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High blood pressure in children and adolescents is a growing health problem that is often overlooked by physicians.
Normal blood pressure values for children and adolescents are based on age, sex, and height, and are available in
standardized tables. Prehypertension is defined as a blood pressure in at least the 90th percentile, but less than the
95th percentile, for age, sex, and height, or a measurement of 120/80 mm Hg or greater. Hypertension is defined as
blood pressure in the 95th percentile or greater. A secondary etiology of hypertension is much more likely in chil-
dren than in adults, with renal parenchymal disease and renovascular disease being the most common. Overweight
and obesity are strongly correlated with primary hypertension in children. A history and physical examination are
needed for all children with newly diagnosed hypertension to help rule out underlying medical disorders. Children

with hypertension should also be screened for other risk factors for
cardiovascular disease, including diabetes mellitus and hyperlipid-
emia, and should be evaluated for target organ damage with a reti-
nal examination and echocardiography. Hypertension in children is
treated with lifestyle changes, including weight loss for those who
are overweight or obese; a healthy, low-sodium diet; regular physi-
cal activity; and avoidance of tobacco and alcohol. Children with
symptomatic hypertension, secondary hypertension, target organ
damage, diabetes, or persistent hypertension despite nonpharmaco-
logic measures should be treated with antihypertensive medications.
Thiazide diuretics, angiotensin-converting enzyme inhibitors,
angiotensin II receptor blockers, beta blockers, and calcium channel
blockers are safe, effective, and well tolerated in children. (Am Fam
Physician. 2012;85(7):693-700. Copyright © 2012 American Acad-
emy of Family Physicians.)

ypertension in children and ado-

lescents is a growing health prob-

lem. In persons three to 18 years

of age, the prevalence of prehy-
pertension is 3.4 percent and the prevalence
of hypertension is 3.6 percent.! The combined
prevalence of prehypertension and hyperten-
sion in adolescents who are obese is greater
than 30 percent in boys and is 23 to 30 percent
in girls. High blood pressure in childhood
commonly leads to hypertension in adult-
hood,’ and adult hypertension is the leading
cause of premature death around the world.*
Children with hypertension may have evi-
dence of target organ damage, including left
ventricular hypertrophy and pathologic vas-
cular changes.>® Primary hypertension in chil-
dren is also commonly associated with other

» Patient information:
A handout on managing
high blood pressure in
children, written by the
authors of this article, is
provided on page 704.

risk factors for cardiovascular disease (CVD),
such as hyperlipidemia and diabetes mellitus.”®

Despite the high prevalence and potential
risks of hypertension in children, physicians
often do not recognize the condition in this
population. In one study, hypertension was
diagnosed in only 26 percent of children with
documented high blood pressure in an elec-
tronic medical record.! Normal blood pressure
values in children vary by age, sex, and height;
therefore, increased awareness about how to
diagnose and treat hypertension in children is
needed to combat this increasingly common
condition. An approach is outlined in Figure 1.°

Definition of Hypertension

Normal blood pressure values in children
increase with body size. Tables of normal
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SORT: KEY RECOMMENDATIONS FOR PRACTICE
Evidence
Clinical recommendation rating References
Beginning at three years of age, children should have their blood pressure measured at every office visit. C 9
Ambulatory blood pressure monitoring can be used to rule out white coat hypertension or to monitor the C 9,10, 21
effects of antihypertensive treatment.
After prehypertension or hypertension is diagnosed in children, a thorough history and physical examination ~ C 9
should be performed to look for underlying causes of secondary hypertension.
All children with confirmed hypertension should be screened for underlying renal disease via blood urea C 9
nitrogen and creatinine levels, complete blood count, electrolyte levels, urinalysis, urine culture, and renal
ultrasonography.
All children with confirmed hypertension and overweight children with prehypertension should be evaluated for ~ C 9
additional risk factors for cardiovascular disease, including screening for diabetes mellitus and hyperlipidemia.
All children with diabetes or renal disease, prehypertension, or confirmed hypertension should be screened C 9
for target organ damage via echocardiography and retinal examination.
All children with prehypertension or hypertension should make therapeutic lifestyle changes to lower blood C 9
pressure, including losing weight if overweight, consuming a healthy diet low in sodium, getting regular
physical activity, and avoiding tobacco and alcohol use.
Children with symptomatic hypertension, secondary hypertension, target organ damage, diabetes, or persistent ~ C 9
hypertension despite nonpharmacologic measures should be treated with antihypertensive medications.
A = consistent, good-quality patient-oriented evidence, B = inconsistent or limited-quality patient-oriented evidence; C = consensus, disease-oriented
evidence, usual practice, expert opinion, or case series. For information about the SORT evidence rating system, go to http://www.aafp.org/afpsort.xml.

Managing High Blood Pressure in Children and Adolescents

Measure blood pressure* —» Normal blood pressure: < 90th percentile

}

Patient’s systolic or diastolic blood pressure Repeat measurement at
is > 90th percentile for age, height, and sexf subsequent office visits
Prehypertension: 90th to < 95th Stage 1 hypertension: 95th to Stage 2 hypertension: > 99th
percentile or > 120/80 mm Hg < 99th percentile plus 5 mm Hg percentile plus 5 mm Hg
Recommend therapeutic lifestyle Evaluate primary vs. secondary etiology Evaluate primary vs. secondary etiology
changes Screen for underlying renal disease Consider referral to a subspecialist in
If patient is overweight, screen Screen for CVD risk factors with fasting childhood hypertension
for CVD risk fa;tors with fasting glucose and lipid measurements Screen for underlying renal disease
glulcoseland lgie meésurements Evaluate for target organ damage with Screen for CVD risk factors with fasting
If patient is normal weight echocardiography and retinal examination glucose and lipid measurements

or prepubescent, consider

. Evaluate for target organ damage
screening for secondary causes

with echocardiography and retinal

of high blood pressure l i examination
Repeat blood pressure : : : R dth ti
measurement in six months Primary hypertension Secondary hypertension T

lifestyle changes and prescribe
antihypertensive medication

Recommend therapeutic lifestyle changes  Treat underlying cause

Prescribe antihypertensive medication Refer to a subspecialist if appropriate
if patient has target organ damage Recommend therapeutic
or diabetes mellitus, or if the blood lifestyle changes and prescribe
pressure remains elevated despite antihypertensive medication if
weight loss and lifestyle changes hypertension persists

*—Blood pressure should be measured at every office visit beginning at three years of age.
T—Remeasure during the same office visit, then confirm the elevation at three separate office visits.

I EEEEEEEEEE——
Figure 1. Algorithm for the management of high blood pressure in children and adolescents. (CVD = cardiovascular disease.)

Information from reference 9.
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Table 1. NHBPEP Classification of Prehypertension

and Hypertension in Children and Adolescents

Childhood Hypertension

Classification Systolic or diastolic blood pressure*

Normal
Prehypertension
Stage 1 hypertension
Stage 2 hypertension

< 90th percentile

95th to < 99th percentile plus 5 mm Hg
> 99th percentile plus 5 mm Hg

90th to < 95th percentile or > 120/80 mm Hgt

The National High Blood Pressure Educa-
tion Program (NHBPEP) has published defi-
nitions of prehypertension and hypertension
in children and adolescents (Table 1).° Hyper-

NHBPEP = National High Blood Pressure Education Program.

*—Based on sex, age, and height, measured on at least three separate occasions.
+—Blood pressure of 120/80 mm Hg or greater is prehypertension regardless of
whether it is less than the 90th percentile. If 120/80 mm Hg is in the 95th percentile

or greater, then the patient has hypertension.

Information from reference 9.

tension is defined as an average systolic or dia-
stolic blood pressure level that is in the 95th
percentile or greater based on at least three
separate readings. After hypertension is diag-
nosed, it is classified as either stage 1 or 2 to
assist in evaluation and treatment decisions.
Children and adolescents have a much

and abnormal blood pressure values based on age, sex,
and height are available from the National Institutes of
Health at http://www.cc.nih.gov/ccc/pedweb/pedsstatf/
bptablel.PDF for boys, and at http://www.cc.nih.gov/
ccc/pedweb/pedsstaff/bptable2. PDF for girls. Applica-
tions for handheld devices to help physicians quickly
and accurately determine if a child’s blood pressure is in
the normal range are commercially available.

higher incidence of secondary hyperten-
sion compared with adults’" Younger children or
children with stage 2 hypertension are more likely
to have secondary hypertension, whereas primary
hypertension becomes more prevalent in adolescence
and young adulthood." Renal parenchymal disease
and renovascular diseases account for most cases of
secondary hypertension.'»"* Table 2 lists common causes
of hypertension and associated findings.>'’

Table 2. Etiologies of Hypertension and Suggestive Evaluation Findings

Etiology

History findings

Physical examination findings

Possible findings on additional testing

Coarctation of the aorta

Cushing syndrome

Drug-induced

None

Family history of endocrinopathy

llicit substance abuse
Amphetamines
Anabolic steroids
Cocaine
Phencyclidine
Over-the-counter agents
Caffeine
Diet pills
Ephedra
Performance-enhancing drugs
Prescription medications
Oral contraceptives
Steroids
Sympathomimetics

Difference between right and
left arm blood pressure

Diminished femoral pulses
Heart murmur

Lower blood pressure in legs
than in arms

Acne, hirsutism, striae
Moon facies
Truncal obesity

Acne, hirsutism, striae (with
anabolic steroid use)

Sweating
Tachycardia

Abnormal findings on
echocardiography

Elevated cortisol levels

Abnormal findings on urine drug screen

continued
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Childhood Hypertension

Table 2. Etiologies of Hypertension and Suggestive Evaluation Findings (continued)

Etiology

History findings

Physical examination findings

Possible findings on additional testing

Hyperthyroidism

Mineralocorticoid excess
(from congenital adrenal
hyperplasia, aldosterone-
secreting tumors)

Obstructive sleep apnea

Pheochromocytoma

Primary hypertension

Renal artery stenosis

Renal parenchymal disease

Rheumatologic disorder

Family history of thyroid disorder
Heat intolerance
Rash, sweating, pallor

Family history of endocrinopathy

Family history of sleep apnea
Snoring or disordered sleep

Flushing, pallor, palpitations,
sweating

Diet high in fat and sodium

Family history of essential
hypertension or early
cardiovascular disease

Limited physical activity
Patient is in adolescence

Prior umbilical artery
catheterization

Enuresis

Family history of renal disease
Fatigue

Recurrent urinary tract infections

Family history of autoimmune
disease

Fatigue
Joint pain
Rash

Ophthalmopathy
Tachycardia
Thyromegaly
Weight loss

Ambiguous genitalia
Muscle weakness

Adenotonsillar hypertrophy

Tachycardia

Acanthosis nigricans
Obesity

Abdominal bruit

Abdominal mass
Edema

Gross hematuria
Growth retardation

Friction rub
Joint swelling
Malar rash

Suppressed thyroid-stimulating
hormone

Elevated plasma aldosterone levels
Hypokalemia
Low plasma renin activity

Abnormal findings on
polysomnography

Elevated plasma and urine
catecholamine levels

Hyperlipidemia
Impaired glucose tolerance or type 2
diabetes mellitus

Abnormal findings on renovascular
imaging
Abnormal blood urea nitrogen or

creatinine level

Abnormal findings on urinalysis, urine
culture, or renal ultrasonography

Anemia

Abnormal findings on autoimmune
laboratory studies, elevated markers
of inflammation

Information from references 9 and 10.

Risk Factors

Overweight and obesity are strongly correlated with
primary hypertension in children.""® Family history of
hypertension or CVD, male sex, and maternal smoking
during pregnancy are additional risk factors, whereas
children who were breastfed have a reduced risk of
hypertension."*"""” Race and ethnicity have not been
consistently linked to hypertension risk in children,
although there is some evidence that black children with
primary hypertension may be at increased cardiovascu-
lar risk compared with nonblack children.'*

696 American Family Physician
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Diagnosis
BLOOD PRESSURE MEASUREMENT
The NHBPEP recommends measuring blood pressure
at every office visit beginning at three years of age.” Ide-
ally, measurements should be performed using ausculta-
tion, which is what standardized blood pressure tables
are based on. If an oscillometric (automatic) device is
used, then measurements that exceed the 90th percentile
should be repeated using auscultation.’

Using the wrong size of blood pressure cuff is a com-
mon cause of inaccurate readings. A cuff that fits properly

Volume 85, Number 7 ¢ April 1, 2012



will have an inflatable bladder width that is at least 40 per-
cent of the arm circumference at a point midway between
the acromion and the olecranon, and a bladder length that
is 80 to 100 percent of the arm circumference.’ Physicians
who care for children and adolescents should have cuffs of
varying sizes to ensure an appropriate fit. When a patient
is in between cuff sizes, the larger of the two cuffs should
be used. Although a cuff that is too small may result in
a falsely elevated reading, a cuff that is slightly too large
will still provide a relatively accurate measurement. The
patient should avoid stimulating drugs or foods before a
blood pressure measurement, and should sit quietly for
five minutes in a chair that has back support with his or
her feet on the ground. Blood pressure should be mea-
sured in the right arm while it is supported at heart level,
because coarctation of the aorta may lead to falsely low
readings in the left arm. If blood pressure is greater than
the 90th percentile, the measurement should be repeated
during the same office visit to confirm validity. Blood
pressure must be elevated on three separate occasions to
diagnose prehypertension or hypertension.

Ambulatory blood pressure monitoring can differen-
tiate true hypertension from white coat hypertension,
and can also determine the response to antihypertensive
treatments.”'®* One study found a prevalence of white
coat hypertension of 53 percent in children referred for
hypertension evaluation.”” Ambulatory blood pressure
monitoring should be considered if the office measure-
ment is only mildly or intermittently elevated, or if blood
pressure values are normal when measured at home.
Because ambulatory blood pressure monitoring involves
only oscillometric measurements, there is some concern
over what constitutes normal values in children. There-
fore, the person interpreting the results should have sig-
nificant experience with childhood hypertension.*!

After prehypertension or hypertension is diagnosed, a
history and physical examination can help determine if
the child has primary or secondary hypertension. Very
young children and children with stage 2 hypertension
or with signs and symptoms suggesting an additional
underlying systemic disorder require a more extensive
evaluation for secondary hypertension. The NHBPEP
and European Society of Hypertension guidelines for
evaluation of children and adolescents with hyperten-
sion are described below.*'

HISTORY

The patient’s medical history, including birth, growth,
and developmental history, should be obtained, and
screening for previous urologic, renal, cardiac, endo-
crine, and neurologic diseases should be completed.

April 1, 2012 * Volume 85, Number 7
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Many drugs can increase blood pressure; therefore, a
medication review that includes over-the-counter agents,
nutritional supplements, performance-enhancing drugs,
and illicit substances should be performed. Because dis-
ordered sleep is associated with hypertension, a sleep
history should be completed. Patients should be screened
for a family history of hypertension, other CVD risk
factors, and renal
or endocrine syn-
dromes. Risk fac-
tors such as a lack
of physical activity,
an unhealthy diet,
smoking, and alco-
hol use should be
explored. A complete review of systems may suggest an
underlying medical disorder or symptoms of hyperten-
sive urgency (headache, vomiting) or hypertensive emer-
gency (seizure, altered mental status), which require
emergent evaluation and treatment.

Despite the high preva-
lence of hypertension in
children, physicians often
do not recognize the condi-
tion in this population.

PHYSICAL EXAMINATION

Physical examination findings are normal in most chil-
dren with hypertension. Body mass index should be
calculated because obesity is associated with primary
hypertension, and poor growth may indicate an under-
lying chronic illness. Blood pressure should be measured
in both arms while the child is seated and in one leg while
the child is in a prone position. Blood pressure should
be roughly equal in both arms and is normally 10 to
20 mm Hg higher in the leg. If there is a significant differ-
ence in blood pressure between the right and left arms,
if leg blood pressure is lower than arm blood pressure,
or if the femoral pulses are diminished, the child may
have coarctation of the aorta. An abdominal bruit may
indicate renovascular disease, and ambiguous genitalia
can be associated with mineralocorticoid excess. The
remainder of the examination should focus on detecting
physical findings associated with other underlying con-
ditions that cause hypertension (Table 2).>'

DIAGNOSTIC TESTING

Initial laboratory studies are performed to evaluate for
an underlying etiology, identify other CVD risk factors,
and detect target organ damage. Table 3 summarizes
additional testing recommended by the NHBPEP for
children and adolescents with confirmed prehyperten-
sion or hypertension.’ If there is a high degree of suspi-
cion that the child has secondary hypertension, further
targeted workup may be indicated, typically in conjunc-
tion with subspecialist consultation.
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Table 3. Additional Testing for Children and Adolescents with Confirmed Prehypertension or

Hypertension

Target population

Recommended tests

Purpose

All children with confirmed hypertension

Blood urea nitrogen

Rule out underlying renal disease

and creatinine levels

Complete blood count

Electrolyte levels

Renal ultrasonography

Urinalysis
Urine culture

All children with confirmed hypertension
Overweight children with prehypertension

All children with confirmed hypertension

Children with prehypertension and diabetes or
renal disease

Children with prehypertension or hypertension
and a history suggestive of sleep disorder

Children with prehypertension or hypertension
and a history suggestive of substance use

Drug screen

Fasting glucose level
Fasting lipid panel

Echocardiography
Retinal examination

Polysomnography

Rule out diabetes mellitus or hyperlipidemia as comorbid risk
factors for cardiovascular disease

Identify target organ damage, including left ventricular
hypertrophy and pathologic vascular changes

Rule out obstructive sleep apnea

Rule out underlying substances contributing to or causing
elevated blood pressure

NOTE: Further studies may be indicated if there is a high degree of suspicion for secondary hypertension.

Information from reference 9.

Treatment

Blood pressure goals are determined by the etiology of
the hypertension, presence of other medical disorders,
and evidence of target organ damage. Children with
uncomplicated primary hypertension and no target
organ damage have a blood pressure goal of less than
the 95th percentile. Children with chronic renal disease,
diabetes, or evidence of target organ dam-
age have a goal of less than the 90th percen-
tile.’ It is important to note that these blood
pressure goals are based on expert opinion,

CVD risk factors. Weight loss should be encouraged for
children who are overweight or obese,” and children who
are obese should be referred for comprehensive, intensive
behavioral interventions.”

Regular, sustained physical activity is most effective
in lowering blood pressure,”?¢ and the NHBPEP recom-
mends 30 to 60 minutes of moderate aerobic physical

Table 4. Lifestyle Modifications for Children and
Adolescents with Prehypertension or Hypertension

rather than evidence from randomized tri-
als measuring patient-oriented, long-term

Modlification

Comment

outcomes. In many cases, the recommenda-
tions are extrapolated from adult studies.
Children with hypertension need periodic

Weight reduction if
overweight or obese

Regular physical

Refer for comprehensive, intensive intervention if
obese?

Engage in 30 to 60 minutes of moderate aerobic

monitoring for target organ damage and activity physical activity on most days®

development of other CVD risk factors. Chil- Reps::ztaiidentary activities to less than two hours

drenwith symptom§ Of.hypert.enswe urgency Healthy diet Emphasize fresh fruit and vegetables, fiber, nonfat

or emergency require immediate treatment, dairy?

typically with intravenous antihypertensive Reduce sodium intake to 1.2 g per day in four- to

medications in a setting where they can be eight-year-old children, and 1.5 g per day in

Closely monitored. children older than eight years and in adolescents®
Healthy habits Avoid tobacco or alcohol use?*

LIFESTYLE MODIFICATIONS Family-based Involving the family in counseling on diet and physical

interventions

All children with prehypertension or hyper-

activity to make changes for the entire household
has been shown to improve success rates®

tension should make therapeutic lifestyle
changes (Table 4*>***) to lower blood pressure
and reduce the development of additional

698 American Family Physician
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Information from references 9, 23, and 24.
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Table 5. Recommended Dosages for Antihypertensive Agents

Medication

Initial daily dosage

Maximum daily dosage

Dosing frequency

Angiotensin-converting enzyme inhibitors
Benazepril (Lotensin), > six years of age

Enalapril (Vasotec)

Fosinopril (Monopril), > six years of age and

weighing > 111 Ib (50 kg)

Lisinopril (Zestril), > six years of age
Angiotensin Il receptor blockers
Losartan (Cozaar), = six years of age
Valsartan (Diovan), > six years of age

Beta blockers

Metoprolol, extended release, > six years of age

0.2 mg per kg, up to 10 mg
0.08 mg per kg, up to 5 mg
51to 10 mg

0.07 mg per kg, up to 5 mg

0.7 mg per kg, up to 50 mg
1.3 mg per kg, up to 40 mg

1 mg per kg, up to 50 mg

0.6 mg per kg or 40 mg
0.6 mg per kg or 40 mg
40 mg

0.6 mg per kg or 40 mg

1.4 mg per kg or 100 mg
2.7 mg per kg or 160 mg

2 mg per kg or 200 mg

Once daily
Once or twice daily
Once daily

Once daily

Once daily
Once daily

Once daily

Propranolol 1 to 2 mg per kg 4 mg per kg or 640 mg Two or three times daily
Vasodilator
Hydralazine 0.75 mg per kg 7.5 mg per kg or 200 mg Four times daily
Minoxidil 0.2 mg per kg, up to 5 mg 50 mg (< 12 years of age), Once or twice daily
(< 12 years of age), 5 mg 100 mg (= 12 years of age)
(> 12 years of age)
Other
Calcium channel blocker: amlodipine 2.5mg 5mg Once daily
(Norvasc), > six years of age
Central alpha agonist: clonidine (Catapres), 0.2 mg 2.4 mg Twice daily

12 years of age

Diuretic: hydrochlorothiazide 1 mg per kg

3 mg per kg, up to 50 mg Once daily

NOTE: Other medications within these classes are considered safe but are not approved by the U.S. Food and Drug Administration for treating hyper-

tension in children and adolescents.

Information from references 9, 10, and 29.

activity on most days and less than two hours of seden-
tary activity per day.’ Children with prehypertension,
stage 1 hypertension in the absence of target organ dam-
age, or controlled stage 2 hypertension are eligible for
participation in competitive sports.*’

There is a lack of evidence that dietary interventions
can significantly decrease blood pressure in children.
However, experts maintain that children with hyperten-
sion may benefit from consuming a diet high in fresh
fruits and vegetables, fiber, and nonfat dairy products,
in addition to reducing sodium intake.” One study found
that the DASH (Dietary Approaches to Stop Hyper-
tension) diet significantly lowered blood pressure in
adolescents compared with standard dietary counsel-
ing.?® Tobacco and alcohol use should be avoided in all
children, but this is particularly important in children
with hypertension because smoking has been shown to
increase the risk of CVD and excess alcohol intake has
been shown to raise blood pressure in adult studies.**

PHARMACOLOGIC THERAPY

Children with symptomatic hypertension, secondary
hypertension, target organ damage, diabetes, or persis-
tent hypertension despite nonpharmacologic measures

April 1, 2012 * Volume 85, Number 7
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require antihypertensive medications.” There is no con-
sensus on the best initial antihypertensive medication
to use in children, and there have been no clinical trials
measuring patient-oriented, long-term outcomes in chil-
dren. Therefore, recommendations are based on extrap-
olations from adult studies.

Thiazide diuretics, angiotensin-converting enzyme
inhibitors, angiotensin II receptor blockers, beta block-
ers, and calcium channel blockers are safe, effective,
and well tolerated in children.” When choosing an ini-
tial medication, concurrent medical conditions and the
patient’s lifestyle should be considered. For example, an
angiotensin-converting enzyme inhibitor would be a
good choice for a child with proteinuric renal disease,’
and a beta blocker should not be given to a competitive
athlete because it is prohibited in some athletic events.’
The NHBPEP recommends beginning with the lowest
recommended dosage of the antihypertensive medica-
tion, and then titrating up until the blood pressure goal
is achieved. If the goal is not achieved with a maximum
dosage of a single medication, a second medication
with complementary action should be added.” Table 5
includes dosing information for antihypertensive
medications.”'*
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Childhood Hypertension

Data Sources: We began with an initial evidence summary that included
relevant POEMs, Cochrane reviews, evidence-based guidelines, and other
items from Essential Evidence. PubMed was then searched using the

key terms primary hypertension, secondary hypertension, prehyperten-
sion, children, pediatrics, and adolescents. Articles that referenced the
NHBPEP Fourth Report on the Diagnosis, Evaluation, and Treatment of
High Blood Pressure in Children and Adolescents were also searched.

The search included meta-analyses, randomized controlled trials, clinical
trials, and reviews. Also searched were Agency for Healthcare Research
and Quality evidence reports, the National Guideline Clearinghouse, and
UpToDate. Search dates: December 2010 and January 2011.
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