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Hypertension in children and adolescents is an increasingly
prevalent global health concern and a strong predictor of
adult cardiovascular and kidney disease. Variability in
existing guidelines and limited applicability in low-resource
settings hinder effective identification and management.
This International Society of Hypertension (ISH) position
paper provides practical, harmonized guidance for
clinicians globally. To develop evidence-based, clinically
relevant recommendations for the evaluation, diagnosis,
and management of hypertension in youth, informed by
multidisciplinary expertise from 12 countries. An expert
panel undertook an iterative, consensus-driven synthesis of
current evidence covering epidemiology, risk factors, blood
pressure measurement, diagnostic evaluation, target organ
injury, lifestyle therapy, pharmacological treatment, and
long-term monitoring. Youth hypertension is driven by
obesity, adverse childhood experiences, unhealthy lifestyle
behaviors, and socioecological factors, with a
disproportionately higher burden in low and middle-
income countries. Accurate diagnosis requires standardized
measurement using validated devices, proper cuff sizing,
and out-of-office monitoring, particularly ambulatory blood
pressure monitoring. Targeted investigations help
distinguish primary from secondary hypertension and
identify early organ injury. Lifestyle modification forms the
foundation of treatment, while pharmacotherapy is
indicated for persistent stage 2 hypertension, comorbid
conditions, or evidence of organ damage. Structured
transition to adult care is essential to improve long-term
adherence and outcomes. Timely recognition and
individualized management of youth hypertension are
critical for reducing lifelong cardiovascular risk. This ISH
position paper offers pragmatic, globally adaptable
recommendations to enhance early detection, treatment,
and continuity of care for children and adolescents with
elevated blood pressure.
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INTRODUCTION

hile it is clear to clinicians and researchers alike

N -x / that hypertension (HTN) is not uncommon in
children and adolescents, how to best identify

and care for youth with abnormal blood pressure (BP) has
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been less clear. The various guidelines issued on this topic
over the past several decades contain some common ele-
ments, but also many differences, and often are not appli-
cable to settings outside of highly developed countries.
Given this background, we set out to develop a practical
guide for clinicians who encounter youth with HTN. This
document is not intended to be a comprehensive clinical
practice guideline, or to supplant those developed by
consensus bodies. Rather we hope that the recommenda-
tions set out here will serve as a source of practical guidance
and may also spur greater interest in the field.

OBJECTIVE AND WRITING PROCESS

This International Society of Hypertension (ISH) position
paper presents state-of-the-art recommendations devel-
oped by an international panel of pediatric HTN clinicians
and researchers from 12 countries. Our intention is to
provide recommendations for evaluation and management
of youth with HTN that will be useful to pediatricians,
internists, family physicians and other providers who
may encounter such patients in their practice. The outline
of the paper was developed through an iterative process by
the two lead authors and then approved by the ISH Council.
Author groups were formed for each section based upon
individual expertise and interest. An initial draft was devel-
oped and assembled and was then circulated among the
entire author group for review and revision aiming at
reaching consensus.

EPIDEMIOLOGY OF HIGH BLOOD
PRESSURE IN CHILDREN AND
ADOLESCENTS

Definitions of hypertension; prevalence

Instead of an outcomes-based definition as in adults, the
definition of HTN in children and adolescents is arbitrary
and imperfect, as it is based on the normative distribution of
BP in healthy children. As with any physiologic variable, BP
is related to growth and development through childhood
and adolescence until values analogous to those observed
in young adults are reached. This means, as for other
variables such as heart rate, cardiac output, or body mass
index (BMD), no single threshold can define HTN through-
out childhood [1].

HTN in pediatric populations is defined on thresholds of
BP percentiles when the average SBP and/or DBP is equal
to or above the 95th percentile on three or more occasions
(usually in different visits), adjusted for age, sex, and height
up to a certain age, according to different population-based
criteria[2]. Due to regional variability in normal pubertal
maturation, absolute cutoff values similar to those used in
adults are adopted for adolescents (Table 1); these tend to
be the same as cut-offs used in corresponding national adult
guidelines [4—8]. Children with average SBP and/or DBP at
least 90th percentile, but less than 95th percentile are
classified as having high-normal BP. In addition, HTN is
further classified as stage 1 HTN and stage 2 HTN (Table 1).
This mirrors to some extent the categorization scheme used
in adult guidelines [8]; although unlike in adults, this again is
somewhat arbitrary and imperfect.
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The prevalence of pediatric HTN worldwide is difficult to
establish because of the regional differences in the defini-
tion, the distribution of reference BP data and the methods
of BP measurement. According to a recent meta-analysis by
Ruan et all9]., sustained hypertension has been increasing
annually, rising by just over 7% between 2006 and 2021. The
study reported a prevalence of about 4% for sustained
hypertension and roughly 12% for occasional [9]. Children
with overweight or obesity showed a substantially higher
burden, with sustained hypertension rates far exceeding
those of their normal-weight peers [9,10].

Risk factors for hypertension in childhood

The increasing prevalence of youth HTN is driven by
complex interplay of factors, including the global child-
hood obesity epidemic, adverse childhood experiences
(ACEs), and various lifestyle choices and behaviors, includ-
ing sedentary lifestyle, screen time, sleep habits, dietary
factors, among others. Understanding these interconnected
drivers is crucial for developing effective prevention and
intervention strategies in the general pediatric population.
Obesity is arguably the most significant modifiable risk
factor for HTN in youth [11]. Excess adiposity, particularly
visceral obesity, leads to a cascade of physiological
changes, including insulin resistance, increased sympathet-
ic nervous system activity, activation of the renin-angioten-
sin-aldosterone system, and endothelial dysfunction, all of
which contribute to increased BP. Beyond (and often in
addition to) physiological mechanisms, the psychosocial
environment plays a critical role. ACEs, such as physical or
emotional abuse, neglect, household dysfunction (e.g.,
parental substance abuse, mental illness, divorce), exert
a profound and lasting impact on health, including cardio-
vascular outcomes. A large-scale longitudinal study dem-
onstrated that individuals who were exposed to multiple
ACEs (including abuse, neglect, and household dysfunc-
tion) displayed a greater increase of BP levels in young
adulthood compared to their counterparts without ACEs
[12]. The chronic allostatic load imposed by ACEs can
fundamentally alter cardiovascular regulatory mechanisms,
making these children and adolescents more vulnerable to
BP elevations.

Lifestyle factors, often intertwined with both obesity and
ACEs, further contribute to pediatric HTN. Dietary and
lifestyle factors are known to be associated with HTN
among children and adolescents [13]. Diets high in proc-
essed foods, sugar-sweetened beverages, and sodium are
thought to be linked to elevated BP [14,15]. A systematic
meta-analysis demonstrated a positive association between
higher screen time and higher risk of HTN in children and
adolescents [16]. Poor sleep quality or insufficient sleep
duration could disrupt autonomic nervous system function
and hormone regulation, leading to higher BP [17-19].
These unhealthy lifestyles often contribute to obesity but
can also independently impact vascular health.

Pediatric HTN is a multifactorial condition driven by the
converging forces of obesity, ACEs, and suboptimal lifestyle
choices. Addressing this growing public health concern
requires a holistic approach that goes beyond weight
management. Interventions must encompass comprehen-
sive strategies to prevent and manage childhood obesity,
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Issuing body

Normal BP

TABLE 1. Classifications of blood pressure in children and adolescents in international guidelines

Definitions

Prehypertension/
high-normal/
elevated BP®

European Society of 2016 < 90th percentile up to > 90th to < 95th
Hypertension (ESH) age 16y percentile up to age
[1] 16y

< 130/85mmHg 130 — 139/85 — 89
starting at 16y mmHg starting at
16y

American Academy of 2017 < 90th percentile up to > 90th to < 95th
Pediatrics (AAP) [2] 13y percentile or 120/80

mmHg to < 95th
percentile (whichever
is lower) up to 13y
< 120/80mmHg 120—129/ < 80mmHg
starting >13y starting >13y
Chinese [3] 2018 < 90th percentile > 90th percentile to
< 95th percentile; or
120/80 mmHg to
< 95th percentile

Japanese Society of 2019 n/a n/a
Hypertension [4]

Hypertension Canada 2020 n/a n/a
Guideline Committee
[5]

Argentine Consensus 2025 < 90th percentile up to > 90th to < 95th
on Arterial age 16y percentile up to age
Hypertension [6] 16y

< 130/80mmHg 130—139/80—89
starting at 16y mmHg starting at
16y

ESC 2022 Consensus 2022 n/a n/a

panel [7]

Criteria of hypertension®

>95th percentile for age-sex-height up
to age 16y

Stage1: > 95th to 99th pc + 5mmHg

Stage2: > 99th pc + 5mmHg

>140/90 mmHg starting at 16y

Stage1: 140 — 159/90 — 99 mmHg

Stage2: 160 — 179/100 — 109mmHg

>95th percentile for age-sex-height up
to 13y or >130/80 mmHg up to 13y,
(whichever is lower)

Stage 1: > 95th percentile to < 95th
percentile + 12mmHg, or 130/80-
139/89 mmHg (whichever is lower)

Stage2: > 95th percentile + 12mmHg,
or > 140/90 mmHg (whichever is
lower)

>130/80 mmHg starting >13y

Stage 1: 130/80-139/89 mmHg

Stage 2: > 140/90 mmHg

>95th percentile for age and sex

Stage 1: > 95th to < 99th percentile +
5 mmHg

Stage 2: > 99th percentile + 5mmHg

>age-based static cut point ranging
from 120/70mmHg in preschool
students to 140/85mmHg in high-
school students

>95th percentile for age-sex-height; or
>120/80 mmHg for age 6-11y, or
>130/85 mmHg for ages >12y

Stage 1: > 95th percentile to 95th
percentile + 12 mmHg

Stage 2: > 95th percentile + 12mmHg

>95th percentile for age-sex-height up
toage 16y

Stage 1: > 95th percentile to < 95th
percentile + 12 mmHg

Stage2: > 95th percentile + 12mmHg

>140/90 mmHg for age 16y or older

Stage1: 140—159/90—99 mmHg

Stage2: >160/100 mmHg

>95th percentile for age-sex-height up
to age 16y; >130/85mmHg for age
16 or older

Youth hypertension

Comments

Static cut point based on adult
thresholds in use at the time;
percentiles based on normative
BP data from 2004 Fourth
Report

Adopts static cut points from ACC/
AHA guideline starting at 13y of
age, percentiles based on
revised; lower normative BP data

New age-sex-height nomograms
only in normal weight

Percentiles based on Chinese-
specific normative BP data

Screening BP values 10-15mmHg
higher than those in percentile
based reference charts

Static cut points derived from one
analysis of Bogalusa Heart Study.

Simplified fixed cut-off under and
above 12 years

New age-sex-height nomograms
only in normal weight

Adaptation of New AAP BP tables
for age-sex-height nomograms
only in normal weight, for the
Argentine pediatric population in
the National School Health
Program (including height values
in cm)

New AAP BP tables of age-sex-
height nomograms only in
normal weight up to age 16y

ACC, American College Cardiology; AHA, American Heart Association; BP, blood pressure; ESC, European Society of Cardiology.
@All require the child's BP to be at or above this level on multiple occasions (usually 3) before making the diagnosis of hypertension. n/a: not available.
®In the Fourth Report guideline, the classification of “prehypertension” is termed as “high-normal” in the ESH, United Kingdom, Canada and China guidelines, and “elevated” in the AAP

qguideline.

provide trauma-informed care to mitigate the effects of
ACEs, and promote healthy lifestyle habits including regular
physical activity, balanced nutrition, and adequate sleep. A
deeper understanding of these complex interactions is
essential for developing effective and equitable interven-
tions to protect cardiovascular health, including HTN in
future generations.

Hypertension prevalence and risk factors in
children and adolescents in high vs. low-and-
middle-income countries

Data from systematic reviews and meta-analyses indicate that
the prevalence of HTN is nearly double the global prevalence
in sub-Saharan African and South Asian (6.9 vs. 4.0%) [10].

Journal of Hypertension

The higher BP observed among children in low and middle-
income countries (LMICs) compared to those in high-income
countries (HICs) is likely driven by factors such as rapid
urbanization, increased sedentary behavior, limited avail-
ability of nutritious foods, higher sodium content in diet, and
a greater rise in overweight and obesity rates in LMICs relative
to HICs [20,21]. Additionally, evidence indicates that certain
ethnic groups, particularly South Asians and Africans, may be
at an increased risk for cardiovascular disease (CVD). For
instance, children in Pakistan aged 5—15 years were shown to
have higher SBP compared to their white counterparts in the
United States, even after adjusting for BMI [22]. Prospective
long-term birth cohort studies suggest that the increased
susceptibility to HTN and vascular disease is influenced
by socioecological, life course, and epigenetic factors,
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especially when compounded by peri-conceptional depri-
vation and rapid catch-up growth during early childhood
[23,24]. Research is needed on innovative, comprehensive
public health strategies for HTN care that not only manage
HTN in children and adolescents but also address its social
and commercial determinants, especially in LMICs.

LINKS BETWEEN CHILDHOOD BLOOD
PRESSURE AND ADULT
CARDIOVASCULAR DISEASE

Childhood HTN tracks into adulthood, and children with
HTN are also at a higher risk of target organ injury (TOD),
including left ventricular hypertrophy (LVH) and adverse
vascular remodeling [25]. These subclinical cardiovascular
outcomes are consistently associated with increased risks of
CVD and mortality among adults and are strong markers of
early myocardial damage [8]. However, until recently there
was limited direct evidence linking childhood HTN with
definitive cardiovascular outcomes. Fortunately, recently
published population-based studies are beginning to close
these gaps (Fig. 1), showing higher long-term risks of
cardiovascular and kidney outcomes among individuals
with elevated BP identified in childhood [26,27].

Cross-sectional cohort studies on intermediate
markers of cardiovascular risk

Intermediate markers of preclinical organ damage are much
more important in children and adolescents than in adults,
as cardiovascular events are unlikely to occur for many

years in young individuals. Robust evidence links elevated
BP in children to subclinical TOI. LVH was shown in at least
a fifth of untreated children with primary HTN [28]; a recent
meta-analysis of 38 pediatric studies found higher odds of
LVH (odds ratio, OR 4.69 [95% confidence interval, 95% CI,
2.69-8.19) and greater left ventricular mass index, in-
creased pulse wave velocity and increased carotid inti-
ma—-media thickness among children with ambulatory
HTN compared to normotensive children [29]. Similar find-
ings have been reported when HTN is confirmed using
office BP measurements [30]. These markers of TOI are well
established precursors of adult CVD and mortality.

Data from longitudinal cohort studies

In 2022, the International Childhood Cardiovascular
Cohorts (i3C) Consortium reported the first data demon-
strating direct associations between high SBP in childhood
and the incidence of disease end-points (fatal cardiovascu-
lar event, or nonfatal myocardial infarction, stroke, transient
ischemic attack, angina, ischemic heart failure, peripheral
artery disease, carotid intervention, abdominal aortic aneu-
rysm, or coronary revascularization) in mid-adulthood
[31,32]. Children with BP higher than the 90th percentile
had double the risk of a fatal or nonfatal mid-life event
(mean age ~50years), and this finding was consistent across
childhood age from 4 to 19years [32]. In absolute terms,
about one in 10 children with ‘elevated BP’ or ‘HTN’
(defined via the AAP guideline) experienced a mid-life
event, which increased to one in three in those with a
combined risk score (incorporating BP, BMI, triglycerides,

\.§

-
-

Progressnon to adult
hypertension

Development of
target organ injury

Pediatric
hypertension

Childhood

Fig. 1 Life-course consequences of pediatric hypertension.
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total cholesterol, and youth smoking) greater than the 90th
percentile [31]. Further analysis suggested that 11% of the
total risk related to high SBP was ‘laid down’ (i.e. a direct
effect) in childhood (3—11years), another 10% in adoles-
cence (12—19years), and the remaining 79% in adulthood
[33]. These data are broadly consistent with findings from
the Young Finns Study showing that the childhood years
contribute almost 40% of the association between high SBP
and atherosclerosis in mid-adulthood [34], highlighting the
importance of system-level primordial prevention efforts
and early intervention for children with elevated BP.

Recent population-based data from Ontario show that
pediatric HTN confers a two-fold higher hazard of major
adverse CV events over a median follow-up of 13.6 [35].
Using the same databases, hypertensive youth were also
found to have threefold higher risk of major adverse kidney
events (incident CKD, kidney failure, or death) [27]. Simi-
larly, in a large cohort of Israeli military recruits, adolescent
HTN (16-19years old) was associated with an increased
risk of developing chronic kidney disease, irrespective of
BMI status or HTN severity [36]. Beyond clinical outcomes,
hypertensive youth also incur greater health-system use
and costs [37]. These results suggest that understanding
how childhood-onset primary HTN develops, progresses
throughout the lifespan, and contributes to kidney and
heart disease burden has important public health and
economic implications (Box 1).

Box 1 Youth blood pressure and long-term outcomes

1. Childhood HTN causes early preclinical target-organ injury that
predicts adult cardiovascular disease.

2. Longitudinal and population-based studies demonstrate progression
from childhood high-normal/elevated BP and HTN to adult
cardiovascular and kidney disease.

BLOOD PRESSURE MEASUREMENT AND
HYPERTENSION DIAGNOSIS

Blood pressure devices and measurement
methods
Accurate BP measurement is fundamental to diagnosis and
management of HTN. Screening for HTN in youth should
occur regularly, with more frequent screening recom-
mended for those at greater risk for HTN (e.g., those with
prematurity, kidney/urologic/cardiac disease, comorbid
obesity, or diabetes mellitus) [2]. This screening initially
occurs in the office setting, typically with an automated/
oscillometric device [38]. According to current pediatric
guidelines [1,2], elevated screening measurements (those
greater than diagnostic thresholds) should be repeated by
manual auscultation to confirm [39]. While several recent
studies have shown little difference between average stan-
dardized oscillometric and auscultatory BP measurements
in pediatric cohorts, these data have not yet found their way
into the major pediatric clinical practice guidelines.

These recommendations have arisen from the fundamen-
tal differences in devices used for automated and manual BP
measurement. Automated BP devices primarily use an

Journal of Hypertension
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oscillometric method to estimate BP. What this means is that
the BP cuff senses arterial wall volume variations caused by
the brachial pulse either during cuft inflation or deflation; the
devices use the rise and fall in detected pulse amplitude
(called the oscillogram) to then estimate the SBP and DBP via
a proprietary algorithm. The algorithm differs between devi-
ces and therefore only the specific brand/make/model spe-
cific cuffs should be used with automated devices.
Auscultatory devices, on the other hand, rely on audible
Korotkoff sounds and operator skill to determine SBP and
DBP. They do not require brand-specific cuffs so long as the
size requirements discussed below are met.

Both types of devices need to undergo testing to deter-
mine accuracy prior to use. For automated devices, this
means ensuring the device has undergone validation testing
for accuracy [40] and, for aneroid devices, this means con-
firming the device has undergone recent calibration to en-
sure the mechanical components (metal bellows, gears, and
levers) have not experienced drift or mispositioning [41].

Importantly, an automated device which passed validation
testing in adults may not be accurate in children; separate
validation testing is required for devices intended for use in
children younger than 13 years of age [42]. Only devices which
have been validated according to current standards in children
should be used in this age group. Updated lists of properly
validated devices for office, home and ambulatory BP mea-
surement specifically for children are listed at the STRIDE BP
website (www.stridebp.org/bp-monitors/), which operates in
collaboration with the ISH, the ESH and the WHL. There are
other regional or national registries providing lists of validated
devices, for example, by the American Medical Association
(validatebp.org), the British & Irish Hypertension Society
(bihs.org.uk/blood_pressure_technology), and Hypertension
Canada  (hypertension.ca/public/recommended-devices).
Unfortunately, very few automated BP devices have been
successfully validated using an established protocol in chil-
dren and are available on the market [43].

Even using a validated device, patient preparation and
positioning is key for accuracy (Fig. 2). Unfortunately, poor
standardization of BP measurement remains common in
offices and clinics [44].

Lack of adherence to recommended BP measurement
steps can lead to significant over- and underestimation of
BP (Table 2). Of these necessary steps, selection of a
correctly sized cuff is of paramount importance, as even
compression of the artery is needed to obtain accurate
measurements. Cuffs that are one and two sizes too small
in adults have been shown to overestimate SBP by almost
10 and 20 mmHg, respectively [46]. Cuff selection should be
guided by the child’s measured mid-arm circumference (the
midpoint between acromion and olecranon), choosing a
cuff size per manufacturer recommendations for automated
measurements or according to bladder dimensions for
auscultatory measurements [2]. Wrist cuff devices and devi-
ces without a cuff (cuffless) are not recommended for BP
measurement in children at present given the absence of
validation. With auscultatory measurement, Korotkoff
sounds phase I (onset of two consecutive taps during cuff
deflation) and V (disappearance of sounds) are used to
identify SBP and DBP, respectively. If the Korotkoff sounds
can be heard down to zero, oftentimes it is because too
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03,

CO

o
00 4 3
No smoking, Quietroom Comfortable 3-5minrest No talking
caffeine, food, temperature during or
exercise 30min between
before measurements
Cuff to fit arm size
(small, usual, large)
Arm bare and resting.
Mid-arm at heart level Validated electronic
Back .
rted upper-arm cuff device
suppo -T (www.stridebp.org)

Office: Triplicate measurements
(average of the last 2) - repeated visits
Home: Duplicate morning and evening
measurements for 7 days (at least 3)

1 min interval between measurements

Feet flat on
the floor

Fig. 2 Recommended conditions and technique for accurate blood pressure measurement in children and adolescents.

much pressure has been applied over the brachial artery. In
that case, it is best practice to repeat the measurement
applying less pressure; alternatively, K4 can be reported
as the diastolic value (1,33). Inflating the cuff to the peak
inflation level is key, as insufficient inflation could allow the
sounds occurring after the auscultatory gap to be confused
as K1, resulting in an underestimation of BP. Peak inflation
level is 20-30mmHg above the point at which the radial
pulse is obliterated during cuff inflation.

Hypertension diagnosis and the importance of
out-of-office blood pressure measurement
Hypertension is suspected when the average manual BP is
elevated above diagnostic thresholds, over several visits,
after which several additional steps are needed for confir-
mation. In children with suspected HTN, BP should be

558
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measured in both arms and one leg (see below) and then
on at least two additional office visits. As mentioned earlier
(Table 1), the threshold by which HTN should be suspected
in children and adolescents varies by region, with percentile-
based definitions used for younger children (<13 years in the
US and Canada, <16years in Europe) and static cut-points
used for older patients (>130/80 in the US and Canada,
>140/90 in Europe) [51]. The intervals between the visits
depend on the level of BP elevation, usually within weeks, or
within days if BP values are suggestive of stage 2 HTN.
While HTN is most often diagnosed based on office/clinic
BP measurements, out-of-office BP measurements also play
an important role in the confirmation of HTN, as well as its
chronic management. Out-of-office BP meaurements have
superior reproducibility to office measurements and stronger
association with indices of preclinical target-organ damage
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TABLE 2. Inaccuracies in blood pressure values caused by incorrect technique

Potential source of inaccuracy

Patient preparation
Acute meal ingestion
Acute alcohol ingestion
Acute caffeine consumption

Acute nicotine use or exposure (smoking, vaping, pouch)

Bladder distension
Insufficient rest period
Patient positioning/Room characteristics
Cold room
Public area
Arm unsupported
Mid-arm lower than heart level
Back unsupported

Effect on SBP (mm Hg)

Youth hypertension

Effect on DBP (mm Hg)

Legs crossed

Patient standing

Supine
Device and cuff characteristics

Device not calibrated

Too small cuff size

Too large cuff size
Measurement technique

Cuff placed over clothing

Not significant effects

-6 -5t0-1.9
+23.6 to +24 +1.4 to +4
+3to +14 +2.1to +13
+2.8 to +25 +2 to +18
+4.2 to +33.0 +2.8 to +18.5
+1.0to +11.6 +1.8 to +4.3
+5 to +32 +4 to +23
-0.7 to +0.1 +1.45 to 1.65
+3.9 to +6.5 +2.7 t0 4.8
+3.7 to 23 +2.8t0 +12
+0.7 to +2.3 +1.8 to +6.5
+2.51t0 14.9 +1.4t0 +10.8
-2.9 to +5 +7
-10.7 to +9.5 -13.4to0 +6.4
Variable Variable
+2.1 to +19.5 +1.6to0+7.4
-1.0t0 -6.5 -1.0t0 -5.0

Not significant effects

Stethoscope placed under cuff +1.0 to +3.1 -10.6 to -3.5
Talking during measurement +4 to +19 +5to +14.3
Use of stethoscope bell -3.8t0-1.5 -1.6
Excessive pressure on stethoscope Not significant effects -15 to -9
Deflating cuff too fast (>3 mmHg/s) 9to-2.6 +2.1 to +6.3
Observer characteristics

Observer hearing deficit -1.6 t0 -0.1 +1.1to +4.3
Recording K4 vs. K5 for DBP Not applicable +12.5
Relying on a single measurement +3.3t0 +10.4 +2.4 10 +5.1

Terminal digit preference

1% to 79% overrepresentation of terminal of O 3% to 79% overrepresentation of terminal of 0

Adapted from Muntner et al. [45] and updated from [46-50].

[52]. Specific indications for out-of-office BP measurement
are summarized in Table 3.

Twenty-four-hour ambulatory BP monitoring (ABPM) is
the preferred modality for out-of-office measurement in
children and adolescents. Despite wider availability of
home BP monitoring (HBPM) both in high and low re-
source settings, in the pediatric population there is limited
evidence on its accuracy, especially for diagnosis of HTN.
Given this, home BP monitoring is only considered accept-
able for monitoring and managing existing HTN in the
United States and Canada [2,53,54], while in in Europe
HBPM is additionally recommended for the diagnosis of
HTN [1,55]. While there are emerging data on the clinical
utility of HBPM in youth [56], larger studies of HBPM in
children and adolescents are still needed in order to resolve
these differening recommendations.

Twenty-four-hour ABPM requires specialized equip-
ment and trained staff to initialize the monitor and down-
load the data for interpretation, so children and adolescents
should be referred to centers with expertise when pursuing
ABPM. This method is considered the reference standard
because it can provide 60—70 measurements during routine
activities over a 24-h period, with wake and sleep measure-
ment averages provided, allowing one to detect not just
white-coat and masked HTN, but also nocturnal HTN and,
dipping patterns, both of which contribute to CVD risk

Journal of Hypertension

assessment [53,57]. For home BP, 5—7 days monitoring (no
less than 3) is required, with duplicate morning and evening
measurements to average 12—28 readings. ABPM is the
reference method for assessing nocturnal HTN; yet novel
low-cost automated HBPM devices may soon allow the
evaluation of nocturnal BP profile with satisfactory agree-
ment compared to ABPM [58]. As with office devices, ABPM
and home BP monitors should be validated and used with
appropriate brand-specific cuff sizes. The methodology for
out-of-office BP monitoring is summarized in Table 4.

TABLE 3. Clinical indications for out-of-office blood pressure
monitoring (ambulatory or home®)

e Confirmation of hypertension diagnosis before treatment initiation, or
investigation for secondary hypertension

e Suspected white-coat or masked hypertension

e Diagnostic disagreement between office and out-of-office blood
pressure measurements

e Confirmation of resistant hypertension

e Evaluation of blood pressure control in treated children (home blood
pressure)

e Assessment of nocturnal hypertension and nondipping (ambulatory
blood pressure preferred)

e Special populations (diabetes mellitus, chronic kidney disease, severe
obesity, sleep apnea, autonomic dysfunction, solid-organ transplant,
repaired aortic coarctation)

e Assessment of symptoms suggesting hypotension.

“The research evidence is much stronger for using 24-h ambulatory than home blood
pressure monitoring in children and therefore this method should be preferred when
accessible and accepted by users.
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TABLE 4. Methodology for out-of-office blood pressure
monitoring

Ambulatory/home blood pressure monitoring

e Use of devices validated in children with appropriate cuff size

Ambulatory blood pressure monitoring

e Perform preferably on a routine school day

e Fit monitor on nondominant arm

e Measurements at 15-30 min intervals during the day and night

e At least 20 valid awake and 7 asleep BP readings required (70% valid
measurements)

e Define awake/asleep blood pressure according to the individual’s diary

Home blood pressure monitoring

e Measurements for 7 days (at least 3days), preferably school days

e Before drug intake if treated and before meals

e Duplicate morning and evening measurements after 5min rest with 1-
min interval

Office and ABPM can be combined to categorize the
patient’s BP phenotype, as summarized in Table 5. White-
coat HTN — when BP is elevated solely in the office setting
— in children and adolescents seems to be an intermediate
CVD risk phenotype [59] that needs long-term follow up
along with lifestyle modification. Masked HTN — when BP
is solely elevated in the out-of-office setting — in children
and adolescents has been associated with similar TOI and
CVD risk as sustained HTN and may be an indication for
echocardiography and pharmacological treatment initiation
[59,60]. The risk of masked HTN is low in children with
office BP levels less than 25th percentile [61], while it is
higher in children with obesity and/or sleep apnea, as well
as those with chronic kidney disease and coarctation of the
aorta [62]. Diagnosis of both conditions needs repeated
office and out-of-office BP measurements with ABPM being
particularly important when masked HTN is manifested as
isolated nocturnal HTN [53]. HBPM may also be used to
detect masked HTN, although pediatric studies are limited.

DIAGNOSTIC EVALUATION

Targeted birth and medical history

Medical history is crucial when evaluating pediatric HTN.
Because primary HTN, even in cases of pediatric onset, has
a significant hereditary component, any history of HTN in
first-degree relatives or early-onset CVD should be docu-
mented [63]. Birth and perinatal history should be carefully
reviewed as both maternal conditions such as HTN or
preeclampsia, and infant characteristics such as prematuri-
ty, small for gestational age status, or stay in a neonatal ICU
have been associated with an increased risk of HTN [64].
Any history of renal disease or anomalies should be ex-
plored, since renal causes are the most common secondary
cause of HTN in children [65]. For example, inquire about
congenital anomalies of the kidney and urinary tract noted

TABLE 5. Blood pressure phenotypes based on office and
ambulatory measurements

Ambulatory BP Office BP
Normal blood pressure Normal Normal
Ambulatory hypertension Elevated Elevated
White coat hypertension Normal Elevated
Masked hypertension Elevated Normal
560 www .jhypertension.com

on prenatal ultrasound or any diagnosis of chronic kidney
disease. Past medical history of severe illnesses or treat-
ments (such as repaired coarctation of the aorta, cancer
therapy, organ transplant, or prolonged corticosteroid use)
should also be reviewed, as these can contribute to HTN
and/or the risk of future clinical events.

Key aspects of physical examination

A thorough physical examination should be performed,
focusing on stigmata of conditions associated with HTN,
and signs of hypertensive TOI. Height and weight should
be measured and BMI calculated to assess for obesity or
poor growth, since obesity often contributes to primary
HTN and growth delay may indicate chronic disease. Once
HTN is confirmed, BP should be measured in both arms and
in the leg to check for discrepancies suggestive of coarcta-
tion. Clues to secondary HTN should be sought, for exam-
ple, weak femoral pulses, low leg BP, or a murmur suggest
coarctation; an abdominal mass or bruit may indicate a
renal or renovascular cause; and unusual skin or facial
features can point to a genetic or endocrine disorder known
to be associated with HTN. Signs of HTN-induced target
organ damage, such as retinal changes or cardiac strain,
should be noted. Especially in children above the age of 6
years, the physical examination is typically normal in youth
with HTN, apart from obesity which is common.

Screening for secondary causes of hypertension
A sequential approach to screening for secondary causes of
HTN is recommended by all major guidelines. This reflects
the predominance of primary HTN in an unselected popu-
lation of children presenting with HTN. Nevertheless, sec-
ondary causes are more common among children than
adults with HTN, and the yield of further testing increases
with reducing age and an increasing severity of HTN (Box
2) [63]. The 24-h BP phenotype also helps to stratify risk, a
normal nocturnal BP making secondary HTN unlikely [66].

Box 2 Indications for an extensive work-up

Age less <6 years

Age 6-12years without obesity or HTN in parents

Stage Il HTN in a child without obesity of any age

HTN accompanied by TOI

Severe acute HTN

Family history of secondary HTN

The presence of a syndrome associated with secondary HTN.

NoukwNn =

Table 6 outlines those tests that should be performed in
all children with confirmed HTN and potential additional
investigations for selected cases [67]. There is some diver-
gence internationally on the inclusion of urinary tract
ultrasound for all children vs. a selected population only.
Similarly, echocardiography may not be necessary in all
patients, and in some settings may need be prioritized
depending on access to pediatric echocardiography.

The key to a targeted screening approach lies in appro-
priate patient selection. Tests such as those for Cushing
syndrome or phaeochromocytoma and paraganglioma will
overwhelmingly yield false-positive results in an unselected
population. However, in a child with a faltering growth
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TABLE 6. Sequential evaluation of childhood hypertension
Al children

Urea and electrolytes, serum calcium/
magnesium/phosphate, serum creatinine

Urine dipstick®

Renal tract ultrasound with Doppler®

Echocardiography®

Risk stratification and Lipids
detection of
metabolic syndrome

HbA1c (plus fasting glucose in high-risk)
Liver function tests (liver ultrasound in high-
risk)

Consider based on Plasma renin activity and serum aldosterone

history and

examination, or any

child with severe or

difficult to control

hypertension®

Thyroid function tests

Urine or plasma metanephrines

Cortisol testing — any of: low-dose
dexamethasone suppression test, 24-h free
urinary cortisol, and late-night salivary
cortisol

Dimercaptosuccinic acid scan

Cross sectional imaging or digital subtraction
angiography?

Sleep study

Full blood picture

Testing for monogenic disorders: genetics,
urine and plasma steroid profile

Inflammatory markers

Drug screen

“First morning urine protein-to-creatinine if dipstick >1+; dipstick not valid if urine
specific gravity <1.005.

bIf not routinely, then in young children (<6years) and those being considered for
pharmacotherapy.

“Urinary or salivary cortisol should be measured twice to minimize the impact of day-to-
day variability.

9The latter being preferable when available and there is a high index of suspicion.
Severe or difficult to control hypertension — any of: unexpected grade Il hypertension,
more than mild symptoms, hypertension not controlled on two or more medications.
Adapted from Larkins N and Roebuck D [67].

velocity or severe HTN, these tests may yield treatable
causes that have broader implications for their health.
Plasma renin activity (or direct renin concentration) is no
longer recommended in all children as it is a poor predictor
of renovascular disease. In the correct setting, on the other
hand, a suppressed renin level can suggest monogenic
causes of HTN, which mostly increase the activity of aldo-
sterone and/or sodium resorption, leading to an appropri-
ate physiologic reduction in renin. There has also been a
change from measuring catecholamines directly to the use
of metanephrines use of plasma metanephrines, which
have a higher specificity compared to catecholamine mea-
surement [68].

Advanced diagnostics/target organ assessment
When treating children with HTN, assessment of HTN
mediated preclinical TOI is essential. Decisions regarding
the initiation of pharmacotherapy, drug class selection, and
risk stratification all benefit from evaluating target organ
damage. When abnormal or when there is uncertainty
about treatment adequacy, sequential measurements can
be helpful.

(1) Heart: Echocardiography is recommended. Left ven-
tricular function, left ventricular mass (LVM), and its
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geometry should be assessed [1,2]. LVM should be
calculated using the cube formula, indexed by hei%ht
to yield the left ventricular mass index (LVMD) in g/m*’
and compared with age-appropriate percentiles. Sim-
plified LVM thresholds for older children are also used,
although there remains controversy about the optimal
approach. [1].

(2) Kidneys: Urinalysis and assessment of estimated glo-
merular filtration rate should be performed. While
abnormalities due to primary HTN are rare in child-
hood, these also assist in screening for renal parenchy-
mal disease, which is the most common cause of
secondary HTN in children.

(3) Blood vessels: Although reference values exist for
carotid intima-media thickness and pulse wave velocity
in children, routine assessment to stratify risk in hyper-
tensive youth cannot be recommended; at present their
use remains limited to research [1,2].

(4) Other tests, such as fundoscopy, are reserved for chil-
dren with severe symptomatic HTN. Routine brain
imaging is not recommended for asymptomatic chil-
dren [1].

THERAPY OF HYPERTENSION

Efficacy of lifestyle measures as treatment of
hypertension

Lifestyle modification is often the first step in managing
pediatric HTN and is feasible in busy primary care settings
worldwide. Before starting antihypertensive medications,
among children with no significant comorbid conditions
and asymptomatic stage 1 HTN, or in some cases, stage 2
HTN linked to obesity, a 6-month trial of nonpharmaco-
logical management is typically recommended [69]. How-
ever, drug therapy should not be delayed for a longer time if
HTN persists. Notably, even when antihypertensive med-
ications are initiated, maintaining lifestyle changes remains
crucial for facilitating optimal BP control. This section
briefly outlines practical, low-cost actions tailored to family
culture, resources, and local environments. Where avail-
able, structured supports (e.g., dietitian-led counseling,
school-based activity programs, mindfulness/yoga) can
be added to enhance adherence (Fig. 3).

Diet

In general, dietary patterns emphasizing fruits and vegeta-
bles, whole grains, legumes, nuts, and low-fat dairy (to
increase potassium, magnesium, calcium, and fiber) and
plant-based protein as well as reduced sodium consump-
tion are helpful for the prevention and management of HTN
in children and adolescents. An example is the DASH diet
(Diet Approaches to Stop Hypertension), illustrated in
Fig. 3, which has been shown to be an effective intervention
for lowering BP in adolescents [70,71]. Several other healthy
eating patterns, including Mediterranean or Nordic diets,
can also have a beneficial effect on BP control in children
and adolescents [72—74]. Implementation of healthy dietary
habits in early childhood has shown long-term protective
effects and improved adherence during adolescence [73].
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Movement and Body Weight

« Maintain healthy weight (BMI-for-age <85th
percentile; waist-to-height ratio <0.5)

« Moderate to vigorous physical activity at
least 3—5 days/week (30—60 min per session)

« Limit sedentary time <2 hours/day
recreational screen time

Body and Mind

Food and Drink

« Eat >5 servings/day fruits & vegetables

« Whole grains: 3-6 servings/day

« Dairy: 2-3 servings/day (low-fat after age 2)

« Lean proteins (fish, poultry, beans, nuts)

o Limit sodium: <1500 mg/day if BP elevated,
<2300 mg/day if BP normal

- Limit added sugars <25 g/day; avoid sugary
drinks

« Water as primary beverage

¢ 9

% .0

/ fad

Other

o Sleep: 9-12 h (6—12 yrs), 810 h (13—-18 yrs)

» Reduce stress: mindfulness, play, relaxation

« Balanced digital use; avoid screens 1 h before
bed

e

=
v Vv
-~

I

P =

» No tobacco, vaping, or substance use

« Limit exposures: secondhand smoke, air
pollution

» Regular paediatric checkups: growth, BP,

Qe &
&
Cgn

Fig. 3 Core lifestyle recommendations for the prevention and management of elevated blood pressure in children and adolescents.

Any dietary counseling should be tailored to the children’s
or adolescents’ preferences, family culture, and socioeco-
nomic context [75].

Dietary sodium intake remains a key, modifiable driver
of elevated BP in youth [76,77]. The primary sources of
sodium in children’s diet are processed and ultra-processed
foods as well as discretionary intake of table salt or other
sodium-containing additives. Cultural food practices and
regional cooking patterns also influence sodium sources,
highlighting the need for culturally appropriate counseling
[78]. Education should be provided to youth and their
families regarding the amount of sodium in their primary
sources of food, how to select lower sodium options, and
the potential impact on their BP [79] Avoidance of sugar-
sweetened beverages, which increase salt consumption
and the risk of obesity [80], should also be recommended.
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In adolescents, a sodium intake of 2000 mg/day is recom-
mended, whereas in younger children, sodium intake
should be limited based on age-appropriate energy require-
ments. The adjustment of recommended sodium intake
based on energy requirements is recommended because
of the positive association between energy requirements
and sodium intake. If country-specific data are not avail-
able, data from another country with similar population
demographics and dietary habits can be used to make this
adjustment.

Physical activity

Individual and school-based physical activity is an impor-
tant strategy for preventing and managing pediatric HTN [1].
A practical target is at least 60 min of moderate-to-vigorous
aerobic exercise daily, such as brisk walking, jogging,
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cycling, swimming, or team, at least 3—5days per week
(30-60min per session), depending on age group [1].
Regular physical activity has been shown to reduce SBP
by 2—-4mmHg, especially in overweight or sedentary youth,
while also contributing to obesity prevention [1,81]. High-
intensity interval training programs are associated with
small but significant reductions in both systolic and diastolic
BP [82]. Combining physical activity with dietary or weight-
loss programs had a significantly higher reduction in both
SBP and DBP compared to diet-only or physical activity-
only intervention [83]. There is a direct association between
sedentary behavior and a high risk of HTN. Therefore,
sedentary recreational screen time should be limited to 2
h per day [84]. additionally, school-based interventions,
including structured physical activity programs, health ed-
ucation, active recess, and movement-friendly environ-
ments (e.g., “walking school buses”), are especially
effective in lowering BP and promoting lasting behavioral
change [84,85]. The only limitation to exercise participation
is in patients with uncontrolled stage 2 HTN, who should be
restricted from participation in competitive sports until their
BP has been controlled (1).

Stress reduction and sleep habits

Complementary medicine interventions have shown prom-
ising results for controlling BP in youth, especially those
focusing on stress reduction [69]. Mind-body interventions
such as mindfulness-based yoga, diaphragmatic deep
breathing, and school-based relaxation curricula offer ben-
eficial effects for children and adolescents at risk of HTN [2].
African—American adolescents practicing breathing aware-
ness meditation experienced 4—5mmHg reductions in both
resting and ambulatory SBP after three months [86]. School-
based yoga and mindfulness programs in adolescents (ages
~12-13years) enhanced emotional regulation, coping, and
concentration, psychological benefits that support BP con-
trol in pediatric context [87]. In younger children (ages 7—8
years), mindfulness-oriented meditation improved atten-
tion and internalizing behavior-stress mediators influencing
cardiovascular function [88]. Diaphragmatic breathing inter-
ventions in children and teens (6—18 years) consistently
reduced stress and anxiety by enhancing parasympathetic
activity, which may lower sympathetic-driven BP increases
[89]. Finally, there is growing evidence that short sleep
duration is an additional risk factor for HTN [90]. Therefore,
it is important to promote a healthy sleep duration accord-
ing to the patient’s age group [91].

Weight management

As reviewed earlier, excess body weight is strongly associ-
ated with pediatric HTN [92]. Studies consistently show that
dietary interventions promoting weight loss also improve
BP and other cardiometabolic parameters [93]. Sustained
weight reduction in children with overweight or obesity has
been associated with SBP reductions of 7—10 mmHg [94]. In
primary care, emphasis should be on specific, low-cost
behaviors including dietary changes to reduce intake of
high sodium, ultra-processed; aligning calorie intake with
growth and activity; and improving physical activity while
reducing sedentary time. Where feasible, dietitian-guided
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counseling, community or school-based activity programs
can be added to improve adherence. Family engagement is
key to achieving and sustaining a healthy weight in youth.
For example, motivational interviewing and caregiver
modeling, where parents adopt the same eating and activity
patterns, are also effective in facilitating behavioral change
[95]. Lifestyle changes are especially effective when they are
tailored to cultural and socioeconomic contexts [96]. Other
practical strategies include a supportive home environ-
ment, regular family meals, clear rules regarding snacks
and portion sizes, and limiting sugar-sweetened beverages.
Implementation of dietary and lifestyle changes can be
challenging and requires a multidisciplinary team, includ-
ing physicians, dietitians, social workers, psychologists,
and nurses [69].

Key aspects of lifestyle approaches to HTN management
are summarized in Box 3.

Box 3 Lifestyle approaches to hypertension

1. For asymptomatic Stage 1 (and some obesity-related Stage 2) HTN,
start with a 6-month trial of nonpharmacological care even when
medications are used. Sustained lifestyle change remains essential.

2. Shift toward fresh, minimally processed, lower-sodium foods rich
in potassium/magnesium/calcium/fiber; reduce ultra-processed
items and sugary drinks. Use simple, culturally tailored strategies in
any setting; add dietitian support where available.

3. Aim for >60min/day of moderate-to-vigorous activity 3—5days per
week, and limit recreational screen time to <2 h/day. Sports
participation is acceptable except in those with uncontrolled Stage
2 HTN; school-based activity offers additional advantage.

4. Promote consistent sleep based on age. Encourage participation in
mindfulness/yoga programs when resources allow.

5. Emphasize caregiver modeling, motivational interviewing, and a
supportive home food environment; add multidisciplinary and
community/school programs where feasible.

Implementation of lifestyle measures

Family counseling and education

Implementation of heart healthy behaviors including
healthy food choices, regular physical activity, proper sleep
hygiene and avoidance of smoking and vaping should be
emphasized at every pediatric clinic encounter. Because
these are learned behaviors, successful implementation
depends on early and consistent adoption, and outcomes
are strengthened when youth observe adults modeling the
same practices. For this reason, inclusion of other house-
hold members should be encouraged [97]. A notable feature
of pediatric HTN is that it is typically asymptomatic which
means there is often no physical cue to motivate heart-
healthy lifestyle changes. Incorporating motivational inter-
viewing (Table 7), assessing readiness for change, and
identifying individual motivators (a youth’s personal
‘why’) can foster greater engagement and buy-in and lead
to greater success. Consideration of the child’s develop-
mental stage and family dynamics is critical. Any interven-
tion will need to consider the local context, including
pertinent social determinants of health such as food inse-
curity, well tolerated outdoor spaces, and access to schools
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TABLE 7. Motivational interviewing in pediatric patients

Process

Engaging

Focusing

Evoking

Planning

Rationale

Key elements

Build rapport; understand family values,
context, and social determinants of health;
explore how these constructs impact health
behaviors and/or beliefs regarding nutrition
or physical activity.

Collaboratively identify and prioritize specific
behaviors for change; respect autonomy.

Use open-ended questions, supportive
feedback, active listening with validating
responses and concise summarizing to elicit
intrinsic motivation.

Develop practical, sustainable action steps with
tools such as SMART goals and readiness
rulers; tailor to developmental stage and
family circumstances.

Enhances engagement, respects autonomy,
and fosters sustainable lifestyle change by

Adaptations for younger children

Engage parents/caregivers as primary partners;
explore their concerns and motivations.

Focus on parent-driven priorities (e.g., healthy
meals, routines); align with family decision-
making authority.

Draw out parent motivation to model and
support healthy behaviors; emphasize
parental role in shaping environment.

Plans center on family-wide strategies with
parents reinforcing goals and monitoring
progress.

Parent motivation drives behavior change;

integration into anticipatory guidance is key.

Adaptations for adolescents

Establish direct rapport with the adolescent
while still acknowledging family context.

Focus on adolescent’s own goals (e.g., physical
activity, diet choices), while incorporating
family support.

Draw out adolescent’s personal reasons for
change; encourage self-expression and
agency.

Plans emphasize adolescent-led goal-setting,
with parents providing reinforcement and
accountability.

Adolescent motivation drives change;
integration into anticipatory guidance and

leveraging intrinsic motivation rather than
external directives.

obesity/hypertension management is key.

Adapted from motivational interviewing and pediatric counseling best practices [95,96].

with physical education programs and free and reduced
meal provisions. In youth, technology-based support such
as smartphone apps can improve engagement in and ad-
herence to lifestyle measures.

Tools and resources for healthcare providers

Part of the challenge with implementing heart healthy
lifestyle behaviors in children is that pediatric and/or family
focused tools are fewer in number and more complicated
than what is available for adults. Professional societies and
others have worked to bridge this gap by offering online
resources, phone applications, and short videos targeting
pediatric patients and their families. Examples of some of
these resources are provided in Table 8.

Policy/public health implications

With the continuing increase in prevalence of children
with HTN worldwide, it is imperative that efforts to treat
pediatric HTN involve stakeholders beyond the usual
medical system. Differences in policy and practice be-
tween countries have been barriers in improving HTN
care, especially when encompassing additional risk fac-
tors such as obesity[98]. A survey of pediatric nephrolo-
gists across 54 countries found that while most
respondents recommended lifestyle changes or a combi-
nation of lifestyle changes and medication as first line
treatment for HTN, patient nonadherence was a significant
barrier to control [99]. Lack of knowledge of the impor-
tance of treating HTN and patient reluctance towards
treatment were highlighted as additional barriers. How-
ever, the infrastructure and resources to address these
barriers were limited. The WHO recently outlined a global
roadmap to address pediatric HTN [100]. Among the areas
highlighted by the WHO was the need for improved
guidance on lifestyle changes for youth and families
and that guidance on HTN management should be context
sensitive. Regional differences in diet and lifestyle habits
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should be considered so that recommendations are rele-
vant to each patient population. The WHO also recom-
mended piloting different models for HTN screening
including the use of school-based approaches. Indeed,
only 22% of children undergo HTN screening through
school-based clinicians [99], so this may be a promising
avenue to not only improve screening practices but also
provide personalized guidance on lifestyle measures to
treat HTN. Education should also extend beyond the
patient to include families for a life-course approach.

Medication therapy

Treatment with antihypertensive medication should be
considered when the level of BP remains persistently
elevated and resistant to improvement despite lifestyle
interventions for more than 6—12months. Exceptions to
this would be patients presenting with hypertensive emer-
gencies, symptomatic HTN, with comorbid diabetes mel-
litus or chronic kidney disease or established HTN
mediated TOI; in such patients, medications should be
initiated immediately. The decision to start medication
treatment should not be based solely on the child’s BP
level, but additionally should take into consideration any
comorbidities and the underlying cause in those with
secondary HTN.

Regardless of management with antihypertensive med-
ications and/or lifestyle modifications, the treatment goal
recommended by the American Academy of Pediatrics
(AAP) Clinical Practice Guideline is less than the 90th
percentile in young children and less than 130/80 mmHg
in adolescents at least 13 years old; whereas the ESH guide-
line recommends a goal of below the 95th percentile, or less
than 140/90 in adolescents at least 16years old. A lower
target is encouraged by the AAP and European Society of
Hypertension in those with diabetes mellitus and/or chron-
ic kidney disease, especially if presenting with proteinuria
[1,2].
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TABLE 8. Resources to support lifestyle change

utrition and diet changes

Resource Region Description Short Link
American Heart Association Handout USA lllustrated guide explaining sodium limits https://tinyurl.com/AHA-sodium
- Education and label reading for families.
“Why Should I Limit Sodium?” - Practical tips
- How to learn more
Johns Hopkins University Video USA Video showing how to interpret sodium https://tinyurl.com/4vjin7u2v
- Education and sugar on labels using real examples.
“Salt Shakedown — How to Avoid - Practical tips
Hidden Sodium at the Grocery
Store”
World Health Organization Fact Sheet Global Global guidance on reducing salt intake https://tinyurl.com/WHO-Sodium
- Education with population-level strategies.
Sodium Reduction - Recommendations for
children and adults
National Heart Lung and Blood Institute  Infographic USA Details foods you should focus on and https://tinyurl.com/DASH-Rec
- Simple foods you should avoid for dietary
DASH: recommendations approaches to stop hypertension
“Tips on What to Eat vs Limit” - Available in English and
Spanish
National Heart Lung and Blood Institute Web Resource USA DASH eating plan resources for all ages https://tinyurl.com/5n7nxudc
- Education and calorie intakes, with printable
“DASH Eating Plan” - Links handouts and tools
- Tools
- Recipes
Expanded Food and Nutrition Handout USA Information regarding recommended https:/tinyurl.com/DrinkingRight
Education Program - Education amounts of beverages (milk, juice, water)
- Examples by age
“Making Smart Drink Choices”
Centers for Disease Control and Infographic USA Tip sheet with graphics describing main https://tinyurl.com/CDCSugar
Prevention - Education sources of added sugars and how to
- Practical tips avoid them
“Be Sugar Smart”
Food and Drug Administration Web Resource USA Interactive website with video and links in https://tinyurl.com/FDA-label
- Education English and Spanish to teach adults and
“The Nutrition Facts Label” - Practical tips children how to read a food label
- Video

- Links to learn more
- Spanish version

United States Department of Smart phone application USA Website with links to smart phone app and  https://tinyurl.com/FDAApp
Agriculture - Food tracking instructional video
- Goal focused
“Start Simple with MyPlate App” - Kid friendly with badges

‘1 Physical activity

Resource Region Description Short link
Centers for Disease Control and Web Resource USA Activity recommendations by age with links https://tinyurl.com/CDCMovement
Prevention - Education for examples
- Recommendations by
“Physical Activity Basics” age
- Links to learn more
Johns Hopkins University Video USA Quick home-based video demonstrating https://tinyurl.com/JHUExercise
- Instructional for all kid-friendly activities suitable for small
“How to Get a Good Workout in a fitness levels spaces.
Small Space” - Links with tools
S
@) Sleep
Resource Description Short link
Centers for Disease Control and Prevention Web Resource USA Overview of sleep needs, importance, and  https:/tinyurl.com/SleepBasics
- Education healthy bedtime routines.
Sleep Basics - Recommendations by
age
- Links to learn more
National Heart Lung and Blood Institute Web Resource USA Explains age-based sleep needs and https://tinyurl.com/bdfdwa78
- Education strategies for improving sleep patterns.
“Get Enough Good-Quality Sleep” - Recommendations by
age
- Video
- Booklet link

- Links to learn more
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IS Smoking cessation

Description Short link

Resource
Smokefree Teen Web Resource USA
- Adolescent focused
education

- Tools and Tips

- Links to apps, texting
platforms, Instagram and
how to learn more

Centers for Disease Control and Handout USA
Prevention - Education for healthcare
providers

“How to Help Adolescents Quit
Smoking”

{ 2 Stress management

U.S. site offering interactive quit tools,
text support, and motivational
resources for teens.

https://teen.smokefree.gov/

Clinical guidance and handout for
supporting adolescent tobacco
cessation.

https://tinyurl.com/TeenQuitSmoking

Description Short link

Resource

National Heart Lung and Blood Institute \Web Resource USA
- Education

“Manage Stress” - Video
- Links to learn more

Public Broadcasting Service Web Resource USA
- Education

“Strategies for Managing Stress and - Links to learn more

Anxiety”

Calm App Smart phone application Global
- Education
- Tools
- Links to learn more

National Institute of Mental Health Infographic USA
- Education

“I'm So Stressed Out” - Tips

- Links to learn more

Overview of stress effects on cardiovascular —https:/tinyurl.com/NHLBIStress
health and coping strategies.

Parent-oriented strategies for managing
children’s stress and anxiety.

https://tinyurl.com/PBSStress

Mindfulness and relaxation smart phone www.calm.com
app offering guided meditations and

sleep support.

Visual guide to recognizing and managing
stress in youth.

https://tinyurl.com/AnxietyorStress

Prior to 1997, most medications, including antihyperten-
sives, were rarely studied in children. Following the Food
and Drug Administration Modernization Act (1997) and
European Medicines Agency legislation (2007) incentiviz-
ing pediatric clinical trials, more antihypertensives have
been studied in children, although primarily the newer
medications. Unfortunately, beyond reported effect on
BP level these trials have limited data and are of short
duration, exclude young age groups, and the majority are
not placebo-controlled although may involve a placebo
washout phase [101]. Fortuitously, a systematic analysis of
antihypertensive trial data showed that all the studied
classes of drugs [angiotensin-converting enzyme (ACE)
inhibitors, angiotensin receptor blockers (ARB), calcium
channel blockers, and beta-blocker/diuretic] reduced BPs
by a similar amount in children (~10.7mmHg) [102]. In
clinical practice, the most prescribed medications are ACE
inhibitors followed by calcium channel blockers, and less
frequently beta-blockers and diuretics [103]. The AAP Clini-
cal Practice Guideline recommends initial monotherapy
with an ACE inhibitor, ARB, long-acting calcium channel
blocker, or a thiazide diuretic [2]. Hypertension Canada
Guidelines are similar, although do not include diuretics as
an initial therapy option due to a lack of trial data in children
[101]. The AAP notes that due to the compensatory salt and
water retention following treatment with many antihyper-
tensive drugs, thiazide diuretics may be a preferred second
agent when needed. The ESH pediatric guidelines suggest
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consideration of any of the antihypertensive classes studied
in adults, and also recognize that, when possible, the
antihypertensive may be matched to the etiology or patho-
physiology of the HTN or an associated condition.[1]. Boxes
4 and 5 provide practical antihypertensive medication
prescribing tips and specific drug considerations for comor-
bid conditions.

Box 4 Antihypertensive medication prescribing tips

Tip Example

Use ACE inhibitors or ARBs for
renal scarring (also see Box 2)

Try to match the drug to the
mechanism of the hypertension
if known

Try to use once or twice daily
drugs to improve adherence

If using an ACE inhibitor, ARB, or
CCB consider long-acting agents
(once daily)

Avoid beta-blockers in children with
asthma or high-performance
athletes

Consider calcium channel blockers
in hypertensive children who also
have Raynaud’s

Choose agents that exist in single-
pill combination formulations
(ARB/CCB, ACE inhibitor/diuretic)

Try to avoid drugs that could
exacerbate undesirable
symptoms

Try to pick drugs with desirable
side effect profiles if possible

When multiple medications are
required to reach goal BP,
consider single-pill combinations
to improve adherence.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CCB,
calcium channel blocker.
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Box 5 Clinical conditions and antihypertensive medication considerations

ACEi/ARB

e Chronic kidney disease

e Renal Scarring

e Proteinuria

o Diabetes Mellitus

e Obesity

o Dilated aortic root
Calcium Channel blocker
e Migraine headache

e Raynaud’s Syndrome

Beta-blocker

e Migraine headache

e Repaired aortic coarctation
o Stable heart failure

e Hyperthyroidism

Diuretics

e Glomerulonephritis
e Chronic lung disease
e Edema

e Heart Failure

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker.

In general, the antihypertensive can be started at the
lowest treatment dose and increased if needed every 3—4
weeks or at an appropriate follow-up interval, while moni-
toring for potential side effects (e.g., orthostatic dizziness
with all, cough with ACE inhibitors, ankle/leg edema with
calcium channel blockers). Referral to a pediatric HTN
specialist should be considered if the practitioner is uncom-
fortable with antihypertensive therapy prescribing or a
secondary cause of HTN is identified.

When antihypertensive medication is indicated, pre-
scribing practices should include consideration of other
comorbidities, not just for avoidance of adverse reactions,
but for potential added benefits (renoprotection, headache
management, etc. [Box 5]) which may facilitate buy-in and
adherence. Shared decision making, when possible, and
review of dosing schedules and strategies to help with
consistent administration may empower patients and fami-
lies to take ownership of this aspect of their care. Discus-
sions regarding optimal medication timing (regular time
every day in the morning, or evening, during school day),
use of visual cues and alarms, calendar reminders for
medication refills, how to handle missed doses can all help
with adherence.

Long-term monitoring and transition to adult
care

Long term monitoring of HTN in children and adolescents
would need visits depending on BP stage, and presence of
HMOD. More frequent regular visits and re-assessment of
HMOD may be needed in case of pharmacological treat-
ment and/or uncontrolled HTN. Out-of-office BP monitor-
ing would be ideally performed especially following
initiation of or modification of antihypertensive medica-
tions. HBPM is more commonly used in this phase of care,
with time for adequate teaching, correlation between home
and clinic devices and ABPM in each patient. A key advan-
tage of HBPM is that the lower burden of care facilitates
more frequent out-of-office BP measurement compared to
ABPM, which remains the reference standard but is less
practical at short intervals. Assessment of hypertensive TOI
would be considered at least annually in those children
and adolescents who were found to have it at the time of
their HTN diagnosis. In adolescents, follow-up visits should
also include also assessment for transition to adult care. A
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suggested approach to long-term management is outlined
in Box 6.

Box 6 Follow-up of the youth with hypertension

1. Once BP control achieved, schedule follow-up appointments
every 4-6 months for those with CKD or diabetes and every 6—
12 months for those with no comorbidities. Review progress
with lifestyle measures as well as medication adherence.

2. Encourage HBPM 1-2 times/month, and twice daily for 3-5
days prior to each follow-up appointment. All families should be
provided with a validated home BP monitor if medications are
prescribed.

3. Laboratory monitoring to assess for medication toxicities
(electrolyte disturbances, transaminase elevations, leukopenia,
etc.) 1-2 times per year.

4. Reassess TOI by repeat echocardiography, etc. if abnormal at
initial assessment.

5. Obtain repeat ABPM (if available) for questionable BP control
based on home readings or progression of TOI despite treatment.
Obtain repeat ABPM every 1-2 years in all patients with CKD.

Adolescence is a critical period with unique challenges,
particularly in the presence of chronic health conditions
[104]. Transitioning children with HTN into adult services is
fraught with complications that can result in disengagement
with healthcare services and poor clinical outcomes [105].
Treatment adherence is frequently poor after transfer to
adult care. Among hypertensive young adults, adherence
rates to medication have been reported low [106] with poor
medication adherence has associating with higher risk for
future CVD events at midlife [106]. Optimizing transition
into adult services, by improving adolescent health pro-
grams [107], can mitigate these issues.

Adolescents cite logistical and psychosocial issues as
contributors to challenges transitioning into adult services.
Specific concerns raised include an attachment to pediatric
care givers making them reluctant to leave pediatric ser-
vices; fear of the adult system; concern for a decline in
quality of care; and worry that adult providers will lack
knowledge of their disease or personal medical history
[108]. A sense of self-worth may be lacking in young people
with chronic disease and there may be anxiety around
physical capabilities, adding to the concerns that young
people feel need to be addressed during the transition
period [109].

Adolescents have identified themes that may improve
the chances of successful transition into adult services.
These include means to improve self-confidence; maintain-
ing social connections; ensuring positive environments;
boundaries in relationships between healthcare providers,
parents or guardians and the adolescents; and avoiding the
perception of ill-health [110]. Coordinated healthcare tran-
sition processes have been developed to empower adoles-
cents and have in improved outcomes [108]. Different
countries transfer adolescents into adult healthcare services
at different ages, so transition models need to be flexible
and to account for differences in available resources.

Transition process should ideally start early, at the age of
12—14years in children with early onset HTN. Children and
adolescents should be involved in discussions during med-
ical visits, especially regarding medications and lifestyle
modifications. In areas where a strict pediatric age limit of
18years does not apply, the transfer to the adult clinic can
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be individualized depending on the adolescent’s readiness
and maturity. Key elements of readiness may include
knowledge and understanding of disease and related treat-
ment (lifestyle and/or drug treatment, importance of BP
control), as well as appropriate medical self-management
skills (managing medications, appointment keeping, ability
to recognize and report health issues). Several smartphone
apps have been developed to support self-management
and transition to adult care; early data suggest these may be
helpful if utilized consistently [111,112].

The timing of transfer should be a stable period both in
disease and life (without diagnostic and therapeutic chal-
lenges, family or social life crisis). Combined adult and
pediatric clinics, wherever feasible, may facilitate medical
information allocation and encourage decision sharing, and
avoid unnecessary changes in treatment after transfer that
may increase anxiety and impair adherence. Close follow
up for adherence to treatment and possible adverse out-
comes before and after transfer to adult health units is
needed. Adult HTN units with experience in rare causes
of HIN would be ideal or may be needed for some
hypertensive adolescents. Components of structured mod-
els for transition are summarized in Box 7.

Box 7 Structured models for transition

1. Adult clinicians attending pediatric services; Pediatric clinicians
attending adult health services (where feasible).

2. Dedicated adolescent services allowing intermingling of young
patients with different conditions.

3. Flexibility with age of attendance (extending up to 25years)
allowing mingling with older patients still being followed by the
pediatric provider.

4. Time slots that can accommodate usual school activities

5. Multidisciplinary teams including social workers, psychologists,
nurses, clinicians and dietitians.

6. Progressive introduction of appointments without parents at
individualized pace.

7. Flexible transition which may require reverse transmission

8. Peer mentoring, group appointments and discussions

CONCLUSION

HTN in children and adolescents is no longer a rare or
incidental finding, but a growing global health concern
with profound implications for cardiovascular and kidney
health across the life course. Early recognition, accurate
evaluation, and effective management of elevated blood
pressure in youth are essential to prevent TOI and reduce
the burden of adult CVD. Over the past several decades, a
number of guidelines have been developed to address
pediatric HTN. While these provide valuable frameworks,
their variability in definitions, thresholds, and recommen-
dations has often complicated clinical practice, particularly
in LMICs where resources are limited and context-specific
adaptations are urgently needed. This underscores the
importance of practical and harmonized approaches that
can be applied across diverse health systems, ensuring that
children everywhere receive timely and effective care.
This ISH position paper offers a pragmatic guide
to support clinicians in navigating these complexities.
By emphasizing accurate blood pressure measurement,
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thoughtful diagnostic evaluation, and stepwise manage-
ment strategies, including lifestyle modification and phar-
macotherapy when indicated, we provide this resource that
is both evidence-based and adaptable to different settings.
Ultimately, tackling HTN in youth requires not only clinical
vigilance but also coordinated public health strategies,
family engagement, and policy support. A unified commit-
ment to early detection and effective management will be
critical to mitigate the global rise in HTN.
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