sexual characteristics, though females may continue to exhibit mild hyperandrogenic signs
such as acne or hirsutism. Male children may experience short stature and fertility difficulties
(Kufoof et al., 2025).
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Severe 21-hydroxylase deficiency results in insufficient aldosterone secretion, causing
salt loss, cortisol deficiency, and androgen excess. Infants with this condition are at risk of
dehydration, hypotension, and adrenal crises, which can occur early in life. Diagnosis can be
challenging in males with normal genitalia, making newborn screening particularly important.

Simple-virilizing CAH (SV-CAH) is characterized by prenatal virilization and postnatal
masculinization with rapid growth and premature epiphyseal closure but without
mineralocorticoid deficiency. Diagnosis in females is often straightforward due to ambiguous
genitalia, whereas in males it usually depends on newborn screening results or physical signs
such as hyperpigmentation (Witchel & Miller, 2021).

Non-classical CAH tends to appear postnatally with mild to moderate symptoms,
including premature pubic hair development, acne, and polycystic ovary syndrome (PCOS)-
like features, without genital ambiguity at birth. This condition may cause premature baldness
and infertility in males, with diagnosis frequently occurring later in life. Infants who test
positive for CAH in newborn screening should be referred to a pediatric endocrinologist for
evaluation and undergo a cosyntropin stimulation test if necessary. In cases where symptoms
arise after infancy, CAH screening should be performed by measuring early morning serum
17-OHP levels using LC-MS/MS. For individuals with borderline 17-OHP values, a complete
adrenocortical steroid profile should be obtained following cosyntropin stimulation to
distinguish 21-OHD from other enzyme deficiencies. Genotyping is recommended only when
adrenocortical results remain unclear, when cosyntropin stimulation cannot be performed
accurately due to glucocorticoid therapy, or for genetic counseling purposes (Speiser et al.,
2018).

Newborns with positive screening results should be monitored by primary healthcare
providers to reassess moderately elevated 17-OHP levels with follow-up testing. If
abnormalities persist, consultation with a pediatric endocrinologist is essential. Second-tier
screening using LC-MS/MS is effective for identifying various forms of CAH, including 1183-
hydroxylase deficiency. Ideally, a cosyntropin stimulation test should be performed 2448
hours after birth, measuring both cortisol and 17-OHP. In individuals presenting with
symptoms beyond infancy, morning serum samples should be analyzed via LC-MS/MS. For
menstruating females, testing should be conducted during the early follicular phase. If initial
17-OHP results are inconclusive, cosyntropin stimulation and genotyping may be used to
confirm the diagnosis of CAH (Bizzarri et al., 2025).

METHOD

The research method used in this article aims to comprehensively examine laboratory
examinations related to Congenital Adrenal Hyperplasia (CAH), particularly in the areas of
screening, diagnostic confirmation, and the development of new biomarkers. Data were
collected through a systematic search of scientific literature from various reliable sources,
including international and national journals, medical textbooks, clinical guidelines, and
research reports relevant to CAH, steroidogenic enzyme deficiencies, and laboratory
examination methods such as 17-hydroxyprogesterone, androstenedione, 11-oxygenated
androgens, and the use of LC-MS/MS. The selected literature was assessed based on its
relevance to the topic, novelty of information, and scientific validity. Data analysis was carried
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out descriptively and qualitatively by comparing findings across studies to obtain a
comprehensive understanding of the role of laboratory examinations in neonatal screening,
confirmatory diagnosis, and monitoring of CAH, as well as identifying the limitations of
conventional biomarkers and the potential development of non-invasive diagnostic methods in
the future.

The instrument used in this study was a literature review matrix developed by the
researcher to systematically extract and organize data from the selected articles. This matrix
included categories such as the authors’ names, publication year, study objectives, laboratory
methods used, biomarker types, sensitivity and specificity values, key findings, and study
limitations. Since this is a literature review, traditional validity and reliability tests (commonly
used in primary research) were not applicable. However, to ensure the quality and
trustworthiness of the synthesized data, source triangulation was applied by comparing findings
across multiple studies with different designs and populations. Additionally, only articles from
reputable, peer-reviewed sources were included. The review followed the principles of
systematic review methodology to minimize selection bias.

Data collection was conducted through a comprehensive search of electronic databases,
including PubMed, Scopus, Web of Science, ScienceDirect, and Google Scholar, between June
and December 2025. The search strategy was developed based on preliminary readings on
CAH to ensure that all relevant aspects of laboratory examination—from neonatal screening to
confirmatory testing and biomarker development—were adequately covered. Reference lists
of the included articles were also hand-searched (snowballing technique) to identify additional
relevant studies. All identified articles were screened based on titles and abstracts, followed by
a full-text assessment against the inclusion criteria.

The data analysis procedure followed the stages of thematic analysis commonly used in
literature reviews: data reduction, data display, and conclusion drawing. First, the data
reduction process involved extracting relevant information from each selected article into the
review matrix, focusing on laboratory methods, diagnostic accuracy, biomarker performance,
and clinical recommendations. Second, data display consisted of organizing the extracted data
into thematic categories corresponding to the main topics of this review: (1) neonatal screening
methods and challenges, (2) confirmatory diagnostic procedures, (3) conventional biomarkers
and their limitations, and (4) emerging biomarkers, including 11-oxygenated androgens and
non-invasive testing methods (saliva and urine samples). Third, conclusion drawing involved
synthesizing findings across studies to identify patterns, consistencies, and contradictions in
the literature, and to formulate evidence-based recommendations for laboratory practice in
CAH diagnosis and monitoring.

No statistical software was used to analyze the data, as this study employed a qualitative
literature review approach. However, Microsoft Excel was utilized to organize the review
matrix and facilitate data management. The synthesis was conducted narratively, comparing
and contrasting findings from different studies to provide a comprehensive overview of the
current state of laboratory examination in CAH and to identify research gaps for future
investigation.
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RESULTS AND DISCUSSION
Laboratory Examination on CAH

Congenital adrenal hyperplasia is a genetic disorder characterized by a deficiency in the
production of adrenal steroid hormones, primarily due to a mutation in the CYP21A2 gene that
encodes the enzyme 21-hydroxylase. Such deficiencies lead to the accumulation of steroid
precursors, especially 17-hydroxyprogesterone (17-OHP), and result in excessive androgen
production. Evaluation of CAH biochemistry is essential for diagnosis, treatment monitoring,
and management of potential complications (Claahsen-Van Der Grinten et al., 2022).
Screening or Screening Inspection

Neonatal screening for 21-hydroxylase (210H) deficiency, the most common form of

CAH, is usually done by measuring the concentration of 17-hydroxyprogesterone (170HP) in
dried blood spots on filter paper. More specific second-level screening, using liquid
chromatography-mass spectrometry/mass spectrometry (LC-MS/MS), can efficiently measure
steroid panels and has successfully diagnosed 11B-hydroxylase (11BOH) deficiency. However,
the primary focus of neonatal screening remains on detecting 210H deficiency.10 In certain
situations, such as in premature, stressed, or sick infants, falsely elevated concentrations of
170HP can be observed. Stratification of 170HP measurements based on gestational age helps
to improve the specificity of diagnosis. Examinations that measure 21-deoxycortisol, an
elevated marker of 210H deficiency, can improve the specificity of neonatal screening.

Finger stick Application of blood Dry in ambient conditions Transport
to DBS card

> ] — [ —

Figure 2. Dried Blood Spot Examination

Source: Garzall

LC-MS/MS is recommended as a second-level test to increase the positive presumption
value on newborn screening for CAH. However, its use in screening programs requires further
evaluation, especially since some studies still report high levels of false negatives with two-
level screening. If the neonal examination results are positive for 210H deficiency during
screening or show clinical signs of CAH (e.g., ambiguous genitals), confirmatory testing is
essential. Although initial LC-MS/MS steroid panels can be diagnostic, cosyntropin
stimulation testing is often required to confirm diagnosis.12 These tests are based on an
increase in adrenal hormone characteristics prior to enzymatic blockage. It is important to know
that 17OHP concentrations can also increase in other types of CAH, such as 11OH deficiency
or P450 Ocsidoreductase (POR), yang requires additional diagnostic considerations
(Kelestimur & Unluhizarci, 2021).

On newborn screening screenings for 21-OHD, it was evident that false positives and
false negatives present significant challenges. False positive results often appear due to several
key factors. First, physiological changes immediately after birth can lead to increased levels of
17-OHP, a marker used in screening. These levels can be higher due to stress at birth, resulting
in false positive results if specimens are collected too early. In addition, premature babies
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whose adrenal glands are not fully developed have high levels of 17-OHP due to a lack of
enzymes. Stress-inducing conditions such as respiratory distress or maternal preeclampsia may
also increase 17-OHP levels.

Early specimen collection in the first two days of life can miss 21-OHD cases because
17-OHP levels often increase later. Doing a second screening can help identify those missed
cases. Immature adrenal function in premature infants characterized by lower levels of 17-OHP
can produce false negatives due to varying enzyme activity at different stages of fetal
development. Increased fetal exposure to maternal cortisol can suppress fetal ACTH hormones
and steroidogenesis, also leading to lower 17-OHP levels and delayed diagnosis (Feng et al.,
2023). Glucocorticoid treatment given to the mother can temporarily lower 17-OHP levels
which has an impact on screening results.

Confirmation Examination of CAH Diagnosis

A confirmatory diagnosis of Congenital Adrenal Hyperplasia (CAH) often involves
comprehensive serum and urine steroid profiling. In 21-hydroxylase (21-OH) deficiency,
cosyntropin stimulation testing remains the gold standard, helping to identify the characteristic
hormonal increase that occurs before the enzymatic block. Urinary steroid profiling, which
encompasses all steroid types, provides an alternative means of distinguishing the various
forms of CAH. Traditional biomarkers such as 17-hydroxyprogesterone (17-OHP) and
androstenedione show high variability, primarily due to acute elevations under stress or
reductions following glucocorticoid administration. These biomarkers are also not exclusively
produced by the adrenal glands, making them susceptible to interference from external factors
such as timing, dosage, and the type of glucocorticoids used (Mizdrak, Ti¢inovi¢ Kurir, &
Bozi¢, 2021). A study involving 24-hour serial sampling of 17-OHP and androstenedione in
adults with classical CAH demonstrated that these biomarkers exhibit circadian variations and
are influenced by both the timing and the type of glucocorticoid therapy (Besci et al., 2022;
Nella et al., 2016).

After infancy, screening for 21-OH deficiency depends on early morning (before 8:00
a.m.) measurements of 17-OHP. Concentrations of 17-OHP greater than 30 nmol/L (1,000
ng/dL) are diagnostic for 21-OH deficiency, while random concentrations exceeding 303
nmol/L (10,000 ng/dL) are typically observed in the classical form of CAH. Conversely, 17-
OHP levels below 6 nmol/L (200 ng/dL) generally rule out non-classical CAH (NCCAH),
especially when measured during the follicular phase in women of reproductive age (Loli,
Menotti, di Filippo, & Giustina, 2025). Cosyntropin stimulation testing remains the preferred
diagnostic tool for non-classical forms of CAH (Nakhleh et al., 2023). In CAH,
dehydroepiandrosterone (DHEA) levels are typically low, whereas 17-OHP and
androstenedione are elevated and diverted to alternative 11-oxygenated androgen synthesis
pathways. These lesser-known adrenal metabolites—such as 11-ketotestosterone—are
bioactive and prominent in CAH. Elevated 11-oxygenated androgen levels have been observed
in patients with 21-hydroxylase-deficient CAH undergoing replacement therapy compared
with age- and sex-matched controls. Increased levels of these metabolites, particularly those
produced by the adrenal glands, correlate with poor long-term disease control and are
associated with comorbidities such as increased adrenal volume, testicular adrenal rest tumors
(TART), menstrual abnormalities, and hirsutism (Mallappa & Merke, 2022).
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The procedure for testing dried blood spot (DBS) samples involves collecting blood via
heel prick on filter paper when the newborn is 36—72 hours old. Once received by the
laboratory, a 3.2 mm punch from the card is used for first-tier 17-OHP immunoassay analysis.
If the result is >20.0 nmol/L, a second 3.2 mm punch is analyzed using second-tier LC-MS/MS
steroid profiling. The LC-MS/MS analysis procedure begins with the preparation of chemical
reagents, including steroid standards and internal standards such as carbon-labeled and
deuterated compounds. Hormone-free plasma is used as the calibration matrix, and solvents
such as methanol and acetonitrile are obtained from certified suppliers. A mixed steroid stock
solution is prepared, diluted, and stored at —80°C for calibration (Weisser et al., 2016).

For sample preparation, 200 puL of plasma or control material is mixed with internal
standard, followed by the addition of methanol and ddH:0O, and then centrifuged. The
supernatant is processed through solid-phase extraction (SPE) plates, washed, and dried before
injection into the LC-MS/MS instrument. Analysis is performed using the Waters UPLC
system coupled with a TQ-S mass spectrometer, with separation achieved through a BEH C8
column. Gradient elution and multiple reaction monitoring (MRM) modes are used for steroid
detection. Method validation ensures accuracy, precision, and recovery through calibration
curves, matrix effect assessments, and carryover evaluations, in accordance with CLSI
guidelines (Wille, Coucke, De Baere, & Peters, 2017).

Research on bone maturation and bone density in CAH patients indicates that elevated
17-OHP levels are commonly associated with accelerated bone aging in children, although
studies in adults have produced inconsistent findings regarding bone mineral density.
Dehydroepiandrosterone sulfate (DHEAS), a marker of adrenarche, has limited clinical utility
for CAH monitoring. In adults, persistently high 17-OHP concentrations are linked to higher
body mass index (BMI), menstrual irregularities, and hyperandrogenism, though data on
ovulatory function remain limited.

Adrenal nodules are more frequently observed in untreated CAH patients and tend to
regress with improved biochemical control. High levels of 11-oxygenated androgens have been
associated with TART; however, studies have reported varying results regarding their
usefulness for monitoring such tumors. Recent investigations into 11-ketotestosterone and 11-
hydroxyandrostenedione have also yielded mixed findings, suggesting potential clinical value
that warrants further study. Overall, neonatal screening strategies and advanced biochemical
testing are essential for the early detection and effective management of CAH, with LC—
MS/MS analysis and cosyntropin stimulation testing playing pivotal roles in confirming the
diagnosis of both classical and non-classical forms of the disorder.

CONCLUSION

Congenital adrenal hypertrophy or Congenital Adrenal Hyperplasia (CAH) is a group of
congenital genetic disorders that affect the adrenal glands, which function to produce essential
hormones such as cortisol, aldosterone, and sex steroids. The most common form of CAH is
caused by a deficiency of the enzyme 21-hydroxylase resulting from mutations in the
CYP21A2 gene. Deficiency of this enzyme disrupts the normal production of cortisol and
aldosterone, leading to excessive androgen synthesis and various clinical manifestations,
including ambiguous genitalia in females and adrenal crises in both sexes.
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Existing biomarkers such as 17-hydroxyprogesterone (17-OHP), androstenedione, and
testosterone have limitations, and further research on 11-oxygenated androgens—which are
more specific to CAH—is urgently needed. Non-invasive methods, such as steroid
measurement in saliva and urine, are increasingly available and beneficial, particularly for
children presenting with signs of hyperandrogenism. Future research should focus on
validating the clinical utility of 11-oxygenated androgens as biomarkers for monitoring
treatment efficacy and long-term outcomes in CAH patients across different age groups.
Additionally, large-scale multicenter studies are necessary to establish normative reference
ranges for non-invasive specimens (saliva and urine) in diverse populations. These efforts
would facilitate the integration of non-invasive testing into routine clinical practice and
improve early detection and management of CAH, particularly in resource-limited settings
such as Indonesia.
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