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Comparative Analysis of American Academy of Pediatrics 
and European Society of Hypertension Guidelines for the 
Diagnosis and Treatment of Pediatric Hypertension

Childhood hypertension (HTN) has become a significant public health issue 
because of the increased risk of cardiovascular disease in adulthood. However, 
childhood HTN is underrecognized and underdiagnosed in clinical practice. The 
European Society of Hypertension in 2016 and the American Academy of Pediatrics 
(AAP) in 2017 published updated guidelines for the screening, prevention, and 
management of pediatric HTN. There were notable differences between the two 
guidelines as well as many similarities. The updated AAP guidelines have clarified 
and simplified the recommendations for screening, diagnosis, and treatment of 
childhood HTN based on current evidence. This review highlights the important 
developments in both guidelines, focusing on recent advances in the classification 
and treatment of childhood HTN.
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Introduction

Since the “Fourth Report on the Diagnosis, Evaluation, and Treatment of 
High Blood Pressure in Children and Adolescents” (2004 Fourth Report) 
was published in 2004, interest in childhood hypertension (HTN) has in­
creased1). Increased blood pressure (BP) in children and adolescents increases 
the risk of cardiovascular disease (CVD) in adulthood, which is known as 
the tracking phenomenon2). Mounting evidence has also shown that child­
hood and adolescent HTN increase the risk of adult cardiovascular morbidity 
and mortality3,4). The global rise in childhood HTN is likely associated with 
the growing prevalence of children who are overweight and obese5). 

In an effort to delay the present trajectory, new studies related to childhood 
HTN have been conducted, and two updated clinical practice guidelines for 
the management of BP in children and adolescents have recently been pub­
lished. In 2016, the European Society of Hypertension (ESH) updated the 
2009 guidelines and published new guidelines (2016 the European Society of 
Hypertension guidelines [2016 ESHG]) to increase efforts toward prevention 
and management of HTN in the pediatric age, thus also helping relieve the 
burden of CVD in adults6). In 2017, the American Academy of Pediatrics 
Clinical Practice Guideline (AAP CPG) for Screening and Management of 
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High Blood Pressure in Children and Adolescents (2017 
AAP CPG) was published to update the current guidelines 
based on a systematic review of evidence published since 
the 2004 Fourth Report7). The aim of the 2017 AAP CPG 
was not only to provide an update on topics relevant to the 
diagnosis, evaluation, and management of pediatric HTN, 
but also to improve early recognition of pediatric HTN by 
simplifying the diagnosis and evaluation of HTN in 
children and adolescents. The 2017 AAP CPG includes 30 
key action statements and 27 additional recommendations 
(Appendix 1 in the 2017 AAP CPG). 

Both guidelines produced significant reactions and were 
discussed in the HTN community. Although there are 
many similarities between these two guidelines, there are 
also several notable differences. These differences suggest 
that further studies are needed to prevent and treat HTN 
in childhood and to improve adult CVD. The goal of this 
review is to highlight new guidelines for the diagnosis and 
management of pediatric HTN.

Definition and classification of HTN

Both the 2016 ESHG and 2017 AAP CPG regard a BP 
value <90th percentile by age, sex, and height as normal 
BP6,7). HTN is defined in children aged <13 years in the 
2017 AAP CPG and <16 years in the 2016 ESHG as a persis­
tent elevation in BP measured clinically at or ≥95th per­
centile on at least three separate occasions6,7). 

According to the 2016 ESHG, children with an average 
systolic BP (SBP) and/or diastolic BP (DBP) between the 
90th and 95th percentile are classified as having high-
normal BP6). The diagnostic criteria for elevated BP in 
children depend on the fact that BP in children increases 
with age and body size. Therefore, it is inappropriate to use 
a single BP level to define HTN, as is done in adults. For 
adolescents aged ≥16 years, the same single, static thre­
sholds (≥140/90 mmHg) defining BP categories used in 
adults were adopted, allowing a gentle transition from pe­
diatric to adult providers6). This is quite different from the 
Fourth Report that used percentiles to define the BP cate­
gory for adolescents, while maintaining the Fourth Report 
criteria in young people <16 years of age.

However, in 2017, the term “elevated BP” was used to 
replace “prehypertension”7,8). New thresholds for elevated 
BP, stage 1 HTN, and stage 2 HTN were also provided for 
adolescents aged ≥13 years7,8). The term “high-normal BP” 
in 2016 ESHG was converted to “elevated BP” in the 2017 
AAP CPG. The new BP cutoff values for screening and 
diagnosing pediatric HTN, proposed by the 2017 AAP 
CPG, differ from those by the ESHG7). The cutoffs of SBP 
and DBP were lowered, whereas a single cutoff of 130/80 
mmHg and 140/90 mmHg was recommended to define 
stage 1 and stage 2 HTN, respectively, in adolescents aged 
≥13 years (Table 1). This decision has provoked a large de­
bate not only for the adults’ criteria, as the ESH was deter­
mined to maintain the cutoff of 140/90 mmHg, but also for 
the pediatric criteria, as the ESHG has not been renewed 

Table 1. Diagnostic Criteria in Pediatric Hypertension
2017 AAP CPG 2016 ESHG

1–13 years Children 0–15 years

<90th p Normal BP <90th p

≥90th p to <95th p or 120/80 (whichever is lower) Elevated BP
(High-normal BP)

≥90th p to <95th p

≥95th p to <95th p+12 mmHg or 130/80 to 139/89 mmHg 
 (whichever is lower) 

Stage 1 HTN 95th p to 99th p+5 mmHg (ISH: SBP ≥95th p & DBP <90th p)

≥95th p+12 mmHg or ≥140/90 mmHg (whichever is lower) Stage 2 HTN >99th p+5 mmHg

≥13 years Adolescents ≥16 years

<120/<80 mmHg Normal BP <130/85 mmHg

120/<80 to 129/<80 mmHg Elevated BP
(High-normal BP)

130–139/85–89 mmHg

130/80 to 139/89 mmHg Stage 1 HTN 140–159/90–99 mmHg (ISH: ≥140/<90 mmHg)

≥140/90 mmHg Stage 2 HTN 160–179/100–109 mmHg

Abbreviations: AAP CPG, American Academy of Pediatrics Clinical Practice Guideline; ESHG, European Society of Hypertension Guideline; BP, blood pressure; 
HTN, hypertension; ISH, isolated systolic hypertension; SBP, systolic blood pressure; DBP, diastolic blood pressure; p, percentile.
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yet9). The difference in the definition of HTN in children 
and adolescents may cause confusion and contrasting re­
sults in both epidemiological research and clinical practice. 

In the previous guidelines from 2004, children who are 
overweight and obese were included. In 2017, the AAP CPG 
renewed the normative tables for pediatric BP values by 
excluding overweight and obese children who had a body 
mass index (BMI) ≥85th percentile10,11). This resulted in a 
decrease of 2–3 mmHg in BP values compared to those in 
the 2004 Fourth Report. Stage 2 HTN for children <13 
years was defined as BP values ≥95th percentile+12 
mmHg (or ≥140/90 mmHg) instead of the 99th percentile+ 
5 mmHg (Table 1). The 2017 AAP CPG applied an adult 
threshold of 130/80 mmHg to adolescents, both male and 
female, aged ≥13 years10). The absolute BP cutoff points were 
introduced to follow the updated adult HTN guidelines and 
to simplify the process of identifying and classifying HTN 
in adolescents12). In particular, in view of Korean pedia­
tricians, the new percentile tables are easy to use at office, 
as height values were added to the table in centimeters, 
which are used as the unit7). In addition to applying a static 
threshold to adolescents, the 2017 AAP CPG has a new 
simplified screening table with BP cutoffs based on the 90th 
percentile BP at the 5th percentile of height for every age 
for males and females <13 years of age7). The goal of this 
table is not to diagnose elevated BP or HTN by itself but to 
identify children and adolescents who need further evalua­
tion of their BP with repeat BP measurements.

Recent evidence revealed that the use of the 2017 AAP 
CPG identified a higher proportion of hypertensive young 
people with abnormal cardiometabolic risk13) or target 
organ damage (TOD)14), resulting in an overall increase in 
the prevalence of HTN8,15,16). The simplified screening table 
in the 2017 AAP CPG better contributes to recognizing and 
classifying those with obesity and other CVD risk factors 
as hypertensive when compared to the 2016 ESHG. Accor­
ding to the screening table, children who have increased 
BP should be evaluated using the extended percentile table 
or a cutoff BP value of 120/80 mmHg should be used for 
children aged ≥13 years7).

Treatment strategies

1. Target blood pressure values
The main goals of treatment for both primary and se­

condary HTN are to reduce the risk of TOD in childhood 
and decrease the risk of HTN and CVD in adulthood. The 
2017 AAP CPG recommends that the treatment goal of 
non-pharmacologic and pharmacologic therapy is to reduce 
SBP and DBP to <90th percentile and <130/80 mmHg in 
adolescents ≥13 years old7). The mean arterial pressure 
should be maintained <50th percentile in children with 
chronic kidney disease (CKD)7). 

In the 2016 ESHG, a BP <95th percentile for age, sex, 
and height is recommended for the general hypertensive 
population. However, if the goal can be accomplished by 
well-tolerated treatment, a BP <90th percentile should be 
considered6). For children with CKD, strict BP control leads 
to better long-term renal survival17). A BP goal of <50th 
percentile is recommended in children with proteinuric 
CKD, as proteinuria is an important modifier of the reno­
protective effect of intensified BP control6). In patients aged 
≥16 years, the cutoff values for office BP were 130/80 mmHg 
or 125/75 mmHg with proteinuric CKD6).

Children with type 1 or 2 diabetes mellitus (DM) are 
considered to have increased long-term risk for HTN and 
renal damage18,19). Therefore, it is appropriate for target BP 
values to be <75th percentile in children with non-protei­
nuric CKD and <50th percentile in children with protei­
nuric CKD6).

2. Lifestyle interventions
Both the 2017 AAP CPG and the 2016 ESHG initially re­

commended lifestyle modifications to control BP. Parti­
cularly, in overweight and obese children, it has been de­
monstrated that lifestyle modifications such as a healthy 
diet, exercise, and behavioral therapy lead to improvements 
in both weight reduction and BP control20). The 2017 AAP 
CPG seems to emphasize the Dietary Approach to Stop 
Hypertension (DASH)-type diet, which consists of a high 
daily intake of fruits and vegetables, low-fat milk products, 
and whole grains, and a low intake of added sugar and 
sweets (including sweetened beverages) and dietary sodium. 
A reduction in salt (<3 g per day) decreases SBP and DBP 
by 1.2 and 1.3 mmHg, respectively (Table 2)6).
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Moderate to vigorous exercise at least 3 to 5 days per week 
(30–60 minutes per session) helps to reduce BP6,7). Of note, 
the 2016 ESHG recommends that BMI should be main­
tained at <85th percentile to prevent becoming overweight 
6). Children with a BMI >95th percentile require gradual 
weight loss (1–2 kg/month) to achieve a value <85th percen 
tile.

3. Pharmacologic treatment
Despite lifestyle modifications, children who remain hy­

pertensive or who have symptomatic HTN, stage 2 HTN 
without modifiable risk factors (e.g., obesity), or any stage 
of HTN associated with CKD or DM therapy should be 
initiated with pharmacologic treatment7). An individual 
approach can be made in children with high-normal BP if 
hypertensive TOD is already present6). 

It is logical to initiate monotherapy that can be admini­
stered once a day due to the benefits of simplicity and ad­
herence to administration. After treatment with the lowest 
dose, BP should be measured at 2–4-week intervals. If the 
target BP goal is not achieved, the dose should be increased. 
Adverse effects should also be monitored during dose in­
crements. 

There are eight classes of antihypertensive drugs that may 
potentially be first-line agents, including angiotensin-con­
verting enzyme inhibitors (ACEi), angiotensin receptor 
blockers (ARBs), beta-blockers, calcium channel blockers 
(CCBs), and diuretics6). Drug choice should be targeted to 
the child’s underlying pathophysiology and the presence 
of concurrent disorders6). Although there are limited 

evidence and trials related to antihypertensives used in 
childhood, and their adverse effects and long-term cardio­
vascular outcomes, the use of ACEi and ARBs are recom­
mended as first-line agents in populations with obesity-
associated primary HTN21). CCBs are a reasonable alternative 
in the absence of treatment effects with ACEi and ARBs, 
whereas beta-blockers are avoided in terms of safety in 
children without vasodilatory capacity and thiazide diu­
retics22). In children with CKD and HTN, proteinuria, or 
DM, an ACEi or ARB is also recommended as the initial 
antihypertensive agent, unless there is an absolute contra­
indication such as pregnancy in adolescence7). 

The use of combination therapy is recommended if a 
single agent does not successfully achieve target BP6). The 
second drug to be chosen is diuretics because antihyper­
tensive agents can generally cause water and salt retention. 
Increased consumption of vegetables and fruits, restricted 
salt intake, and physical activity should be maintained. No 
two drugs (ACEi and ARBs) that act separately on the 
renin-angiotensin system should be used in combination 
because of the risks of hyperkalemia, acute kidney injury, 
and hypotension6). It is preferred to combine agents from 
different drug classes and complementary modes of action6).

4. Treatment-resistant or refractory HTN
When a therapeutic plan that includes lifestyle modifica­

tions and intake of three or more antihypertensive drugs 
(one diuretic) at maximally effective doses has failed to 
lower SBP and DBP sufficiently23,24), HTN may be defined 
as resistant to treatment or refractory6,7). This condition 

Table 2. Non-pharmacologic and Pharmacologic Treatment of Pediatric Hypertension
2017 AAP CPG 2016 ESHG

Lifestyle 
 modifications

DASH-type diet 3 months of exercise training → lowering SBP 7–12 mmHg and DBP 2–7 
 mmHg

Moderate to vigorous physical activity: at least 3 to 5 
 days per week (30–60 min per session)

More than two servings of fruits and vegetables/day → lowering the risk of 
 HTN by 35% 

Motivational interviewing, Stress reduction 3 g/day reduction in salt intake → lowering SBP and DBP of 1.2/1.3 mmHg 

Pharmacologic 
 treatment

Indications: lifestyle modifications failure, LVH on 
 echocardiography, symptomatic HTN, stage 2 HTN 
 without a clearly modifiable factor (obesity etc.) 

Indications: symptomatic, secondary, organ damage, diabetes, hypertensive 
 emergency and urgency

ACEi, ARBs, long-acting CCBs, thiazide diuretics ACEi, ARBs, calcium antagonist, beta blockers, thiazide diuretics

Remarks Target BP: SBP and DBP to <90th percentile and  
 <130/80 mmHg in younger children

ACEi should not be used with ARBs

Abbreviations: AAP CPG, American Academy of Pediatrics Clinical Practice Guideline; ESHG, European Society of Hypertension Guideline; DASH, dietary 
approaches to stop hypertension; BP, blood pressure; LVH, left ventricular hypertrophy; HTN, hypertension; SBP, systolic blood pressure; DBP, diastolic blood 
pressure; ACEi, angiotensin-converting enzyme inhibitors; ARBs, angiotensin receptor blockers; CCBs, calcium channel blockers.
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requires precise investigation of the secondary causes of 
resistant HTN and prompt intervention. Primary glomeru­
lopathies, renovascular disease, coarctation of the aorta, 
and neurological tumors are the most common causes of 
secondary HTN in children <6 years of age (Table 3). Ac­
cording to the clinical status, renal Doppler ultrasono­
graphy, magnetic resonance imaging, and computed tomo­
graphy angiography may be helpful in the differential 
diagnosis. In addition, renin-aldosterone values and serum 
potassium levels provide important information to help 
rule out the genetic causes of HTN. Ambulatory BP moni­
toring may be performed to identify true resistant HTN 
and confirm the diagnosis7).

Treatment includes dietary sodium restriction, avoi­
dance of substances and drugs known to elevate BP, the 
identification of previously undiagnosed secondary causes 
of HTN, the optimization of current therapy, and the addi­
tion of extended-release drugs at the highest dose as needed 
7,25). As there are limited data related to treatment-resistant 
HTN in children, evaluation and management strategies 
similar to those effective in adults should be taken7).

5. Treatment of monogenic HTN
Monogenic HTN syndromes refer to hypertensive dis­

orders caused by a single gene mutation that follows Men­
delian inheritance patterns26). According to the 2017 AAP 
CPG, monogenic forms of HTN are uncommon because 
of the lack of exact incidence data7). In the 2016 ESHG, the 
Working Group also stated that monogenic causes of HTN 
are rare but should be discovered during the pediatric age 
for successful treatment and avoidance of HTN-related 

morbidity and mortality in adulthood6).
Although genetic testing is a confirmative tool for diag­

nosis, monogenic causes of HTN may be suspected in low 
renin HTN, family history of early onset HTN, death from 
cerebral vascular accidents and heart failure, and refractory 
HTN6). Early recognition and proper management are 
crucial because specific antihypertensive agents should be 
targeted to defective tubular function. Based on the results 
of genetic testing, treatment may consist of thiazides, ami­
loride, triamterene, dexamethasone, spironolactone, or 
eplerenone6).

Conclusions

HTN in childhood and adolescence progresses to adult­
hood HTN, resulting in increased cardiovascular events 
such as heart disease and stroke. Therefore, efforts should 
be made to detect children who are at risk of HTN to prevent 
progression to sustained HTN and to avoid the develop­
ment of hypertensive CVD. Nonpharmacological and phar­
macological treatments should be used in the management 
of children and adolescents with HTN. Prospective reasses­
sment and ongoing revision are needed to improve the re­
commendations made in both guidelines with regular 
updates based on new evidence as it is generated.
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Table 3. Etiology of Secondary Hypertension
2017 AAP CPG 2016 ESHG

Renal parenchymal disease and renal structural abnormalities Chronic kidney disease

Renovascular disease Renovascular HTN

Cardiac, including aortic coarctation Pheochromocytoma and paraganglioma

Endocrine HTN: catecholamine excess,  mineralocorticoid excess, glucocorticoid 
excess, hyperthyroidism, hyperparathyroidism etc.

Primary aldosteronism

Environmental exposures: lead, cadmium, mercury,  phthalates etc. Cushing’s syndrome

Neurofibromatosis Obstructive sleep apnea

Pheochromocytoma Coarctation of aorta

Medication-related HTN Drug-induced HTN

Monogenic HTN Monogenic causes of HTN

Hyperthyroidism and congenital adrenal hyperplasia

Abbreviations: AAP CPG, American Academy of Pediatrics Clinical Practice Guideline; ESHG, European Society of Hypertension Guideline; HTN, hypertension.
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