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Abstract

Congenital adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency accounts for approximately 95% of all CAH cases and is one of
the most common inborn errors of metabolism. While glucocorticoid therapy has significantly improved patient outcomes, the focus has
shifted towards managing the long-term effects. Numerous adverse outcomes have been associated with CAH, including those resulting
from supraphysiological doses of glucocorticoid and mineralocorticoid replacement, excessive adrenal androgen secretion, and elevated
levels of steroid precursors and adrenocorticotropic hormone. Despite advances in treatment, long-term complications persist due to
the inability to replicate physiological hormone secretion fully. In this review, we explore critical aspects of managing CAH, focusing on

cardiometabolic health, bone integrity, fertility, and other significant long-term consequences, informed by the latest literature.
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Introduction

The management of congenital adrenal hyperplasia
(CAH) during the transition from childhood to adulthood
requires careful consideration. Key objectives include
achieving normal growth and puberty, minimizing
virilization, preparing for fertility, and preventing metabolic
complications, all important for improving quality of life in
adulthood (1). Early diagnosis and treatment are essential
for preventing morbidity and mortality. The primary goal
of treatment is to ensure adequate glucocorticoid and
mineralocorticoid replacement while effectively controlling
androgen excess. In clinical practice, glucocorticoid doses
are often administered supra-physiologically or sub-
physiologically to suppress androgen excess. However,
excessive glucocorticoid and mineralocorticoid therapy
may lead to adverse outcomes, such as short stature,
osteoporosis, obesity, and increased cardiovascular risk.

Conversely, inadequate glucocorticoid treatment or poor
compliance can result in androgen excess, leading to
infertility and the development of adrenal rest tumors (2,3).
One significant complication in male patients with CAH is
the development of testicular adrenal rest tumors (TART),
which are the leading cause of infertility in these individuals.
The prevalence of TART varies, but averages around 40 %.
However, rates as high as 94 % have been reported in adults
depending on detection methods, patient age, and disease
severity (4,5).

Since TART can lead to infertility in adulthood, early
diagnosis and adequate treatment during childhood are
important. The preservation of gonadal function is directly
related to tumor size, as an increase in tumor diameter over
time may compromise gonadal function and fertility. TARTs
smaller than 2 cm are challenging to detect by physical
examination, making early imaging and differential
diagnosis from Leydig cell tumors important considerations.
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Histopathologically, TART can be classified into five stages,
with stage 5 representing irreversible damage characterized
by hyalinization, loss of testicular parenchyma, and
obstructive azoospermia, ultimately resulting in infertility

(6).

The etiopathogenesis of TART has not been fully elucidated.
Recent studies have explored the genotype-phenotype
correlation, indicating a higher prevalence of TART,
particularly in salt-wasting forms of CAH (7).

This evidence-based review, which includes good practice
points, was developed by the Adrenal Working Group of the
Turkish Society for Pediatric Endocrinology and Diabetes. We
developed this evidence-based review for the management
of long-term complications, including TARTs in children and
adolescents with CAH.

Final Height

Patients with CAH often fail to reach their target height. Factors
determining the final height at the time of diagnosis include
chronological age, bone age, the adequacy of treatment,
and the degree of hormonal control. Inadequate treatment
can result in androgen excess and early epiphyseal closure.
In addition, high-dose steroid use, especially in infants and
during puberty, can suppress growth and impact final height
(8,9,10). In a cohort study of 104 subjects divided into three
age groups: early childhood (0-5 years), middle childhood (5-
10 years), and adolescence (10-15 years), every 1 mg/m?/day
increase in hydrocortisone dose was associated with a 0.37
cm decrease in predicted height. In this study, hydrocortisone
doses ranged from 9.4 mg/m?/day to 39.2 mg/m?/day and this
effect was observed in cases receiving hydrocortisone doses
above the lowest dose of 9.4 mg/m?/day (11). A meta-analysis
evaluating 35 studies on final height found that patients
receiving mineralocorticoid treatment had better final height
than those who did not. However, it was highlighted that this
difference could be due to patients with a diagnosis of simple
virilizing CAH receiving a delayed diagnosis compared to
those with a salt-wasting CAH diagnosis. Furthermore, recent
improvements in patient care, better nutrition or general
health care, and changes in treatment dosage and preparation
have been suggested as effective factors in improving
patients’ height (12). Bone age is commonly used as a clinical
marker for metabolic control in CAH, and accelerated bone
age indicates inadequate glucocorticoid treatment (13). It is
recommended that annual bone age in cases under the age
of two years be assessed until they reach adult height (14,15).

Obesity, Metabolic Issues, and Cardiovascular Risks

Cardiovascular outcomes related to steroid treatmentin CAH
patients are uncertain. CAH patients have been observed

to exhibit increased systolic blood pressure, diastolic
blood pressure, insulin resistance, and carotid intima
thickness compared to the normal population. However,
no differences have been found in fasting blood glucose
and lipids. Cardiometabolic risk factors are associated
with an increased risk of future cardiac problems. Factors
contributing to this include high-dose glucocorticoid and
mineralocorticoid treatment and uncontrolled androgen
excess. Children and adolescents with CAH tend to have
increased fat accumulation, which is also a contributing
factor to obesity. The primary factor leading to obesity
is the use of supra-physiological doses of glucocorticoids
(16). The key factors in reducing these risks include the
administration of glucocorticoids close to physiological
doses and using the lowest necessary mineralocorticoid
doses (15,16,17). Maintaining a healthy body weight and
body mass index associated with normal blood pressure
is key. However, CAH patients with accompanying
hypertension from the time of diagnosis and those who
develop obesity during follow-up may need to be evaluated
for these comorbidities earlier than recommended by
standard guidelines.

Bone Health

Gonadal and adrenal androgens stimulate the proliferation
and differentiation of osteoblasts in both genders.
Dehydroepiandrosterone sulfate (DHEAS) affects bone
by binding to the androgen receptor and stimulating
osteoblast growth and differentiation. DHEAS and other
adrenal androgens particularly impact bone metabolism
during adrenarche and throughout life. In children with
classical CAH, there is no physiological increase in DHEAS
(18). Glucocorticoids, which are the most important
drugs causing secondary osteoporosis, lead to decreased
bone mineral density (BMD) in CAH patients receiving
lifelong glucocorticoid replacement therapy (19).
Glucocorticoid treatment affects BMD through multiple
mechanisms that result in increased bone resorption and
reduced bone formation, leading to decreased BMD. It
also causes secondary hyperparathyroidism by reducing
intestinal calcium absorption and increasing renal
calcium excretion (20). A lack of physiological increase in
DHEAS at puberty, coupled with high-dose glucocorticoid
treatment, represents a significant contributing factor
to the observed decline in BMD. There are publications
reporting that long-term glucocorticoid replacement
therapy in CAH patients results in normal BMD (21).
In adulthood, it is noted that low-dose glucocorticoid
treatment is associated with normal BMD, and
prednisolone treatment leads to greater BMD reduction
compared to hydrocortisone treatment (22). During the
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transition to adulthood, baseline BMD measurement
can be conducted. To maintain good bone health,
weight-bearing exercises should be combined with age-
appropriate vitamin D and calcium intake (14).

Good practice points:

1.In the follow-up of patients, it is appropriate to carefully
evaluate the growth rate and adjust the treatment dose.
In terms of final height, it is appropriate to evaluate the
growth rate, metabolic control and bone age (1@©00).

2.Patients with CAH should be provided with standard
lifestyle advice (ungraded good practice steatment).

3.Routine screening for cardiac and metabolic
diseases is not recommended (ungraded good practice
steatment).

4.CAH patients should be monitored for the development
of metabolic and cardiac diseases according to standard
guidelines applied to the general population (1@©&®00).

5.There is no data to provide recommendations
regarding bone health in childhood for individuals with
CAH, and routine screening of BMD is not recommended
in adults. However, assessment of BMD is appropriate
for adults who have been exposed to above-average
glucocorticoid doses for an extended period or have
experienced non-traumatic fractures (2000).

Testicular Adrenal Rest Tumors

Diagnosis

Ultrasonography (USG) is the preferred method for
diagnosing and monitoring TARTS, as it can detect nodules
as small as <2 mm. Annual testicular ultrasound is
recommended from early childhood due to its accessibility,
non-invasive nature, and the potential for TART to affect
young children, particularly in those with poorly controlled
CAH. This approach is supported by evidence of disease
progression without obvious clinical symptoms.

One study reported a TART prevalence of 18.3 % in patients
with 21-hydroxylase deficiency aged 2-18 years, making it
one of the few studies to provide long-term follow-up data.
Notably, the youngest case reported in the literature was
a 2-year-old patient. The frequency of TART increases with
age, becoming more common during and after puberty
(4,23,24). In addition, magnetic resonance imaging has not
demonstrated any significant advantages over ultrasound
for detecting or monitoring TART.
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The Relationship Between TART and Specific CAH Phenotypes/
Genotypes

The association between TART and specific CAH phenotypes/
genotypes has not been definitively established. There may
be a bias towards diagnosing TART in patients with salt-
wasting CAH, as these individuals face greater health risks
and are more challenging to manage in terms of hormonal
balance. On the other hand, patients with simple virilizing
CAH are often diagnosed later, and treatment may be less
stable, particularly in low- and middle-income countries.

In our published series, approximately 83 % of the 40 TART
cases in patients with 21-hydroxylase deficiency were of
the salt-wasting type. The CYP21A2 variants detected in this
cohort primarily belonged to groups 0 and A (variants in
CYP21A2 are classified into four groups: Group 0, A, B, and
C, based on residual 21-hydroxylase activity. Group 0 and
Group A are associated with the salt-wasting form. Group
0 (null variants) exhibit 0% enzyme activity, while Group
A variants have minimal residual activity (<1 %). Group B
variants retain approximately 2 % residual enzyme activity,
and Group C variants have 20-50 % residual activity (37) with
the mutations ¢.293-13C>G and ¢.955C>T (p.GIn319Ter)
being the most common (7,17). In addition, in cases of
TART associated with 11 B-hydroxylase deficiency, the most
frequently detected variant was c.896T > C (p.Leu299Pro).
The fact that TART is reported more frequently in the classical
forms of CAH compared to non-classical forms supports this
observation. However, it is important to note that TART does
not develop in all poorly controlled patients (7,25,26).

Treatment

The presence of high concentrations of adrenocorticotropic
hormone (ACTH) receptors in TART tissues stimulates tumor
growth, making ACTH suppression crucial in preventing the
development of TART. Currently, no definitive and effective
treatment exists for TART, and future research should focus
on identifying potential drug targets. There are no clear
guidelines for the treatment or prevention of TART, and
current treatment strategies primarily focus on restoring
fertility in adult patients. However, there are no prospective
studies investigating the effect of intensified glucocorticoid
therapy on TART, and high doses are associated with adverse
effects, including hypertension, striae, weight gain, and
impaired final height (27).

Testicular adrenal hyperplasia or small tumors have been
shown to respond better to high-dose glucocorticoid
therapy, leading to a reduction or disappearance of the
tumor when monitored regularly by USG or Doppler scans
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(25). Treatment modulation in well-managed patients
may not be straightforward, as TART resolution typically
requires higher steroid doses, which have implications for
growth and other side effects. In cases where patients are
non-compliant, on sub-therapeutic doses, or inconsistently
taking prescribed hormones, resuming proper therapy has
often been sufficient.

Mitotane has been used to restore fertility in adult patients
with TART. However, it leads to irreversible chemical
adrenalectomy and is recommended only as a last-resort
treatment for fertility (28). Follicle stimulating hormone (FSH)
and human chorionic gonadotropin have been administered
to CAH patients with TART and hypogonadotropic
hypogonadism, resulting in the restoration of testicular
testosterone production and fertility. Successful testicle-
sparing surgeries have been reported in small cohorts of
CAH patients with TART, but gonadal function did not
significantly improve after surgery. TART can cause pain
due to compression of the testicular parenchyma, though
malignancy has not been reported in any cases. Since TART
lacks malignancy markers, such as high mitotic rates or
atypical mitoses, surgery is only indicated for severe pain,
as it does not improve fertility (29).

Treatment Follow-up

Poor hormonal control has been reported in approximately
58 % of TART patients (30,31,32,33). However, not all studies
indicate a direct relationship between poor control and the
development of TART. TART has also been reported in well-
controlled CAH cases. ACTH, 17-hydroxyprogesterone, and
androstenedione can be used as indicators of poor hormonal
control and are thought to contribute to the development
of TART (27,28,29). The presence of TART in rare cases
of non-classical CAH suggests that poor control is not the
only factor involved in its etiopathogenesis. Patients with
the severe salt-wasting form of CAH are likely at higher risk
of TART formation due to prolonged exposure to elevated
ACTH concentrations (33).

This also highlights the relationship between specific
variants and TART development. In Turkey, CYP21A2
mutations ¢.293-13C> G and ¢.955C>T (p.GIn319Ter), and
the CYP11B1 mutation ¢.896T > C (p.Leu299Pro), have been
associated with a predisposition to TART (7). Patients with
these mutations require more careful monitoring.

Gonadal Function-fertility

There is no definitive predictive parameter for identifying
which patients will develop TART, but it remains a significant
cause of infertility in male CAH patients. Gonadal dysfunction
and infertility, often becoming apparent during puberty, are

adverse outcomes associated with TART. In men, gonadal
dysfunction can stem from primary gonadal failure caused
by TART or secondary gonadal failure due to hypothalamic
suppression as a result of poor hormonal control.

Studies have shown a positive correlation between total
functional testicular volume and sperm parameters, as
well as inhibin B levels. Recent findings indicate that
semen quality in men with CAH is highly compromised,
with 100% of cases considered pathological according to
World Health Organization criteria (34). Given the risk of
irreversible testicular damage with the development of
TART, sperm cryopreservation is recommended. Guidelines
suggest that sperm storage should be considered before
TARTs enlarge significantly (33). There is evidence linking
elevated FSH and low luteinizing hormone (LH) levels to
oligospermia (25). In some cases, successful conception
has been reported following sperm preservation during
TART surgery in azospermic azoospermic patients
(31,35,36).

Further research is needed to determine whether specific
variants in CYP21A2, CYPI11BI, or other regulatory genes
contribute to TART development and infertility risk,
independent of poor hormonal control. Understanding the
genetic basis of TART and its association with infertility may
help identify new treatment strategies.

Methods are described at Part 1 (Clinical, Biochemical and
Molecular Characteristics of Congenital Adrenal Hyperplasia
Due to 21-hydroxylase Deficiency) of this supplement (37).

Good practice points:

1.In the pediatric population, TART screening with
testicular USG every two years starting from the age
of 8 years and annually during the peripubertal period
would be appropriate 2@@H0O0).

2.The incidence of TART is higher in CAH patients with
salt-wasting phenotypes; therefore, close monitoring
of these cases is appropriate (ungraded good practice
steatment).

3.Since ACTH plays a role in TART development, lowering
ACTH may prevent TART formation in CAH patients, and
treatment should focus on this goal 2®@00).

4.1t is appropriate to closely monitor CAH patients
with poor hormonal control with a specific hormone
profile, such as ACTH, 17-hydroxyprogesterone and
androstenedione (2@000).

5.Spermiogram and sperm cryopreservation should
be considered in TART patients due to the high risk of
infertility (2€000).
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6.Annual evaluation of gonadal function is advised by
measuring LH, FSH, testosterone, and inhibin B levels as
appropriate (ungraded good practice steatment).
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