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Abstract

Hypertension (HTN) is an important risk factor for cardiovascular morbidity and mortality in both adults and 
children. Previous studies have suggested that elevated blood pressure values in childhood were associated with 
the development of HTN in adult life. Secondary HTN is seen more often in children and adolescents, but the 
prevalence of essential HTN is increasing due to the global pediatric obesity epidemic. HTN is frequently un-
derdiagnosed in childhood because blood pressure values vary with age, sex, and height, and guidelines propose 
different cut-offs to define pediatric HTN. It is mandatory for clinicians to know how to distinguish primary 
from secondary HTN, identify target organ damage and apply necessary interventions to control blood pressure.
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Introduction

The burden of hypertension (HTN) in children is a 
real health problem with increasing prevalence and 
long-term consequences. Similar to adults, HTN in 
children and adolescents may be primary or essential 
when the cause is not identified or secondary to an-
other disease. The most common causes of HTN in 
childhood are secondary and frequently include re-
nal disease, endocrine disease, and coarctation of the 

aorta [1, 2]. Moreover, studies demonstrated that fam-
ily history of HTN, low birth weight, and overweight 
or obesity were associated with pediatric HTN [3–5].

In contrast to adults, there is not a single ref-
erence value for HTN, and the definition is based 
on the concept that blood pressure increases with 
age and body size [6]. Furthermore, this causes high 
blood pressure to remain frequently undiagnosed 
by pediatric clinicians. HTN in children represents 
blood pressure higher than the 95th percentile for 
age, sex, and height at three different visits [7, 8]. In 
2016, The European Society of Hypertension (ESH) 
fixed a cut-off value ≥140/90 mmHg for subjects 
aged ≥16 years independent of age, sex and height, 
while The Clinical Practice Guidelines released by 
the American Academy of Pediatrics proposed in 
2017 in those aged ≥13 years a fixed cut-off value 
≥130/80 mmHg [7, 8].
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Studies showed that elevated blood pressure in 
childhood could be considered the strongest predic-
tor of HTN in adult life, and blood pressure values 
in adolescence can also predict the development of 
cardiovascular disease other than HTN [1, 7].

Definitions

Definition of HTN in childhood is based on com-
plex tables derived from a database of the Nation-
al Health and Nutrition Examination Survey, con-
taining both systolic and diastolic blood pressure 
percentiles, closely linked to age, sex, and height [9]. 
In 2016, ESH updated the definition of pediatric 
HTN according to age, as reported in Table 1. As in 
the previous guidelines, HTN is defined as systolic 
blood pressure (SBP) and/or diastolic blood pressure 
(DBP) persistently at least 95th percentile for sex, age 
and height measured on at least three separate occa-
sions [7]. On the other side, the new Clinical Practice 
Guidelines issued by The American Academy of Pedi-
atrics in 2017 proposed in subjects aged ≥13 years a 
cut-off value for blood pressure levels ≥130/80, while 
ESH fixed for subjects aged ≥16 years a cut-off value 
≥140/90 mmHg and appreciated that in these cases, 
HTN should be graded as for adults [7, 8].

Epidemiology 

The prevalence of HTN in children and adolescents 
is difficult to establish due to the different cut-offs 
used to define hypertension in children worldwide. 
European studies report a prevalence between 2.2% 
in Switzerland [10], 4.9% in Poland [11] to 12% 
in Greece [12], and 13% in Portugal [13]. Obesity 
seems to be the most important factor influencing 
the development of HTN in children. A study by 

Genovesi et al. indicates that HTN was found in 
1.4% of normal weight, 7.1% of overweight, and 
25% of obese adolescents [14]. Reports about the 
incidence of HTN usually refer not to the general 
population but to the patient who associates dia-
betes mellitus, operated coarctation of the aorta, 
obesity [6]. There is enough evidence that HTN is 
a disease with family aggregation and is considered 
a polygenic disease with no single gene exerting a 
predominant effect [6]. Several rare syndromes with 
classic Mendelian inheritance present with very 
high or low BP early in life [15].

Causes of HTN

In children, HTN often has an identifiable cause. In 
infants, HTN is usually related to renal or vascular 
disease and may be associated with signs and symp-
toms of congestive heart failure, while after infancy, 
HTN is frequently silent, and signs and symptoms 
are evident when the level of blood pressure is par-
ticularly high, or hypertension has been present for 
years [2]. The likelihood of identifying a secondary 
cause of HTN is directly related to the level of blood 
pressure and inversely related to the age of the child 
[2]. The severity of blood pressure elevation does 
not differ significantly between children with pri-
mary and secondary HTN in some studies. Howev-
er, DBP elevation appears to be more predictive of 
secondary HTN, whereas SBP elevation appears to 
be more predictive of primary HTN [8].

Primary HTN

The prevalence of essential pediatric HTN is un-
known. Characteristics of children with primary 
HTN include older age (≥6 years), a positive family 
history of HTN in a parent and/or grandparent, 

SBP and/or DBP percentile SBP and/or DBP

Age category <16 years ≥16 years

Normal <90th <130/85 mmHg

High-normal ≥90th <95th 130–139/85–89 mmHg

HTN Stage 1 ≥95th <99th + 5 mmHg 140–159/90–99 mmHg

HTN Stage 2 ≥99th + 5 mmHg 160–179/100–109 mmHg

ISH SBP ≥95th and DBP <90th SBP ≥140 mmHg and DBP <90 mmHg

Table 1. Definitions of the normal, high-normal blood pressure and hypertension categories according to the 2016  
Guidelines of The European Society of Hypertension [7].

SBP – systolic blood pressure; DBP – diastolic blood pressure; HTN – hypertension; ISH – isolated systolic hypertension.
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and overweight and/or obesity [8]. Several factors 
related to primary HTN in adults have also been as-
sociated with higher blood pressure in children and 
adolescents [16]. Also, familial studies demonstrat-
ed a link between genetic and environmental influ-
ences on blood pressure during childhood and the 
development of essential hypertension [16]. Chil-
dren from families with HTN tend to have a higher 
blood pressure than those from normotensive fam-
ilies, and significant correlations in blood pressure 
and cardiovascular risk factors exist between parents 
and their children [16].

Secondary HTN

The most common causes for secondary HTN are 
presented in Table 2. 

Secondary HTN should be suspected in the 
younger patient with very high blood pressure or 
secondary complications such as hypertensive en-
cephalopathy, cranial nerve palsy, heart failure, or 
HTN is difficult to treat [7]. Renal diseases are the 
most frequent cause of secondary HTN in children, 
and it is appropriate to have a high index of suspi-
cion, particularly in those <6 years of age [8].

Etiology Sings and/or symptoms Investigations

Renal disease (including chronic 
renal failure, renal artery stenosis, 
polycystic kidney disease, multicystic 
dysplastic kidney, hydronephrosis, 
reninoma, Wilms tumor)

Renal disease (including chronic 
renal failure, renal artery stenosis, 

polycystic kidney disease, multicystic 
dysplastic kidney, hydronephrosis, 

reninoma, Wilms tumor)

•	 Protein, erythrocytes and erythro-
cyte casts in urine

•	 Serum creatinine concentration 
and potassium

•	 Plasma renin activity
•	 Abdominal ultrasound
•	 [99Tcm] dimercaptosuccinic acid 

static scanning
•	 Renal artery Doppler ultrasound
•	 Angiography/MRI angiography

Pheochromocytoma and paragangli-
oma

tachycardia, pallor, flushing, diapho-
resis

•	 24-h urine and plasma chatecola-
mines or metanephrines

•	 MRI
•	 i123 metaiodobenzylguanidine

Primary aldosteronism muscle weakness
•	 Plasma renin activity
•	 Plasma aldosterone

Cushing’s syndrome
obesity, moon facies, acne, hirsutism, 

striae
•	 Plasma cortisol, ACTH
•	 24-h urinary free cortisol

Hyperthyroidism
tachycardia, proptosis, thyromegaly, 

goiter
•	 TSH
•	 FT3 and FT4

Coarctation of aorta

decreased lower extremity pulses, 
drop

in BP from upper to lower extremi-
ties, heart murmur

•	 Rx chest
•	 Echocardiography
•	 MRI angiograpy
•	 Aortography

Congenital adrenal hyperplasia •	 ambiguous or virilized genitalia

•	 Plasma deoxycorticosterone and 
corticosteron

•	 18-hydroxycorticosterone, 18-hy-
droxydeoxycorticosterone and 11 
deoxycortisol

Obstructive sleep apneea

type 1: amigdalar hypertrophy, mild 
overweight, hyperactivity and

recurrent infections;
type 2: obese patient, diurnal hyper-
somnia and metabolic disturbance

•	 Nocturnal pulsioxymetry

Table 2. Seconday causes of hypertension. Adapted from [7, 8].

ACTH – adrenocorticotropic hormone; MRI – magnetic resonance imaging; FT3 – free triiodothyronine; FT4 – free thyrox-
ine; TSH – thyroid stimulating hormone.
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Drug-induced HTN (DIH) is defined as HTN 
caused by the unintended effect of a drug, and 
the two major mechanisms involve sodium reten-
tion and a sympathomimetic effect [7]. Common 
prescription medications associated with a rise in 
blood pressure include oral contraceptives, central 
nervous system stimulants, and corticosteroids [8]. 
Medications that contain decongestants (e.g., pseu-
doephedrine and phenylpropanolamine) may cause 
a mild increase in blood pressure with the recom-
mended dosing. However, severe HTN has been 
seen as an idiosyncratic response with appropriate 
dosing as well as with excessive doses [8]. Another 
relevant cause of DIH is the use of inhibitors of 
angiogenesis in cancer treatment [7]. Treatment of 
DIH involves withdrawal of the drug which caused 
it; sometimes short-term or chronic antihyperten-
sive treatment may be needed, especially in those 
where the therapy with a therapeutic agent causing 
DIH cannot be stopped [7].

Monogenic causes of HTN are uncommon 
and should be suspected in children with low re-
nin HTN and a family history of early-onset severe 
HTN, death from cerebral vascular accidents, and 
heart failure or refractory HTN [7, 8]. Monogenic 
forms of HTN in children include Liddle syndrome, 
pseudohypoaldosteronism type II, apparent min-
eralocorticoid excess, generalized glucocorticoid 
resistance, familial hyperaldosteronism type I, and 
congenital adrenal hyperplasia [7, 8]. Treatment of 
monogenic HTN is directed against main patho-
physiological disturbances [7]. 

Diagnosis

Blood pressure should be measured at the first 
medical visit in children from 3 years of age and in 
younger children if they have an underlying condi-
tion that increases the risk for HTN: neonatal com-
plications requiring intensive care, congenital heart 

disease, renal disease, solid-organ transplant, malig-
nancy, treatment with drugs known to raise blood 
pressure, evidence of elevated intracranial pressure 
[7, 8].

Blood pressure in childhood may vary between 
visits and even during the same visit, and it is im-
portant to obtain multiple measurements over 
time before diagnosing HTN [8]. The initial blood 
pressure measurement may be oscillometric, by us-
ing a calibrated and validated machine for use in 
the pediatric population, or auscultatory, by using 
a mercury/aneroid sphygmomanometer [8]. Avail-
able reference values for defining blood pressure 
categories have been obtained by the auscultatory 
method, and because the values obtained with os-
cillometric methods tend to be higher than the aus-
cultatory ones, the HTN detected by the oscillomet-
ric method must be confirmed by the auscultatory 
measurement [7]. 

Office blood pressure measurements should 
be used as a reference, and blood pressure values 
obtained out-of-office (ambulatory or home blood 
pressure) may improve the evaluation in untreat-
ed and treated patients [7] It is recommended to 
measure blood pressure after the patient is sitting 
or relaxed for 3–5 min and using the appropriate 
cuff size according to bladder width and length to 
cover 80–100% of the arm circumference [7]. In the 
auscultatory method, Korotkoff sounds are used to 
assess SBP (K1) and DBP (K5) while deflating the 
cuff and blood pressure should be measured 3 times 
with an interval of 3 min between measurements 
and use the average of the last two [7]. Also, it is 
very important to measure blood pressure in both 
arms at the first visit and consider the arm with the 
higher value as the reference [7]. 

Values obtained using 24-h ambulatory blood 
pressure have some better relationship with the 
presence of organ damage and a higher reproduc-
ibility than those obtained using office blood pres-
sure and should be recommended before starting 
antihypertensive treatment, to avoid treating with 
drugs children with “white-coat” HTN [7]. 

LVH LVMI or RWT ≥95th percentile by age and sex

Carotid intima thickness cIMT ≥95th percentile by age and sex

PWV PWV ≥95th percentile by age and sex

Kidney

Albuminuria (as measured by urinary albumin/creatinine quotient >30 mg/g 
creatinine or >3 mg/mmol creatinine) or even proteinuria (as measured by urinary 

albumin/creatinine quotient (>300 mg/g creatinine or >30 mg/mmol creatinine) or 
by 24 h urinary protein excretion (>200 mg/m2/day)

LVH – left ventricular hypertrofy; LVMI – left ventricular mass index; RWT – relative wall thickness; cIMT – carotid intima 
media thickness; PWV – pulse wave velocity.

Table 3. Criteria to define HTN-induced organ damage. Adapted from [7].
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Home blood pressure correlates closely with day-
time ambulatory blood pressure values. It has su-
perior reproducibility to office blood pressure, and 
it is recommended to measure daily for at least 3–4 
days, preferably for 7 days in the mornings and the 
evenings [7]. 

Patients evaluation should include appropriate 
patient and family history (may identify children 
with essential HTN or determine possible causes or 
comorbidities associated with HTN), physical exam-
ination, laboratory evaluation, and imaging [7, 8]. 
It is mandatory to identify features of disorders that 
may be the cause of secondary HTN (Table 2) and 
to search for target organ damage, using the criteria 
from Table 3 [7].

Therapeutic management

The goals for the treatment of HTN in children and 
adolescents include achieving a blood pressure level 
that reduces the risk for target organ damage and 
HTN and related cardiovascular disease in adult-
hood [8]. The antihypertensive treatment should be 
started according to the values of blood pressure and 
overall cardiovascular risk (Figure 1) [7]. In children 
with high normal blood pressure and those with 
HTN, non-pharmacological therapy should be ini-
tiated based on lifestyle changes. Also, it should be 
continued after starting pharmacological therapy [7]. 

Lifestyle changes

There are some changes in lifestyle associated with 
the decrease of blood pressure. In obese children, 
it has been demonstrated that losing weight is as-
sociated with a decrease in blood pressure [6]. The 
increase in physical activity has also been shown to 
have cardiovascular benefits [6], and physical activi-
ty is recommended for at least 60 minutes, and the 
intensity should be moderate to vigorous [6]. Re-
garding diet, it is recommended that mothers limit 
children’s salt intake and avoid excess sugar, soft 
drinks, and saturated fat. It is recommended to eat 
fruits, vegetables, and grain products [6]. There are 
meta-analyses indicating that a reduction of 3 grams 
per day in salt intake will lead to a decrease in blood 
pressure [17]. Discouraging maternal smoking and 
maintaining a smoke-free environment is of great 
importance as it has been demonstrated to deter-
mine cardiovascular risk [6]. 

Pharmacological therapy 

There is a lack of large trials in the pharmacological 
treatment of HTN. The dosing and choice of treat-
ment are based on hypertensive trials that included 
adults and expert opinion. There was an increased 
interest in the last years for conducting trials in 
children and adolescents with HTN. However, it 
remains a general lack of high-quality outcome data 

LVH – left ventricular hypertrofy, LVMI – left ventricular mass index, RWT – relative wall 

thickness, cIMT – carotid intima media thickness, PWV – pulse wave velocity. 
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High normal BP 

≥ 90th < 95th or 
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Hypertension 

≥ 95th or 
≥ 140/90 mmHg 

 

Hypertensive 
emergency or urgency 

Nonpharmacological 
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One or more of the 
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1) Symptomatic 
2) Secondary 
3) Organ damage 
4) Diabetes 

Pharmacological 
treatment NO YES 

Target BP< 90/95th 
percentiles for age, 

sex, height  

Figure 1. Initiation of antihypertensive treatment. Adapted from [7]. BP – blood pressure.
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and a guide to choosing the proper treatment in 
pediatric patients. 

The antihypertensive treatment can be given 
in monotherapy or combined therapy. The mon-
otherapy includes the five classes for which there 
is evidence from adult hypertension: Angioten-
sin-Converting Enzyme inhibitors (ACEi), Angio-
tensin Receptor Blockers (ARB), beta-blockers, cal-
cium channel blockers, and diuretics. Drug choice 
should also be targeted by the child’s concurrent 
disorders like diabetes mellitus, kidney disease, mi-
graines, surgical treatment of aortic coarctation. Ta-
ble 4 summarizes the drug choice considering the 
underlying diseases. Primary hypertension is also a 

real problem in pediatric education, and there is ev-
idence that ACEi and ARBs are the first-line agents 
in obesity-linked hypertension [18]. When these are 
not tolerated, calcium channel blockers should be 
given [6]. After choosing one treatment, it should 
be started with the lowest dose followed by up-ti-
trated doses to decrease the blood pressure at least 
under the 95th percentile of blood pressure [6]. Pe-
riodical monitoring should be performed to avoid 
side effects. The diagnostic of monogenic hyper-
tension is important because it needs specific treat-
ment. For example, in Liddle syndrome, amiloride 
and triamterene should be initiated, while thiazide 
diuretics should be given in Gordon syndrome [6]. 

Disorder Drug class Drug
Starting dose  

(per day)
Maximal dose  

(per day)

Chronic renal 
failure

Thiazide/thiazide-like 
diuretics

Hydrochlorothiazide 0.5–1 mg/kg 3 mg/kg

Chlortalidone 0.3 mg/kg 2 mg/kg up to 50 mg

ACEi

Captopril 0.3–0.5 mg/kg 6 mg/kg

Fosinopril 0.1–0.6 mg/kg 40 mg

Lisinopril 0.08–0.6 mg/kg 0.6 mg/kg up to 40 mg

ARB
Lorsartan 0.7 mg/kg up to 50 mg 1.4 mg/kg up to 100 mg

Valsartan 0.4 mg/kg 40–80 mg

Coarctation of aorta
Beta-adrenergic 

blockers

Atenolol 0.5–1 mg/kg 2 mg/kg up to 100 mg

Metoprolol 0.5–1 mg/kg 2 mg/kg

Hyperaldosteronism
Potassium-sparing 

diuretics

Spironolactone 1 mg/kg
3.3 mg/kg up to 100 

mg

Eplerenone 25 mg 100 mg

Amiloride 0.4–0.6 mg/kg 20 mg

Obesity-linked 
primary HTN

ACEi

Captopril 0.3–0.5 mg/kg 6 mg/kg

Fosinopril 0.1–0.6 mg/kg 40 mg

Lisinopril 0.08–0.6 mg/kg 0.6 mg/kg up to 40 mg

ARB
Lorsartan 0.7 mg/kg up to 50 mg 1.4 mg/kg up to 100 mg

Valsartan 0.4 mg/kg 40–80 mg

Congestive heart 
failure

Loop diuretics Furosemide 0.5–2 mg/kg 6 mg/kg

Beta-adrenergic 
blockers

Atenolol 0.5–1 mg/kg 2 mg/kg up to 100 mg

Metoprolol 0.5–1 mg/kg 2 mg/kg

ACEi

Captopril 0.3–0.5 mg/kg 6 mg/kg

Fosinopril 0.1–0.6 mg/kg 40 mg

Lisinopril 0.08–0.6 mg/kg 0.6 mg/kg up to 40 mg

ARB
Lorsartan 0.7 mg/kg up to 50 mg 1.4 mg/kg up to 100 mg

Valsartan 0.4 mg/kg 40–80 mg

ACEi – angiotensin-converting enzyme inhibitor; ARB – angiotensin receptor blockers; HTN – hypertension.

Table 4. Clinical conditions and specific antihypertensive drug classes. Adapted from [7].
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When the maximum dose recommended or toler-
ated by the patient is reached, combination ther-
apy is needed. There is no specific evidence for 
which combination to use in pediatric patients, 
and so the combination is based on complemen-
tary mechanisms and the experience in adults. For 
example, an ACEi or ARB can be combined with 
a diuretic or calcium antagonist [6]. There is ex-
tensive data supporting against the combination 
of ACEi and ARBs or direct renin inhibitors due 
to the risk of hypotension, hyperkalemia, and im-
paired kidney function [6]. Few data exist on using 
fixed combination treatment in children; however, 
it can be used in adolescents to increase adherence 
to treatment [19].

Conclusion

In children, HTN remains a real health problem, 
frequently underdiagnosed, with potential conse-
quences in adult life. Therefore, there is a strong 
need to implement clear guidelines regarding diag-
nostic and treatment of HTN in the pediatric pop-
ulation in order to increase diagnostic and improve 
HTN management. 
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