
 
 
 

 
www.EndoText.org 1 

ENDOCRINE HYPERTENSION IN CHILDHOOD AND ADOLESCENCE 
 
Nicolas C. Nicolaides, MD, PhD, Medical School, University of Cyprus, Nicosia, Cyprus. 
nicolaides.nicolas@ucy.ac.cy 
Constantine A. Stratakis, MD, PhD, NICHD, NIH, Bethesda, MD, & Hospital for Endocrine Surgery, HCA, 
Tampa, FL, USA; Human Genetics & Precision Medicine, IMBB, FORTH, Heraklion, Greece; Medical Genetics, H. Dunant 
Hospital & ASTREA Health Athens, Greece; European University of Cyprus, Medical School, Nicosia, Cyprus. 
castratakis@verizon.net 
 
Updated March 1, 2025 
 
ABSTRACT 
 
Hypertension in children and adolescents is defined as 
a blood pressure ≥ 95th percentile (stage 1) or a blood 
pressure ≥ 95th percentile + 12 mmHg (stage 2), 
according to the Clinical Practice Guidelines of 
American Academy of Pediatrics published in 2017. 
Hypertension may be primary or idiopathic or 
secondary due to renal disease (including renal 
vascular abnormalities), cardiovascular disorders, or 
endocrine conditions. Endocrine hypertension might 
be caused by excess amount of steroid (aldosterone, 
deoxycorticosterone, cortisol, and other) or non-
steroid hormones (such as catecholamines for 
example). In addition, a number of renal genetic 
disorders mimic adrenal diseases leading to 
hypertension. In this chapter, we provide an overview 
of the clinical manifestations of several nosological 
entities causing endocrine hypertension in children 
and adolescents and present the diagnostic work up 
and therapeutic management of these conditions. 
   
INTRODUCTION 
 
Hypertension occurs in 3.5% of children and 
adolescence worldwide (1). Its prevalence has 
increased due to the epidemic of pediatric obesity (2). 
The 2017 Clinical Practice Guidelines of American 
Academy of Pediatrics (APP) suggested an updated 
definition of hypertension in children and adolescent 

using tables containing values of systolic and diastolic 
blood pressure adjusted for gender, age, and height. 
According to these guidelines, children or adolescents 
with a blood pressure ≥ 95th percentile are classified 
as stage 1 hypertensive, whereas those with a blood 
pressure ≥ 95th percentile + 12 mmHg are considered 
as stage 2 hypertensive (1). 
 
Hypertension in children and adolescents might be 
primary or secondary. Causes of secondary 
hypertension include renal or renovascular diseases, 
heart diseases (e.g. aortic coarctation), or endocrine 
nosological entities (1, 2). Endocrine hypertension is 
defined as secondary hypertension caused by 
pathologies, such as various states of 
mineralocorticoid, glucocorticoid, or catecholamine 
excess, thyroid or pituitary hormone over-secretion, 
genetic disorders such as congenital adrenal 
hyperplasia (11β-hydroxylase deficiency and 17α-
hydroxylase deficiency), and syndromes caused by 
molecular or chromosomal defects (3). Although the 
list of causes of endocrine hypertension is long, the 
prevalence of endocrine hypertension ranges between 
0,05% to 6% among all causes of secondary 
hypertension (4). In addition to endocrine pathologies, 
the ever-increasing rates of obesity in childhood and 
adolescence have resulted in a dramatic increase of 
obesity-related hypertension with a prevalence of 25% 
ultimately leading to adverse cardiovascular outcomes 
(1, 2). 

http://www.endotext.org/
mailto:nicolaides.nicolas@ucy.ac.cy
mailto:castratakis@verizon.net


 
 

 
www.EndoText.org 2 

 
In this chapter, we review the most common causes of 
endocrine hypertension in children and adolescents. 
 
DISORDERS OF THE ADRENAL CORTEX 
 
Syndromes of Aldosterone Excess 
 
PRIMARY ALDOSTERONISM 
 
Less than 15% of cases in children and adolescents 
with hypertension have been attributed to primary 
aldosteronism, which is characterized by autonomous 
excessive biosynthesis and release of aldosterone by 
the zona glomerulosa of the adrenal cortex (5). Most 
cases of primary aldosteronism are sporadic due to a 
unilateral aldosterone-producing adenoma or bilateral 
adrenal hyperplasia. Less commonly, primary 
aldosteronism results from unilateral adrenal 
hyperplasia (6).  
 
Children and adolescents with primary aldosteronism 
are often asymptomatic; however, the presence of 
resistant hypertension with hypokalemia or an adrenal 
lesion is highly suggestive of the diagnosis (7). 
Endocrinologic evaluation includes the measurement 
of plasma aldosterone concentrations (PAC) and 
plasma renin activity (PRA). The Aldosterone-to-Renin 
Ratio (ARR) remains the most reliable hormonal test 
(8). Indeed, patients with ARR above 27 ng/dL per 
ng/mL/h and PAC above 20 ng/dL 
(hyperaldosteronism) or with ARR within the normal 
range and PAC below 9 ng/dL (not 
hyperaldosteronism) on two serial measurements do 
not need to undergo dynamic tests (9). The dynamic 
tests include salt loading, saline infusion, or 
fludrocortisone administration, which all normally 
cause aldosterone suppression. The patients then 
undergo adrenal imaging with computerized 
tomography (CT) to identify any adrenal nodules or 
unilateral or bilateral adrenal hyperplasia (10). 
 
In cases of lateralization of aldosterone 
overproduction, unilateral laparoscopic 

adrenalectomy is a therapeutic option; otherwise, 
medical treatment with a mineralocorticoid receptor 
antagonist (spironolactone or eplerenone) is highly 
recommended. In patients who do not tolerate 
mineralocorticoid receptor antagonists, an epithelial 
sodium channel blocker, such as amiloride, might be 
administered (11)    
 
FAMILIAL HYPERALDOSTERONISM 
 
Familial Hyperaldosteronism Type I (FH-I) or 
Glucocorticoid Remediable Aldosteronism (GRA) 
 
FH-I or GRA is an autosomal dominant pathologic 
condition caused by the fusion of two genes, the 
cytochrome P450 family 11 subfamily B member 1 
(CYP11B1) encoding for 11β-hydroxylase, and the 
CYP11B2 that expresses aldosterone synthase (12). 
The chimeric gene consists of the adrenocorticotropic 
hormone (ACTH)-responsive promoter region of the 
CYP11B1 gene and the coding region of CYP11B2 
gene resulting in the expression of aldosterone 
synthase under the control of ACTH. Therefore, 
aldosterone is produced ectopically in zona fasciculata 
in an ACTH-dependent fashion (Figures 1 and 2). 
 
Patients younger than 20 years with primary 
aldosteronism or with a family member with primary 
aldosteronism or history of hemorrhagic stroke before 
the age of 40 years should be screened for FH-I (13). 
Hormonal evaluation includes measurements of PAC 
and PRA, dexamethasone suppression of 
aldosterone, and genetic testing. According to the 
protocol of dexamethasone suppression of 
aldosterone, aldosterone is measured before and 
following the administration of 0,5 mg dexamethasone 
every 6 hours for 4 days (14, 15). 
 
The cornerstone of therapeutic management is 
dexamethasone or prednisone at physiologic and 
below physiologic dosing to suppress ACTH, thereby 
leading to decreased production and release of 
aldosterone (16). Second-line options are 
spironolactone or eplerenone or amiloride (17), as 
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above. Most of the time, treatment needs to be titrated 
to the individual carefully and over time, to avoid 

overtreatment with glucocorticoids and to achieve 
normal blood pressure in the long term.  

 

 
Figure 1. Molecular events of Familial Hyperaldosteronism Type I (FH-I) or Glucocorticoid Remediable 
Aldosteronism (GRA). Fusion of CYP11B1 encoding for 11β-hydroxylase, and the CYP11B2 that 
expresses aldosterone synthase results in a chimeric gene leading to ACTH-dependent aldosterone 
secretion. 
     
Familial Hyperaldosteronism Type II (FH-II) 
 
FH-II is the most frequent form of familial 
hyperaldosteronism found in 10% of children and 
adolescents with primary aldosteronism (18, 19). In 
contradistinction to FH-I or GRA, patients with this FH 
type do not respond to synthetic long-acting 
glucocorticoids and do not harbor the chimeric 
CYP11B1/CYP11B2 gene (20). However, it remains 
difficult to distinguish FH-II from sporadic primary 
aldosteronism in terms of adrenal lesions found on CT. 
The molecular basis of FH-II has been attributed to 
gain-of-function mutations in the CLCN2 gene which 
encodes for the chloride channel 2 (Figure 2) (21, 22). 
The increased efflux of chloride in the zona 

glomerulosa results in continuous aldosterone 
secretion. Patients with FH-II are treated with 
mineralocorticoid receptor antagonists (23).     
 
Familial Hyperaldosteronism Type III (FH-III) 
 
FH-III is an autosomal dominant form of FH caused by 
germline gain-of-function mutations in the potassium 
inwardly rectifying channel subfamily J member 5 
(KCNJ5) gene that encodes for the potassium channel 
GIRK4 (Kir3.4) (Figure 2) (24). Patients with FH-III are 
characterized by early-onset severe to resistant 
hypertension, very high PAC, extremely high 18-
oxocortisol and 18-hydroxycortisol concentrations, as 
well as marked bilateral adrenal hyperplasia (25). 
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Treatment options include administration of 
mineralocorticoid receptor antagonists if the case is 
mild or bilateral adrenalectomy in severe cases (17). 
 
Familial Hyperaldosteronism Type IV (FH-IV) 
 
FH-IV should be suspected in children aged less than 
10 years who present with early-onset hypertension 
and primary aldosteronism (13). Patients with FH-IV 
harbor mutations in the calcium voltage-gated channel 
subunit alpha 1H (CACNA1H) gene that encodes for 
the alpha subunit of the voltage-dependent T-type 
calcium channel Cav3.2 (Figure 2). These genetic 
defects resulted in increased calcium influx in the 
cytoplasm of cells within the zona glomerulosa, 

thereby facilitating continuous aldosterone secretion 
(26). Patients may respond to calcium channel 
blockers (4). 
 
Primary Aldosteronism with Seizures and Neurologic 
Abnormalities (PASNA) or Familial 
Hyperaldosteronism Type V? (FH-V?) 
 
Scholl and collaborators have described two children 
with primary aldosteronism, seizures, and neurologic 
abnormalities (27). The patients harbored mutations in 
the CACNA1D gene which encodes the alpha-1 
subunit of the voltage dependent Ca2+ L-type Cav1.3 
channel (27). 

 
 

 
Figure 2. Genetic defects of the types of Familial Hyperaldosteronism (FH). FH-I is caused by the fusion 
of CYP11B1 encoding for 11β-hydroxylase, and the CYP11B2 that expresses aldosterone synthase. The 
molecular basis of FH-II has been attributed to activating mutations in the CLCN2 encoding for the 
chloride channel 2. FH-III is caused by germline activating mutations in the KCNJ5 that expresses the 
potassium channel GIRK4 (Kir3.4). FH-IV has been associated with mutations in the CACNA1H that 
encodes for the alpha subunit of the voltage-dependent T-type calcium channel Cav3.2.    
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Syndromes of Deoxycorticosterone Excess 
 
CONGENITAL ADRENAL HYPERPLASIA 
 
Congenital adrenal hyperplasia is a group of disorders 
characterized by defects in genes encoding for 

enzymes that participate in steroidogenesis (Figure 3). 
Two forms of congenital adrenal hyperplasia, 11β-
hydroxylase deficiency and 17α-hydroxylase 
deficiency, both present with hypertension and 
hypokalemia (28). 

 

 
Figure 3. Biochemical pathways of steroidogenesis. 
  
11β-Hydroxylase Deficiency 
 
This is the second most common form of congenital 
adrenal hyperplasia (5%-8%) which is inherited in an 
autosomal recessive fashion. 11β-hydroxylase 
deficiency results from genetic defects in CYP11B1 
gene, and causes increased production of 
deoxycorticosterone, 11-deoxycortisol, and adrenal 
androgens (29). In addition, PRA is suppressed 
leading to decreased production of aldosterone in the 
zonal glomerulosa and hypokalemia. In girls, 11β-
hydroxylase deficiency is a 46XX disorder of sex 
development (46XX DSD) leading to genital 

virilization. In boys, this form of congenital adrenal 
hyperplasia causes penile enlargement, precocious 
pubarche and puberty, as well as adrenal rests in the 
testicles (30). Hypertension may be present in up to 
65% of patients (31). Treatment includes 
administration of synthetic glucocorticoids to decrease 
ACTH-mediated production of deoxycorticosterone 
and adrenal androgens.   
 
17α-Hydroxylase Deficiency 
 
This form of congenital adrenal hyperplasia is also 
inherited in an autosomal recessive fashion and is 
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caused by defects in the CYP17A gene that encodes 
for 17α-hydroxylase. This enzyme catalyzes 17-
hydroxylation of pregnenolone and progesterone and 
cleaves the side chain of the steroid molecule at 
position 17, 20; thereby displaying lyase activity (28). 
17α-hydroxylase deficiency leads to insufficient 
production of glucocorticoids and sex steroids and 
concurrent accumulation of deoxycorticosterone and 
corticosterone. Patients with 17α-hydroxylase may 
present with 46XY disorder of sex development (DSD) 
and absent Müllerian structures (28), 
hypergonadotropic hypogonadism with lack of 
development of secondary sex characteristics, and 
primary amenorrhea in 46XX individuals (32-34). They 
also display hypokalemic hypertension. The treatment 
basis of 17α-hydroxylase deficiency is 
supplementation with synthetic glucocorticoids.  
 
PRIMARY GENERALIZED GLUCOCORTICOID 
RESISTANCE (CHROUSOS SYNDROME) 
 
Initially described by Chrousos and collaborators (35), 
primary generalized glucocorticoid resistance or 
Chrousos syndrome is a rare endocrinologic condition 
characterized by incomplete resistance of target 
tissues to glucocorticoids (36). This syndrome is 
caused by genetic defects in NR3C1 gene which 
encodes for the human glucocorticoid receptor (37). 

The defective human glucocorticoid receptor (hGR) in 
both the hypothalamus and anterior pituitary causes 
impaired negative feedback loops leading to 
compensatory activation of the hypothalamus-
pituitary-adrenal axis (Figure 4). The increased levels 
of CRH and AVP may cause depression and anxiety, 
while the elevated ACTH concentrations lead to 
adrenal hyperplasia, increased production of steroid 
precursors with mineralocorticoid activity 
(deoxycorticosterone, corticosterone), increased 
biosynthesis and release of adrenal androgens, and 
elevated concentrations of cortisol (38). Patients may 
be asymptomatic or display hypertension with 
hypokalemic alkalosis or present with ambiguous 
genitalia, peripheral precocious puberty, amenorrhea, 
oligoamenorrhea, and decreased fertility (Figure 4). 
As far as endocrinologic work-up is concerned, 
patients with Chrousos syndrome have increased 
urinary-free cortisol excretion, resistance of the 
hypothalamic-pituitary-adrenal axis to increasing 
concentrations of dexamethasone, without any 
stigmata of Cushing’s syndrome. Treatment consists 
of high doses of dexamethasone only in symptomatic 
patients to prevent the development of ACTH-
dependent adrenal adenomas (39). Treatment needs 
to be titrated to the individual carefully and over time, 
to avoid overtreatment with glucocorticoids and 
achieve normal pressure in the long term.  
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Figure 4. Pathophysiology of Chrousos syndrome. ACTH: adrenocorticotropic hormone; AVP: arginine-
vasopressin; CRH: corticotropin-releasing hormone; mGR: mutated Glucocorticoid Receptor; POMC: 
Pro-opiomelanocortin; wtGR: wild-type Glucocorticoid Receptor.  
 
Syndromes of Cortisol Excess 
 
The most common cause of Cushing’s in children and 
adolescents is chronic exogenous administration of 
synthetic glucocorticoids. As far as endogenous 
causes are concerned, hypercortisolism may be 
ACTH-dependent (such as in Cushing’s disease from 
pituitary tumors or ACTH-dependent Cushing 
syndrome from ectopic, non-pituitary tumors) or 
ACTH-independent (Cushing’s syndrome) (Figure 5) 
(40). Hypertension in these patients might be 
attributed to several pathophysiological mechanisms 
that influence substantially peripheral vascular 
resistance, plasma volume, and cardiac output. 
Independently of etiology, 11β-hydroxysteroid 
dehydrogenase type 2 (11HSD2) is less capable of 
converting the active cortisol to the inactive cortisone; 
therefore, the increased cortisol in the renal tubules 

binds to the mineralocorticoid receptor and leads to 
hypertension (41).   
 
ACTH-DEPENDENT CUSHING’S SYNDROME OR 
CUSHING’S DISEASE 
 
Cushing’s disease remains the most common cause 
of endogenous hypercortisolism in children aged more 
than five years and adolescents (42, 43). Usually, an 
ACTH-producing corticotroph pituitary 
neuroendocrine tumor (PitNET) also termed as 
pituitary adenoma, leads to increased biosynthesis 
and secretion of cortisol by zona fasciculata and 
adrenal androgens by zona reticularis (44). 
Hyperandrogenism (testosterone, Δ4-
androstenedione, DHEAS) results in virilization with 
pseudo precocious puberty. Hypokalemic 
hypertension is caused by the saturation of renal 
11HSD2 due to increased cortisol concentrations. 
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Another cause of ACTH dependent Cushing’s 
syndrome is the ectopic production and release of 
ACTH by carcinoid tumors in the thymus, bronchus, or 
pancreas; medullary carcinomas of the thyroid, small 
cell carcinoma of the lung, pheochromocytomas or 
other neuroendocrine tumors (45). Finally, pituitary 
blastomas, although extremely rare, represent a 
cause of Cushing’s disease in infants (46). The 
recommended therapy in patients with Cushing’s 
disease is transsphenoidal surgical excision of the 
adenoma with cure reaching the percentage of more 
than 75% in hands of high-volume surgeons (47). Up 
to 30% of ACTH-producing pituitary adenomas in 
children harbor somatic “hot-spot” mutations in the 
USP8 gene that encodes for the ubiquitin-specific 
protease 8 (Figure 5) which may lead to targeted 
medical therapies in the future (48, 49).  
 
ACTH-INDEPENDENT CUSHING’S SYNDROME 
 
Cushing’s syndrome in childhood and adolescence is 
caused by autonomous (ACTH-independent) 
secretion of cortisol by the adrenal cortex is an 
extremely rare condition. It accounts for 10%-15% of 
hypercortisolemia and is caused by unilateral adrenal 
lesions, including adrenocortical adenomas or 
carcinomas (discussed below), or bilateral 

adrenocortical disorders (50). Bilateral adrenocortical 
hyperplasias (BAHs) account for less than 2% of all 
cases of Cushing’s syndrome in pediatric and adult 
patients (50). BAHs are classified as macronodular 
(nodules with diameter greater than 1 cm) or 
micronodular (nodules with diameter less than 1 cm) 
(51). In addition to the size of nodules identified on 
high-resolution computed tomography (CT), BAHs are 
classified based on the existence of pigmentation on 
pathologic examination. The most common type of 
BAH in children is micronodular adrenocortical 
disease, which is further classified in primary 
pigmented nodular adrenocortical disease (PPNAD) 
and isolated micronodular adrenocortical disease 
(iMAD). PPNAD is characterized by dark brown 
pigmented adrenal micronodules that are surrounded 
by an atrophic cortex and is due to PRKAR1A 
mutations; in contrast, iMAD is characterized by the 
absence of extensive pigmentation and lack of 
PRKAR1A defects (52). Another cause of Cushing’s 
syndrome is primary bilateral macronodular adrenal 
hyperplasia (PBMAH) or massive macronodular 
adrenal hyperplasia (MMAD), which is characterized 
by adrenal nodules with a diameter greater than 1 cm. 
The molecular basis of this condition has been 
ascribed to ARMC5 gene mutations in about 50% of 
the cases (Figure 5) (53). 
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Figure 5. Genetic defects of Cushing’s disease and Cushing’s syndrome. AC: adenylate cyclase; ACTH: 
adrenocorticotropic hormone; AIP: aryl-hydrocarbon receptor-interacting protein; ARMC5: armadillo 
repeat containing 5; BMAH: bilateral macronodular adrenal hyperplasia; Brg1: Brahma-related gene 1; 
Cα: catalytic subunit of PKA; CDKI: cyclin-dependent kinase inhibitor; CDKN1B (also known as 
p27Kip1); CTNNB1: catenin beta 1; DOT1: Disruptor of telomeric silencing 1; EGFR: epidermal growth 
factor receptor; GNAS: Guanine Nucleotide binding protein; GPCR: G-protein-coupled receptor; HDAC2: 
Histone Deacetylase 2; MC2R: melanocortin 2 receptor; MEN1: multiple endocrine neoplasia 1; PDEs: 
phosphodiesterases; PKA: protein kinase A; POMC: Pro-opiomelanocortin; PPNAD: primary pigmented 
nodular adrenocortical disease; PRUNE2: prune homologue 2; PTTG: pituitary transforming gene; Rlα: 
type 1α regulatory subunit of PKA; SDH: succinate dehydrogenase subunit; TR4: testicular orphan 
receptor 4; USP8: ubiquitin-specific peptidase 8.  
    
ADRENOCORTICAL CARCINOMA 
 
Adrenocortical carcinoma is a very rare pathologic 
condition which may occur at any age with a first peak 
before the age of 5 years and a second peak in 
adulthood between the fourth and fifth decades (54). It 
may be present in the context of Li-Fraumeni 
syndrome, which is caused by germline mutations in 
TP53 gene, a tumor suppressor gene located on 
chromosome 17. In contradistinction to adrenocortical 

carcinomas found in adults, mutations in the CTNNB1 
gene that encodes for β-catenin are not frequently 
detected (55). Adrenocortical carcinoma in children 
usually presents with hypertension and increased 
concentrations of adrenal androgens, especially 
DHEAS, causing virilization, early pubarche, altered 
voice timber and irritability.  
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McCUNE-ALBRIGHT SYNDROME 
 
This rare syndrome is characterized by the classic 
triad of cafe-au-lait skin macules, polyostotic fibrous 
dysplasia, and hyperfunctioning endocrinopathies 
(56). The molecular basis of this condition has been 
ascribed to postzygotic somatic activating mutations in 
the GNAS1 gene encoding for the alpha subunit of Gs 
protein (57). Hypertension in McCune-Albright 
syndrome has been associated with Cushing 
syndrome, often seen in infancy, thyrotoxicosis, or 
hypersecretion of growth hormone (58).   
 
CARNEY COMPLEX 
 
Carney complex is inherited in an autosomal-dominant 
fashion and is caused by mutations in the PRKAR1A 
gene (17q22-24) encoding the regulatory subunit type 
I alpha of protein kinase A (59). The cardinal clinical 
manifestations often seen in patients with the complex 
include lentigines, cardiac and breast myxomas, and 
PPNAD that causes ACTH-independent Cushing’s 
syndrome (60, 61). The latter is responsible for 
hypertension in these patients. 
 
DISORDERS OF THE ADRENAL MEDULLA 
 
Conditions with Catecholamine Excess 
 
PHEOCHROMOCYTOMA AND PARAGANGLIOMA 
 
Pheochromocytomas and paragangliomas are rare 
tumors that produce and release excess amount of 
catecholamines into the systemic circulation. They 
both account for 0.5%-2% of hypertension in children 
and adolescents (62). According to Sarathi, 10% of 
pediatric pheochromocytomas and paragangliomas 
are malignant, 20% of them are synchronous bilateral, 
30% are extra-adrenal, and 40% are familial (63). 
These tumors occur more frequently in boys (60%), 
present with hypertension (70%), and may be sporadic 
or in the context of specific syndromes, including 
neurofibromatosis type 1 caused by NF1 gene 
mutations, Von Hippel-Lindau disease type 2 due to 

VHL genetic defects, and multiple endocrine neoplasia 
type 2 caused by mutations in the RET gene (64). 
Rarely, pheochromocytomas and paragangliomas 
may present in paragangliomas syndromes caused by 
germline mutations in genes encoding the subunits D, 
AF2, C, B, and A of succinate dehydrogenase (SDH), 
or in the Pacak-Zhuang syndrome due to activating 
genetic defects in hypoxia-inducible factor 2 alpha 
(HIF2A), or in familial pheochromocytomas 
characterized by Myc-associated protein X (MAX) and 
transmembrane protein 127 (TMEM127) gene 
mutations. Although an ever-increasing number of 
predisposing genes have been identified so far, it is 
worth mentioning that most genetic defects in patients 
with pheochromocytomas and paragangliomas 
remain unidentified (65). Clinical manifestations 
include hypertension in 70%-90% of pediatric patients, 
flushing, hyperhidrosis, palpitations, tremors, 
headaches, nausea and/or vomiting during exercise, 
hyperactivity, or worsening of school performance. 
According to the recently published international 
consensus statement on the diagnostic work-up and 
the therapeutic management of pheochromocytomas 
and paragangliomas (66), the laboratory evaluation 
includes plasma-free or urine (spot or 24-h) levels of 
normetanephrine and metanephrine using liquid 
chromatography. In those children and adolescents 
with elevated concentrations of catecholamines, either 
MRI or CT should be performed for tumor localization 
(66). In cases of multiple and/or metastatic lesions, 
functional imaging, including [68Ga]DOTATATE, 
[18F]fluorodopa (FDOPA), and 
[18F]fluorodeoxyglucose (FDG) PET–CT, as well as 
[123I]MIBG scintigraphy, should be considered. All 
children with pheochromocytomas or paragangliomas 
are highly recommended to undergo genetic testing 
for germline mutations (65, 66). Surgical resection 
remains the treatment of choice in specialized centers 
with a multidisciplinary team. It is worth mentioning 
that minimally invasive procedures are preferred in 
cases with abdominal and pelvic pheochromocytomas 
and paragangliomas. Finally, special attention should 
be focused on preoperative treatment of hypertension 
using α-adrenoceptor blockers or calcium channel 
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blockers or beta-adrenoceptor blockers especially in 
patients with persistent tachycardia (66, 67). 
 
RENAL DISEASES MIMICKING ADRENAL 
DISORDERS 
 
Syndromes of Inappropriate Salt Retention 
 
LIDDLE SYNDROME 
 
Patients with Liddle syndrome present with 
hypertension starting at about two years of age, 
although the average age of hypertension onset was 
15.5 ± 3.3 years, according to the large series of cases 
(68). In addition to early-onset hypertension, patients 
with this condition display hypokalemia, metabolic 
alkalosis, and suppressed PAC. The genetic basis of 
Liddle syndrome has been ascribed to activating 
mutations in the sodium channel epithelial 1 alpha, 
beta and gamma (SCNN1A, SCNN1B, and SCNN1G) 
genes that encode for the α, β, and γ subunits, 
respectively, of the epithelial sodium channel (ENaC) 
of the renal tubule, also known as the amiloride-
sensitive channel (Figure 6) (69). ENaC inhibitors, 
such as amiloride or triamterene, with low salt diet 
remain the only effective treatment in patients with 
Liddle syndrome (70).     
 
GORDON SYNDROME OR 
PSEUDOHYPOALDOSTERONISM TYPE 2 OR 
FAMILIAL HYPERKALEMIC HYPERTENSION 
 
Gordon syndrome or type II 
pseudohypoaldosteronism (PHA II) is inherited in an 
autosomal dominant fashion and is characterized by 
hypertension, metabolic acidosis, hyperkalemia and 
hyperchloremia (71). Endocrinologic evaluation 
reveals low PRA and, usually, decreased serum 
aldosterone concentrations (71). Five subtypes of 
PHA II have been reported with distinct genetic 
defects (72). The genetic basis of PHA II-A is less 
known, since no genetic defect has been identified yet; 
however, this subtype has been associated with 
chromosome region 1q31-q42. PHA II-B has been 

linked to mutations in the with-no-lysine kinase 
(WNK4) gene (17q21), whereas genetic defects in the 
WNK1 gene (12p12.3.) have been associated with 
PHA II-C (Figure 6). WNK genes encode WNK 
proteins, which function as serine-threonine protein 
kinases regulating the expression and action of cation-
Cl− cotransporters (CCCs) such as the sodium 
chloride cotransporter (NCC), basolateral Na-K-Cl 
symporter (NKCC1), and potassium chloride 
cotransporter (KCC1) located within the distal 
nephron. Patients with PHA II-D and -E harbor 
variations in kelch-like 3 (KLHL3) gene (5q31.2) that 
encodes for the adaptor protein KLHL3, and cullin-3 
(CUL3) gene (2q36) expressing the ubiquitin scaffold 
protein CUL3, respectively (Figure 6) (73, 74). 
Generally, patients with Gordon syndrome respond 
adequately to low sodium diet and thiazide diuretics 
(28).     
 
GELLER SYNDROME (MR ACTIVATING 
MUTATION SYNDROME) 
 
Geller syndrome is a rare autosomal dominant 
disorder characterized by hypertension, hypokalemia, 
low PRA, and low serum aldosterone concentrations 
(2). Patients with Geller syndrome harbor an activating 
mutation in the NR3C2 gene that encodes for the 
mineralocorticoid receptor (MR) (Figure 6) (75, 76). 
This genetic defect leads to aberrant activation of the 
MR by cortisone, 11-DOC, and progesterone, all 
acting as antagonists of the wild-type MR; therefore, 
hypertension worsens during pregnancy due to 
increased progesterone concentrations. The 
therapeutic management includes administration of 
amiloride and finerenone (77).    
 
APPARENT MINERALOCORTICOID EXCESS 
(AME) SYNDROME (11β-Hydroxysteroid 
Dehydrogenase Deficiency Type 2) 
 
This syndrome is caused by inactivating genetic 
defects in the 11β-hydroxysteroid dehydrogenase 
type 2 (HSD11B2) gene that encodes for the enzyme 
11β-hydroxysteroid dehydrogenase type 2 converting 
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cortisol to inactive cortisone in aldosterone-responsive 
target tissues (Figure 6) (e.g., kidney) (78). The 
resultant high concentrations of cortisol bind to 
mineralocorticoid receptors which induce the 
expression of several responsive genes leading to 
hypertension, low renin and aldosterone 
concentrations, hypernatremia, hypokalemia, and 
metabolic alkalosis. In addition to hypertension, 
patients with AME syndrome may present with short 
stature, failure to thrive, polyuria, polydipsia, as well as 
hypercalciuria and nephrocalcinosis (78). To reach the 
diagnosis, a high ratio of 5b and 5a-tetrahydrocortisol 
steroids to tetrahydrocortisone in the urine should be 
confirmed, followed by sequencing of the HSD11B2 
gene. Treatment should begin early to prevent left 

ventricular hypertrophy and/or cerebrovascular 
events, and includes spironolactone to block 
mineralocorticoid receptor activation, restriction of 
dietary intake of sodium, and potassium 
supplementation. In cases of nephrocalcinosis, 
patients should also receive chlorothiazide or 
hydrochlorothiazide to minimize hypercalciuria (78). 
Dexamethasone might be also administered as 
monotherapy or in addition to spironolactone, since 
dexamethasone reduces the activity of the 
hypothalamic-pituitary-adrenal axis through negative 
feedback loops at the levels of hypothalamus and 
pituitary. Moreover, dexamethasone does not have 
any affinity to 11β-HSD2 (78).  

 

 
Figure 6. Genetic defects of renal disorders mimicking adrenal diseases. Apparent Mineralocorticoid 
Excess (AME) syndrome is caused by inactivating genetic defects in the HSD11B2 that encodes for the 
11β-hydroxysteroid dehydrogenase type 2 converting cortisol to inactive cortisone. The molecular basis 
of Gordon syndrome has been ascribed to mutations in the WNK genes expressing proteins that function 
as serine-threonine protein kinases regulating the expression and action of cation-Cl− cotransporters, 
such as the sodium chloride cotransporter. Gordon syndrome is also caused by mutations in KLHL3 
that encodes for the adaptor protein KLHL3, as well as in CUL3 expressing the ubiquitin scaffold protein 
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CUL3. Geller syndrome has been associated with activating mutations in the NR3C2 that encodes for 
the mineralocorticoid receptor. Liddle syndrome is caused by mutations in the SCNN1A, SCNN1B, and 
SCNN1G encoding for the α, β, and γ subunits, respectively, of the epithelial sodium channel (ENaC) of 
the renal tubule. HSD11B2: 11β-hydroxysteroid dehydrogenase type 2; HSPs: heat shock proteins; 
FKBP: immunophilin; KLHL3: kelch-like 3; MR: mineralocorticoid receptor; NR3C2: nuclear receptor 
subfamily 3 group C member 2; WNK: with-no-lysine kinase.  
 
OTHER CAUSES OF ENDOCRINE 
HYPERTENSION 
 
Acromegaly 
 
In children and adolescents, growth hormone (GH) 
excess is rare. Its prevalence is approximately 30 
cases per million in children aged 0-17 years in United 
States without any differences between males and 
females (79). Acromegaly is usually caused by a GH-
secreting pituitary adenoma, but other less common 
causes include pituitary hyperplasia, multiple 
adenomas, or extremely rare cases of tumors 
secreting growth hormone-releasing hormone 
(GHRH) (80). In 45% of cases, the molecular basis of 
GH-secreting adenomas or hyperplasia has been 
attributed to identifiable genetic defects, including 
mutations in the AIP gene (˃20%), duplications in the 
GPR101 gene that cause X-LAG, post-zygotic mosaic 
GNAS mutations responsible for McCune-Albright 
syndrome (5%), whereas genetic defects in other 
genes, such as MEN1, CDKN1B, PRKAR1A, 
PRKACB and SDH contribute in less than 1% each 
(81). Typical clinical manifestations in children and 
adolescents with acromegaly include overgrowth and 
tall stature if excess secretion of GH occurs before 
epiphyseal closure, acral enlargement, rectangular 
face, prognathism, headache, visual filed defects, 
sweating, delayed puberty, left ventricular 
hypertrophy, diastolic dysfunction, sleep apnea, 
hypertension, as well as glucose intolerance or even 
diabetes (79). The biochemical diagnosis of GH 
excess relies on elevated age-adjusted serum IGF-1 

concentrations and failure to suppress GH following 
an oral glucose tolerance test. Treatment options 
include surgery, medical therapy, and radiotherapy 
(79).       
 
Thyroid / Parathyroid Dysfunction 
 
Thyroid or parathyroid dysfunction has been 
associated with hypertension in children and 
adolescents. Hypothyroidism is usually associated 
with increased diastolic blood pressure, whereas 
hyperthyroidism with elevated systolic blood pressure 
(82). In addition to thyroid disorders, hypertension has 
also been reported in patients with parathyroid 
dysfunction, although there are no data on its 
prevalence (83).   
 
CONCLUSIONS 
 
Endocrine hypertension in children is most often 
caused by excess steroids, with other hormonal 
abnormalities far less frequent. The tremendous 
progress on endocrine genetics and molecular biology 
has enabled a deeper understanding of the genetic 
basis of several endocrine pathologic conditions 
leading to hypertension. A detailed medical history 
and physical examination, as well as a careful 
interpretation of laboratory and hormonal results may 
lead to an early and accurate diagnosis (Figure 7). The 
appropriate therapeutic management of these 
conditions is of paramount importance to prevent long 
term cardiovascular and other systemic complications. 
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Figure 7. Diagnostic approach to endocrine hypertension. 
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