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ypertension in adulthood continues to be a leading
cause of morbidity andmortality worldwide.1 Hyper-
tension in childhood is not uncommon, but due to

the absence of data on future adverse outcomes (eg, heart
failure, stroke, kidney failure), hypertension has been defined
in childhood as systolic or diastolic blood pressure (BP)
³95th percentile of age, sex, and height adjusted normative
BP data. The prevalence of childhood hypertension is
approximately 4%, and the prevalence of elevated BP, a con-
dition of higher risk for progression to hypertension, is
approximately 10%. Therefore, abnormal BP is commonly
identified in pediatric practice. Although secondary causes
of hypertension occur relatively more frequently in children
with hypertention than in adults, the prevalence of secondary
hypertension is low and is usually identified in young chil-
dren or older children with more severe hypertension. There-
fore, primary hypertension is now the leading type of
hypertension in childhood, especially in adolescents.

Early Task Force Reports on Blood Pressure Control in
children and adolescents analyzed available BP data obtained
from healthy children and adolescents. These data demon-
strated a progressive increase in systolic and diastolic BP level
with age and growth. The BP data were published as percen-
tile curves, similar to the standard pediatric height and
weight curves, and hypertension was defined as a BP level
³95th percentile.2,3 Although the percentile curves were
based on cross-sectional data, they implied that a child
with a BP level at given percentile would maintain that
percentile with subsequent growth, similar to the pediatric
height and weight curves. Although evidence was emerging
that primary hypertension could be detected in childhood,4,5

studies to determine whether BP level in a child subsequently
tracked along the same percentile over time reported mixed
findings. It is also recognized that, unlike height and weight,
BP is a measurement that varies according to measurement
ABPM Ambulatory blood pressure monitoring

AGA Appropriate for gestational age

BMI Body mass index

BP Blood pressure

CRAE Central retinal arteriolar equivalent

CVD Cardiovascular disease

cIMT Carotid intimal medial thickness

LVH Left ventricular hypertrophy

LVMI Left ventricular mass index

PWV Pulse wave velocity

SGA Small for gestational age

TOD Target organ damage

VLBW Very low birth weight
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conditions, including position, cuff size, device used, stress,
anxiety, and intrinsic BP variability.
To address the question of whether BP tracks from child-

hood to adulthood, Chen and Wang conducted a systematic
review and meta-regression analysis of published studies on
BP tracking beginning in childhood.6 Fifty published reports
of longitudinal studies met the authors’ inclusion criteria: (1)
the BP tracking correlation coefficient was reported; (2) base-
line age was <18 years at beginning of study; (3) sample size
was >50 participants; and (4) publication was in English, Jap-
anese, or Chinese. Overall, the BP tracking correlation coef-
ficient ranged from �0.12 to 0.80 for systolic BP and from
�0.16 to 0.70 for diastolic BP. Further analysis indicated
that the BP tracking coefficient varied according to baseline
age and duration of follow-up. Based on their complete
meta-analysis, Chen and Wang found a systolic BP tracking
correlation coefficient of 0.18 for children at baseline age
<5 years that increased progressively to approximately 7 years
baseline age and was 0.40-0.43 up to age 18 years.
Subsequent publications have provided insight into factors

that increase the risk for abnormal BP in childhood,
including both modifiable and nonmodifiable factors. Find-
ings from epidemiologic, clinical, and translational research
have expanded our understanding of BP levels in childhood
in the context of the evolution of primary hypertension in
youths. These findings are from trajectory studies, life-
course findings from child to adult prospective studies,
studies on perinatal exposures that increase the risk for sub-
sequent cardiovascular disease (CVD), and findings from
studies of BP-related target organ damage in childhood.
These research-based findings have contributed evidence
for recently updated clinical guidelines on the management
of childhood hypertension.

Life Course BP Risk from Childhood to
Adulthood

Investigators have analyzed longitudinal data on BP and
related risk factors in prospective studies beginning in child-
hood with follow-up into early adulthood to identify any
distinct tracking patterns. The Dunedin Multidisciplinary
Health and Development study enrolled children at age
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7 years with repeated BP measurements to age 38 years in a
cohort of 975 participants. At age 38 years, based on BP level,
participants were classified as normotensive, high normal BP,
prehypertensive (a term now replaced with “elevated BP”), or
hypertensive. Using group-based trajectory modeling, the
trajectory curves delineated a distinct systolic BP pathway
for each BP group with clear separation of the 4 trajectory
curves by age 11 years. The nonmodifiable risk factors for hy-
pertension and prehypertension in young adulthood were
family history of hypertension, low birth weight, male sex,
and first born status. Modifiable risk factors in the higher-
trajectory groups were higher body mass index (BMI) and
cigarette smoking. It is notable that systolic BP remained
<120 mmHg throughout adolescence into adulthood in the
2 lower-trajectory groups.7

Hao et al conducted a similar trajectory analysis on data in
the Longitudinal Stress and Heart Study.8 Data on left ven-
tricular mass index (LVMI) and carotid intimal medial thick-
ness (cIMT) were available for 546 participants. Investigators
identified 3 separate trajectory groups, designated as high-
increasing, moderate-increasing, and low-increasing. There
was clear separation of systolic BP in the trajectory groups
at age 10 years. Systolic BP was >120 mmHg by age 15 years
in the high-increasing group and >120mmHg by age 25 years
in the moderate-increasing group. At age 30 years, both
LVMI and cIMT were highest in the high-increasing group.
These reports on child to adult BP trajectories are supportive
of significant BP tracking. Other recent reports using trajec-
tory analysis have described significant associations of child-
hood adiposity on abnormal BP in early adulthood.9,10

In a systematic review of longitudinal cohort studies, Yang
et al sought to determine whether there are associations be-
tween BP status in childhood with intermediate markers or
hard outcomes of CVD in adulthood.11 Their meta-analysis
determined that elevated BP (³90th percentile) in childhood
or adolescence was associated with intermediate markers of
CVD in young adulthood, including high pulse wave velocity
(PWV) (pooled OR, 1.83; 95% CI, 1.39-2.40), high cIMT
(OR, 1.60; 95% CI, 1.29-2.00), and left ventricular hypertro-
phy (LVH) (OR, 1.40; 95% CI, 1.20-1.64). Their systematic
review also identified associations between elevated BP in
adolescence with CVD and mortality in adulthood. These re-
ports on data in longitudinal child to adult cohorts provide
substantial evidence that abnormal BP in childhood or
adolescence that continues into adulthood confers increased
risk for CVD in adulthood.

Longitudinal Risk of Low Birth Weight and
Prematurity

Barker et al demonstrated a significant association of low
birth weight with higher BP in childhood and with height-
ened risk for CVD in adulthood.12 Subsequent research has
established low birth weight—more specifically, small for
gestational age (SGA)—as a risk factor for future abnormal
BP13,14 and type 2 diabetes.15,16 Based on recent findings,
the associations of abnormal fetal growth with heightened
risk for cardiovascular and metabolic disease extend across
a range of birth weights, postnatal growth patterns, and pre-
mature births.17

Associations of birth weight with the risks for CVD and
diabetes in adulthood was recently analyzed in a meta-
analysis of almost 8 million participants from 135 studies
stratified into 6 birth weight groups.18 Birth weight was asso-
ciated with the risk of type 2 diabetes and CVD in a J-shaped
curve. In contrast, the risk of hypertension was inversely
associated with birth weight. Furthermore, birth weight
>4.5 kg was strongly associated with type 2 diabetes and
CVD in females, suggesting that sex may act as an effect mod-
ifier at the upper tail of the birth weight distribution. Longi-
tudinal studies add relevant insights on the linkage between
fetal growth, postnatal growth, and risk for CVD. The Family
Life Project analyzed longitudinal patterns of obesity and re-
ported that by age 6 years, stable obesity was associated with
both low and high birth weights.19 The UK Millennium
Cohort Study demonstrated that rapid weight gain in early
life was associated with high BMI at age 5 years, with subse-
quent high BMI gains to age 14 years in those who were large
for gestational age at birth.20 A prospective study by Lurbe
et al examined a cohort from birth to the first decade of
life.21,22 Full-term-infants of uncomplicated pregnancies
were stratified as SGA, appropriate for gestational age
(AGA), or large for gestational age. At age 5 years, fasting in-
sulin levels were highest in the SGA group regardless of
weight status at that time. A repeat examination at age
10 years found that children with increased fasting insulin
levels had higher office SBP and plasma triglyceride and
uric acid levels, as well as lower high-density lipoprotein
cholesterol levels. Taken together, these observations suggest
that low birth weight paired with excess adiposity in early
childhood set the stage for higher BP and adverse metabolic
risk factors in childhood.
Evidence is now emerging on functional differences in the

vascular phenotype later in life in individuals with a history of
low birth weight. Arterial stiffness, measured by carotid-
femoral PWV, was found to be higher in adulthood among
individuals with a history of low birth weight compared
with adults who had a normal birth weight.23 In a study of
adolescents, Stock et al reported higher carotid-femoral
PWV in adolescents who were born SGA compared with
those who were born AGA.24 The authors suggested that
the findings of increased vascular stiffness in adolescents
born SGA indicated a condition of early vascular aging.
In addition to vascular stiffness, structural changes in the

vasculature have been measured in carotid arteries, quanti-
fied by cIMT. In the Atherosclerosis Risk in Young Adults
study, investigators reported that among men and women
aged 27-30 years, increased cIMT was found in those who
had experienced severe intrauterine growth retardation and
those who had shown exaggerated postnatal growth.25

Although the carotid artery has been the most frequently
analyzed large vessel, others have suggested that aortic IMT
may be a more discriminating measure in childhood.26 A
recent study found greater cIMT and thoracic aorta IMT in
17
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6-to-8-year-old children born SGA compared with children
born AGA, difference not explained by differences in body
size.27

Premature birth (<37 weeks) generally results in lower
birth weight, although the birth weight may be AGA. Inves-
tigations to determine whether premature birth is associated
with increased cardiometabolic risk factors later in life have
described higher clinic BP, higher ambulatory BP, and
more metabolic risk factors in mid-adulthood compared
with adults born at term.28-31

Advances in neonatal care have led to an increase in sur-
vival rates of even the most premature neonates. More recent
investigations have examined cardiovascular outcomes in
young adults born early preterm (<34 weeks) with very low
birth weight (VLBW: <1500 g). An international study exam-
ined BP levels in adults born preterm with VLBW from 9 co-
horts. Compared with adults born at term with normal birth
weight, systolic and diastolic BP levels were significantly
higher in adults born preterm with VLBW. An important
finding was the higher BP levels in adults born VLBW even
in those not exposed to maternal preeclampsia.32 Another
study compared 24-hour ambulatory BP in young adults
born early preterm, late preterm (34-36 weeks), and term.
Compared with adults born at term, ambulatory systolic
and diastolic BP levels were significantly higher in the adults
born early preterm. The difference in ambulatory BP levels
between the adults of late preterm birth was not significantly
different from the ambulatory BP levels of term birth
adults.29 A report on young adult, apparently healthy survi-
vors born extremely premature or at extremely low birth
weight (<1000 g) examined changes in ambulatory BP
from age 18 years to 25 years. Compared with age-matched
term-born controls, the VLBW young adults had higher
24-hour systolic and diastolic BP in both awake and sleep pe-
riods at age 18 years. The subsequent rate of BP increase to
age 25 years was greater in the VLBW adults compared
with controls.33

As reviewed by Lewandowski et al, being born preterm can
have an impact on cardiac and vascular development with
subsequent growth.34 The cardiovascular risks associated
with premature birth vary according to gestational age at
birth and manifest in later life. In a study of normotensive
young adults born preterm (mean, 32.8 weeks) and term-
born controls, Huckstep et al performed resting and exercise
stress echocardiography.35 At each level of exercise intensity,
ejection fraction was lower in the preterm-born adults
compared with controls, suggesting a reduced myocardial
functional reserve in young adults born preterm. In another
study of young adults born extremely preterm with an
average gestational age of 28 weeks in which exercise stress
testing was performed, young adults born extremely preterm
exhibited impairments in both left and right ventricular
myocardial function reserve compared with age-matched
term-born controls.36 Flahault et al measured left ventricular
dimensions and function using conventional and speckle
tracking echocardiography in a cohort of young adults
born at <30 weeks of gestation and age-matched term-born
18
controls.37 Stroke volume and cardiac output were reduced
in the extremely preterm group compared with controls,
even after adjustment for body surface area. These cardiac
structure and function findings in young adults who were
born extremely preterm indicate a condition likely to in-
crease their susceptibility to early heart failure.
Cardiovascular health profiles were examined at age

25 years in a prospective cohort of young adults born
extremely preterm or VLBW and in term born controls at
normal birth weight. The extremely preterm/VLBW had
higher measures of BP, abdominal visceral fat, fasting
glucose, and C-reactive protein. In addition, those born
VLBW had lower exercise capacity and lower total body
lean mass. Greater increases in weight z-score in childhood
and adolescence predicted less favorable exercise capacity
and visceral fat mass.38

Recent findings on the impact of low birth weight and pre-
maturity on the development of cardiometabolic risk factors
and disease provide new insights from a life course perspec-
tive. Children with a history of these conditions would
benefit from efforts to optimize cardiorespiratory fitness,
avoid excess adiposity, and monitor BP levels beginning in
early childhood. It is essential that health care providers be
aware of the potential risks and are proactive and timely in
their approach.

Hypertension-Related Target Organ Damage
in Childhood

Several cross-sectional studies in adolescents with confirmed
hypertension have reported LVH based on echocardio-
graphic measurements.39-41 Evidence of LVH has even been
detected in adolescents with prehypertension. In a cohort
that included patients with type 2 diabetes, higher LVMI
was found among prehypertensive adolescents compared
with normotensive adolescents.42 Primary hypertension in
adolescents is often associated with obesity, and obesity is
also associated with increased LVMI.43,44 A cross-sectional
study of African American adolescents examining the effects
of prehypertension and obesity on LVMI found significantly
higher LVMI in prehypertensive adolescents compared with
normotensive adolescents. LVMI was highest, with signifi-
cantly more LVH, in adolescents with both prehypertension
and obesity. The associations of prehypertension and obesity
with LVMI were independent and additive.45

The findings of LVH in prehypertensive (BP from 90th to
<95th percentile) adolescents raised a question regarding
the BP threshold linked with target organ damage (TOD) in
childhood. This issue was addressed in the Study of Hyperten-
sion in Pediatrics: Adult Onset of Hypertension in Youth
project.46 To determine the optimal BP percentile associated
with LVH in youths, a cohort of healthy adolescents age 11
to 19 years was enrolled. Based on office BP measurements
(average of 6 BP measurements at 2 visits), participants
were stratified according to average systolic BP to 3 groups:
low risk, BP <80th percentile; mid risk, 80th to <90th percen-
tile; and high risk, ³90th percentile. The groups were matched
Falkner and Lurbe
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by age and demographics with a slight difference in BMI.
Mean BP and LVMI and prevalence of LVH were increased
across groups; for LVH prevalence, 13% for the low-risk
group, 21% for the mid-risk group, and 27% for the high-
risk group. Systolic BP percentile remained a significant deter-
minant of LVMI after adjusting for covariates, and the 90th
percentile for systolic BP had the best balance between sensi-
tivity and specificity in predicting LVH (LVMI >38.8 g/m2).
These findings indicate that abnormal cardiac mass can be
found at BP levels below the 95th percentile in adolescents.46

A novel echocardiography advancement is the develop-
ment of techniques to measure subclinical changes in left
ventricular strain and diastolic function. In adults, these
changes in cardiac function have been found to precede the
development of decreased left ventricular ejection fraction
and CVD events. A subsequent analysis of data in the afore-
mentioned cohort sought to determine the effects of BP level
on left ventricular strain and diastolic function across the 3
BP groups. Mid-risk and high-risk participants had greater
adiposity and more adverse metabolic measures (ie, lower
high-density lipoprotein, higher glucose and insulin levels)
compared with the low-risk group. The mid-risk and high-
risk participants had significantly lower left ventricular ejec-
tion fraction and peak global longitudinal strain compared
with the low-risk participants. The E/e’ ratio was significantly
higher in the high-risk group compared with the low-risk and
mid-risk groups, and the e’/a’ ratio was lower in the high-risk
group compared with the low-risk group. BP and adiposity
were statistically significant determinants of impaired left
ventricular systolic and diastolic function. These findings
indicate that subclinical changes in cardiac function can be
detected even below BP levels that currently define hyperten-
sion in youths.47

Other evidence of TOD associated with hypertension in
childhood have been demonstrated, including elevated
PWV, indicating vascular stiffening,40 as well as increased
cIMT48 and endothelial dysfunction, consistent with large
vessel injury. More recently, microvascular changes associ-
ated with BP have been described in childhood. Using retinal
photography in school children (median age, 12.7 years), a
decrease in arteriolar diameter was associated with higher
BMI.49 Young children (aged 6 years) with low birth weight
were also reported to have retinal arteriolar narrowing
compared with young children of normal birth weight.50 In
a recent cross-sectional study, Kochil et al investigated retinal
vessel dimensions in relation to other CVD risk factors in
1171 primary school children (age 6-8 years).51 Measure-
ments included central retinal arteriolar equivalent (CRAE)
and central retinal venular equivalent diameters, BMI, BP,
PWV, and cardiorespiratory fitness, based on standardized
procedures for children. Both children with high normal
BP and those with BP in the hypertensive range had narrower
CRAE and higher PWV compared with children with normal
BP. Similar differences were found when children with over-
weight and obesity were compared with normal-weight chil-
dren. However, children with the highest level of
cardiorespiratory fitness had wider CRAE and lower PWV
Primary Hypertension Beginning in Childhood and Risk for Future
compared with children with the lowest level of cardiorespi-
ratory fitness, indicating a potential vascular benefit of
greater cardiorespiratory fitness. In a follow-up study of the
same cohort, 262 children were reexamined 4 years later at
age 12 years, and the retinal measurements were repeated.
During this follow-up period, systolic and diastolic BP
increased and CRAE decreased. Children who had elevated
systolic or diastolic BP developed narrower CRAE at
follow-up, and narrowing of CRAE at baseline predicted pro-
gressive increasing BP. These findings indicate progressive
interplay between BP level and microvascular status.52

Among children and adolescents with elevated BP, there is
emerging evidence of increased cIMT and PWV in large ar-
teries with microvascular changes. As reviewed by Litwin
and Feber,53 these BP-related vascular changes, especially in
the context of obesity-mediated metabolic changes, are
consistent with early vascular aging.
Adults with hypertension are at heightened risk for devel-

oping impaired cognitive function that can progress to de-
mentia in later life. A longitudinal study beginning in
childhood reported that systolic hypertension in childhood
and in adolescence was associated with lower cognitive test
performance in mid-adulthood compared with participants
with normal BP in childhood.54 Moreover, evidence is
emerging that adverse effects on cognitive function can be de-
tected in adolescents with hypertension.55 Lande et al
described alterations in cognitive function in adolescents
with primary hypertension.56,57 In a study that included 75
untreated adolescents with hypertension and 75 age-
matched normotensive adolescents, BP status was confirmed
by ambulatory BP monitoring (ABPM) in all participants. A
panel of tests was administered to all participants to quantify
cognitive function in the domains of general intelligence,
attention, memory, executive function, and processing speed.
The hypertensive participants had significantly lower test
scores compared with normotensive participants on mea-
sures of memory, attention, and executive function. In a sub-
sequent study, the investigators evaluated for improvements
in cognitive test performance in the adolescents with hyper-
tension following antihypertensive treatment. Following
12 months of standard antihypertensive treatment, BP,
ABPM, and cognitive function testing were repeated in
both the hypertensive participants (n = 55) and the normo-
tensive controls (n = 66). Although mean BP levels were
lower after treatment, both the hypertensive group and
normotensive group showed improved cognitive test scores,
suggesting a learning effect. However, further data analysis
determined that the adolescents with hypertension who
achieved BP control had cognitive test scores comparable
with those of the normotensive controls, and those who
did not achieve BP control had no improvement in their
cognitive function scores. These findings indicate that the
brain is a site of TOD even in hypertensive youth, and suggest
that changes in cognitive function are potentially reversible
with normalization of BP.
The authors emphasized that the alterations in cognitive

function detected in hypertensive youths are not indicative
Cardiovascular Disease 19
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of mental impairment; they are subtle and significant only
when compared with normotensive controls. Possible causes
for hypertension-related impaired cognitive function in
youths may be alterations in cerebrovascular reactivity, a
physiologic mechanism to maintain constant cerebral blood
flow. Impaired cerebral blood flow regulation is also a plau-
sible cause, based on findings of hypertension-related
vascular and microvascular injury.58 Measuring cognitive
function in hypertensive children is not applicable in clinical
practice at this time. Additional studies of the brain in the
early phase of primary hypertension, including structural
changes with brain magnetic resonance imaging, are
needed.59

BP Measurement Out of the Office

The development of methods and devices for obtaining a
large number of measurements outside of the clinical setting
and under normal living conditions has led to improved BP
risk assessment. The San Francisco experience was the start-
ing point for the clinical application of ambulatory ABPM.
Using a portable BP recorder in hypertensive adults, Sokolow
et al demonstrated that out-of-office BP measured by ABPM
was superior to in-office BP in predicting hypertension-
related organ damage.60 In a subsequent study, Perloff et al
found that ABPM was also superior to in-office BP in pre-
dicting future cardiovascular events.61 These seminal studies
fostered subsequent research on out-of-office BP patterns
that expanded our understanding of BP levels and variability
throughout the day and night. Somewhat later, Pickering
coined the term “white coat hypertension” to describe pa-
tients whose BP levels were elevated in the clinic or office
but not on daytime ABPM.62 Then in 2002, a new term,
“masked hypertension,” was coined to describe a condition
of elevated ambulatory BP in the presence of a normal in-
office BP.63

The first ABPM studies in children were conducted in the
early 1990s to assess its feasibility, reliability, and clinical
application in childhood.64,65 Lurbe et al demonstrated that
in an unselected pediatric population, aged 3-18 years, 84%
of the ABPM measurements achieved a high standard of
quality, as defined by a >80% rate of successful measure-
ments.66 The reproducibility of ABPM values was demon-
strated, and a significant circadian BP rhythm was
observed.67,68 In addition, Wuhl et al obtained ABPM data
on 949 healthy children and adolescents aged 5-20 years
and developed 24-hour ABPM height- and sex-specific refer-
ence tables for daytime and nighttime BP values.69 These
studies established the utility of ABPM for clinical diagnoses
and clinical research in children and adolescents. Stergiou
et al demonstrated that in children, ABPM values are more
reproducible than in-office BP values obtained at intervals
of 1-6 months.70

The relationship between ABPM and TOD in heteroge-
neous groups of patients has been evaluated in both children
and adults. The most frequently used target in these studies
was LVMI, and overall, ABPM showed a stronger association
20
with LVMI compared with in-office BP.71-73 Subsequent
studies strengthened the relationship of ABPM with
LVMI.74-76 A positive association of ABPM levels with
cIMT has also been reported in children.40,77

The prognostic value of ABPM was first demonstrated in a
cohort of normotensive children with type 1 diabetics, in
whom an increase in systolic BP during nighttime antedated
the development of persistent microalbuminuria,78 indi-
cating an early stage of diabetic nephropathy. ABPM is
now considered a predictive tool in the risk assessment of ne-
phropathy in type 1 diabetes. Several years later, the Effect of
Strict BP Control and Progression of Renal Failure in Chil-
dren (ESCAPE) trial assessed the long-term renal-protective
effect of intensified BP control in children with stage II-IV
chronic kidney disease. Intensified blood pressure control,
with target ABPM levels in the low range of normal, confers
a substantial benefit with respect to renal function.79 These
studies have led to an increasing clinical use of ABPM.
Issues that remain unresolved are the prevalence and sig-

nificance of the intraindividual differences within office BP
and ABPM levels indicative of white-coat and masked hyper-
tension, as defined by Pickering et al.62,63 As reviewed by Ha-
nevold, the reported prevalence of white coat hypertension
varies80 and little long-term follow-up data are available in
children. Although some reports on the follow-up of white
coat hypertension in adults indicate progression to sustained
hypertension in some individuals, there are limited data from
longitudinal studies on white coat hypertension beginning in
childhood. Thus, whether white coat hypertension is a benign
phenotype or a prelude to future sustained hypertension re-
mains to be clarified. The inverse phenotype, masked hyper-
tension, occurs in approximately 10% of children and
adolescents.81-83 Recent reports describe masked hyperten-
sion as a precursor of sustained hypertension and LVH.84,85

Applying layer-specific speckle tracking echocardiography,
Luo et al identified subclinical changes in left ventricular
function in youths with masked hypertension.83 Based on
recent evidence, the identification of masked hypertension
warrants follow-up monitoring, and if it persists, echocardi-
ography to evaluate LVM should be considered.
The increased application of ABPM in clinical research has

provided evidence on BP thresholds to define hypertension
and detect early target organ damage. As discussed in recent
guidelines,86,87 ABPM is now recommended as a useful tool
to confirm the diagnosis of hypertension in children and ad-
olescents.
There are limitations to obtaining ABPM in pediatric pri-

mary care settings. The BP monitoring devices are expensive
and are generally used by pediatric subspecialists. Some chil-
dren have difficulty tolerating the device over 24 hours, and it
is difficult to obtain ABPM measurements in children aged
<5 years. An alternative approach to assessing BP out of the
office is home BP monitoring (HBPM), in which an individ-
ual self-measures BP noninvasively at home. The increasing
availability of equipment for HBPM has led to the increased
interest in regular home BP measurements in adults; howev-
er, data on HBPM in pediatric patients remain scarce. Factors
Falkner and Lurbe
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that have limited the use of HBPM in young children include
the lack of established robust reference values.

Stergiou et al have conducted studies to assess diagnostic
thresholds, optimal schedule, reproducibility, and clinical
utility of HBPM in children.70,88,89 The range of home BP
levels was investigated in a single cross-sectional school-
based study in 778 children and adolescents, and percentile
tables were developed according to sex and height.88 In a
recent report, the authors recommend that monitoring
continue for 7 days, with at least 2 morning assessments
and 2 evening measurements. For clinical decision making,
the average of all values should be used with the exception
those obtained on the first day, which should be discarded.
Compared with in-office BP measurements, HBPM appears
to have superior reproducibility after 1-6 months. HBPM
can be a useful adjunct to conventional in-office BP measure-
ment for managing children with hypertension. HBPM is
feasible, appears to have good reproducibility and diagnostic
accuracy, is acceptable to users, and is relatively low cost.70

Considering the relevance of nocturnal BP and the need to
use ABPM to properly assess BP levels during sleep, new tech-
nologies with low-cost home monitoring are currently being
evaluated in children and adolescents age 6-18 years old,70

but these require further assessment.
The use of HBPM in pediatric patients is based on less

experience compared with the use of ABPM. Routine use
of HBPM is recommended for the follow-up of chronic pedi-
atric hypertension when strict BP control is mandatory.86,87

Given the limited evidence, current guidelines on hyperten-
sion in children and adolescents do not recommend HBPM
for diagnosing hypertension.

Updated Guidelines on Management of
Hypertension in Children and Adolescents

Until the early 1980s, little was known about childhood hy-
pertension, mainly because BP was not commonly measured
in clinical practice, and because BP levels determined to be
abnormal in children, when identified, were considered to
represent secondary hypertension due to an underlying con-
dition. Publication of the early guidelines on the diagnosis
andmanagement of hypertension in children and adolescents
was the first step in making BP measurement a part of health
assessment in childhood. Despite the limited available evi-
dence, these early guidelines provided a framework for
measuring BP in children and identifying abnormal BP. Rec-
ommendations on evaluation and treatment were also pro-
vided, based largely on expert opinion. The initial
Table. Definitions of hypertension in children and adolesce

Guidelines Year

European Society of Hypertension86 2016 Age-sex-height tab

American Academy of Pediatrics87 2017 New age-sex-heigh
children from the F

Hypertension Canada Guidelines90 2020 New age-sex-heigh
children from the F
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guidelines on childhood hypertension served as an incentive
to advance clinical research on childhood hypertension, and
those research findings provided evidence to update subse-
quent guidelines. Updated pediatric hypertension guidelines
based largely on this evidence have been published in the
US,87 Europe,86 and Canada.90 Despite some differences
among them, these guidelines emphasize the importance of
routinely measuring BP in childhood, beginning at age
3 years, in all children as part of well child care and at earlier
ages in children known to be at risk, including those with low
birth weight, prematurity, chronic kidney disease, and other
chronic conditions. All the guidelines emphasize the impor-
tance of appropriate BP measurement methods and repeated
BP measurements, and recommend ABPMmeasurements to
confirm hypertension diagnosis. In all guidelines, the goal of
detection of abnormal BP in childhood is to optimize cardio-
vascular health and prevent TOD and progression to hyper-
tension in adulthood.
Despite the many commonalities, there are some discrep-

ancies among these guidelines.91,92 To simplify the definition
of hypertension in adolescents, these guidelines have shifted
from a BP percentile definition (ie, ³95th percentile) to a
static number in adolescents similar to the respective adult
definition of hypertension. However, there are differences
among the guidelines in the threshold BP level that defines
hypertension (Table).93 Moreover, in the US guidelines,
the normative BP tables have been revised and are now
based only on children of normal weight, which has
resulted in lower normative BP values for children aged
<13 years As expected, the new guidelines have encouraged
investigators to apply and compare the prevalence of
hypertension and increased the capability of the new
definitions to detect signs of TOD.94,95

Because the updated guidelines now define hypertension
in adolescents according to the definition in the adult guide-
lines, another issue to be resolved is whether the BP thresh-
olds to define ABPM should be based on adult ambulatory
definitions instead of on the previous pediatric definition.
Some recent studies have addressed this question.96-99

Many of the studies cited in this report have provided evi-
dence supporting the recently updated guidelines, and
many of the more recent studies will be cited in future
evidence-based guidelines on childhood hypertension.

Summary

Overall, there has been progress, as depicted in the Figure, in
understanding the origins of primary hypertension and CVD
nts by current guidelines

Method Hypertension threshold

les (based on the Fourth Report)93 ³95th percentile
(³16 y) ³ 140/90 mmHg

t tables (include only normal-weight
ourth Report)

³95th percentile
(³13 y) ³ 130/80 mmHg

t tables (include only normal-weight
ourth Report)

³95th percentile
³120/80 mmHg (6-11 y)
³130/85 mmHg (12-17 y)
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Figure. Medical progress in childhood BP. Epidemiologic, clinical, and translational research findings have advanced knowl-
edge on primary hypertension in childhood. CRF, cardiorespiratory fitness; CVRF, cardiovascular risk factors.
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beginning in childhood. There is evidence that BP levels at
the higher segment of the distribution in childhood tracks
at higher levels from mid-childhood into adulthood, thus
setting the stage in childhood for adult hypertension. The
typical phenotype for primary hypertension is an
adolescent or preadolescent with mild systolic hypertension
(stage 1 in the guidelines). Obesity or overweight and a
positive family history of hypertension are commonly
present. Recent reports on subsequent outcomes of low
birth weight and prematurity indicate that a life course risk
can begin with fetal exposures, and that children with this
exposure would benefit from BP and growth monitoring to
optimize health-related behaviors from early childhood.
Further insights have been gained on findings of LVH,
vascular stiffness, and even mild impairment in cognitive
function associated with hypertension in youths. These
findings indicate that abnormal BP in childhood is not
only a risk factor, but a condition in which hypertension-
related cardiac and vascular injury is already underway.
Further research is needed on interventions to prevent or
reverse TOD, including the optimal timing of
interventions. An overall goal for childhood BP level could
be to have all children enter adulthood with a BP <120/
80 mmHg. n
22
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