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The prevalence of hypertension in children and adoles-
cents is increasing, especially in obese and ethnic
children. The adverse long-term effects of hypertension
beginning in youth are known; therefore, it is important to
identify young patients who need intervention. Unfortu-
nately, measuring blood pressure (BP) is difficult due to
the variety of techniques available and innate biologic vari-
ation in BP levels. Ambulatory BP monitoring may over-

come some of the challenges clinicians face when
attempting to categorize a young patient’s BP levels. In
this article, the authors review the use of ambulatory BP
monitoring in pediatrics, discuss interpretation of ambula-
tory BP monitoring, and discuss gaps in knowledge in
usage of this technique in the management of pediatric
hypertension. J Clin Hypertens (Greenwich). 2012; 14:372–
382. �2012 Wiley Periodicals, Inc.

The prevalence of hypertension (HTN) in children
and adolescents has traditionally been considered to be
1% to 2%, but recent studies have suggested that it is
increasing. Data from blood pressure (BP) screenings
conducted in Houston, TX, demonstrated a prevalence
of HTN of just over 3%,1 with an even higher preva-
lence of 4.5% in obese children.2 These data are sup-
ported by a recent review of BP data in 8- to 17-year-
old children from the National Health and Nutrition
Examination Survey (NHANES) and other related
population-based studies conducted in the United
States from 1963–2002,3 which demonstrate an
increase in the prevalence of high BP in US children.
The prevalence of HTN has reached nearly 4%, and
the prevalence of prehypertension has now reached
10%.

It appears that the recent trends in high BP in Amer-
ican children have had a much greater effect on non-
Hispanic blacks and Mexican Americans than on
whites, mirroring the increased risk of HTN and
cardiovascular (CV) disease seen among minority
adults in the United States.4 This increased prevalence
of high BP in the young has been seen elsewhere,
including in Canada,5 Portugal,6 and Brazil.7 Thus, it
appears that HTN is on the rise in the young, and
specific populations of children and adolescents appear
to be at increased risk, most notably obese children
and ethnic minority children.

OFFICE, HOME, OR AMBULATORY
MEASUREMENT OF BP?
The long-term consequences of persistent HTN
are well-known, and include CV events as well as

development of chronic kidney disease (CKD). Since
these outcomes likely have their origins in childhood,
it is important to correctly identify children with high
BP so that appropriate preventative measures can be
instituted. Yet, the clinician who evaluates children
and adolescents with high BP faces several challenges,
the first of which is to decide what type of BP
measurements to rely on for diagnostic purposes.

Office BP readings, typically the first step in identify-
ing children with high BP, have frequently been shown
to be subject to error, especially those that are part of
routine vital signs determination.8 The largest source
of such error is probably the increasing reliance on
automated devices, which are convenient to use but
have numerous inherent inaccuracies, especially in
young children.9 A recent study conducted in children
with CKD, for example, showed that an automated
BP device systematically overestimated both systolic
BP (SBP) and diastolic BP (DBP), which could lead to
inaccurate classification of BP status.10 For this reason,
it has been recommended that elevated office BP read-
ings using an automated device be repeated by auscul-
tation.8,11,12

Additional problems with office BP measurement,
even if done by auscultation, include improper rate of
deflation, digit preference, accommodation, and the
white-coat effect. Rigorous training is needed to
ensure that auscultatory BP is being measured cor-
rectly, which can be difficult to sustain over time.13

But even careful office BP measurement by ausculta-
tion may not be able to overcome the white-coat
effect, which can loosely be defined as an increase in
BP in the office setting above the BP as measured out-
side of the office. The white-coat effect has been
shown to be extremely common in children,14 and in
many large pediatric studies, the incidence of white-
coat HTN (WCH) exceeds 40%.15,16

Home or ‘‘self-measured’’ BP is another option for
assessing whether a patient truly has high BP. In
adults, self-measured BP is considered a crucial step in
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confirming office BP elevation and is recommended
prior to instituting antihypertensive treatment.17 The
situation in pediatrics is a bit different, primarily for
two reasons: (1) lack of home BP devices that have
been validated in the pediatric age group, and (2) lack
of widely accepted normative data for home BP in
children. The device issue is complex and is beyond
the scope of this review. Suffice it to say that although
there are a wide variety of BP devices marketed for
home use, few manufacturers have pursued validation
studies in children and none are mass-marketed with
child-sized cuffs (frequently smaller cuffs can be
purchased for an additional cost after the device itself
has been purchased). Since all marketed devices use
the oscillometric technique, the concerns raised previ-
ously about oscillometric BP measurement8–12 would
also apply to home BP readings obtained using cur-
rently available devices.

The lack of normative data for home BP in children
is another significant drawback to wider application of
this technique. Although the European Society of
Hypertension recently endorsed use of home BP moni-
toring in children,18 it should be noted that the nor-
mative data cited in those recommendations were
derived from a relatively small population of Greek
children, which may not be applicable to children with
different ethnic ⁄ racial backgrounds. Furthermore,
home BP monitoring in children has not shown good
correlation with other BP measurement techniques. A
2004 study by Stergiou showed home BP readings in
children to be significantly lower than both casual and
ambulatory BP measurements.19 A more recent review
by the same authors noted the differences in BP values
obtained by office, home, and ambulatory measure-
ment in children and also emphasized the lack of vali-
dated devices for home BP measurement in children.20

Thus, although home BP measurement may provide
useful supplemental information on childhood BP, it
does not appear to be ready for widespread use in the
diagnosis of pediatric HTN.

Given the above issues with both office and home
BP measurements in children, ambulatory BP monitor-
ing (ABPM) has emerged as perhaps the most appro-
priate BP measurement method to establish the
diagnosis of HTN. Although some barriers to more
widespread use of ABPM in pediatrics remain,21 it is
the only BP measurement technique that eliminates the
white-coat effect, eliminates problems with observer
bias and improper technique, and allows assessment of
nocturnal BP, which is becoming increasingly recog-
nized as having tremendous prognostic significance in
both adults22 and children.23 ABPM has also been
shown to be cost-effective in the evaluation of child-
hood HTN,16 particularly because of its ability to
prevent overdiagnosis of HTN.24 Thus, while older
consensus recommendations for evaluation of child-
hood HTN were cautious regarding the use of
ABPM,12 more recent guidelines have been enthusias-
tic regarding routine application of this technique.18

CONDITIONS IN WHICH ABPM MAY PROVE
USEFUL

Secondary HTN
When HTN is detected in very young children, signs
suggesting systemic disease are present,25 or casual BP
is at stage 2 levels, secondary HTN may be present
and ABPM should be considered to assist with diagno-
sis (Table I). In fact, greater nocturnal SBP load and
24-hour DBP load on ambulatory BP monitoring have
been found to be highly specific for a secondary cause
for HTN in a US study (Figure 1)26 and the specificity
for blunted nocturnal dipping to predict secondary
HTN was near 90% in a study of children from the
Czech Republic.27

ABPM is also useful in conditions where patients
are at high risk for HTN. A significant positive corre-
lation was found between the extent of renal scarring

TABLE I. Conditions Where Use of ABPM May
Improve Patient Care

Condition Benefit

Secondary (coenzyme A, coarctation

of the aorta, renal)

ABPM may indicate

greater

chance for secondary

causes

Genetic risk

for HTN

Evaluate patients

with strong family

history of HTN

Williams & Turner

syndrome may

have stiff arteries

Neurofibromatosis 1

may have renal

artery stenosis

White-coat ⁄ masked HTN Can be diagnosed only

by ABPM

Prehypertension Confirm diagnosis

Obesity Rule out white-coat

and masked HTN

especially with

concomitant obstructive

sleep apnea, polycystic

ovary syndrome, or

metabolic syndrome

Risk for target organ damage Can help determine

whether imaging is needed

Diabetes Tight BP control reduces

albuminuria

Solid organ transplant May uncover masked HTN

or nighttime HTN

Renal disease Chronic renal

insufficiency ⁄
transplant

Tighter 24-h BP control to

delay progression or

prevent graft loss

Renal scarring Abnormal ABPM correlates

with renal scarring

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP,
blood pressure; HTN, hypertension.
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related to frequent urinary tract infections and SBP
and DBP standard deviation score on ABPM,28

suggesting that ABPM should be performed in children
with this history. Other diseases where ABPM is help-
ful in diagnosing HTN include Williams syndrome,29

Cushing syndrome,30 anorexia nervosa,31 chronic fa-
tigue syndrome,32 polycystic ovary syndrome,33 and
repaired coarctation of the aorta.34 One study exam-
ined the effect of stimulants for attention deficit hyper-
activity disorder on ABPM parameters. They found
that total and waking DBP were 3 mm Hg to
4 mm Hg higher on active treatment, a magnitude that
may be clinically relevant in the child with borderline
BP levels.35

ABPM can also be used to examine the effect of life-
style on CV risk. In adults, higher ABPM levels were
found in less active patients even after adjusting for
age, body mass index, alcohol intake, and smoking.36

In adolescents, shorter sleep duration assessed by
actigraphy was related to higher 48-hour and night-
time BP levels.37 Psychosocial stress may also
adversely affect ABPM levels in children.38 Higher salt
intake was associated with nondipper status in youth39

and caffeine increased ABPM levels in adolescents,
with the greatest effect during the daytime when sym-
pathetic nervous system responses dominate BP con-
trol.40

ABPM may also be helpful in evaluation of patients
at genetic risk for HTN.41 Twin studies suggest that
heredity has a large impact on ABPM.42 Therefore, it
is not surprising that children with a parental history
of HTN have higher BP than those without a history.
Interestingly, the genetic influence was not found for
office BP.43 Early life events are also important. Chil-
dren born to mothers with preeclampsia had signifi-
cantly higher mean 24-hour ABPM levels than healthy
controls.44 Impaired fetal growth has also been linked
to higher ambulatory SBP at 12 years of age45 and
low birth weight was associated with reduced noctur-
nal dipping (day-night BP difference) in children.46

WCH, where a patient’s office BP level is elevated
(�95th percentile) in the clinic but normal on ABPM
(average BP <90th percentile) is a condition that can
only be diagnosed with ABPM. It may relate to tran-
sient, stress-induced elevation of BP associated with
the medical examination. This phenomenon is espe-
cially pronounced in obese patients47 and in younger
patients, with the effect diminishing substantially by
age older than 12 years.48 WCH should be considered
in youth with borderline levels of BP since there is a
direct correlation between office BP levels and pres-
ence of WCH such that the likelihood of WCH
decreases as office BP increases.14,49 Some pediatric
HTN experts suggest that ABPM to rule out WCH
should be performed in children with prehypertension
and stage 1 HTN, as those with stage 2 HTN or
significantly lower BP (at least 10% <95th percentile)
were unlikely to have WCH.49 The exact prevalence
of WCH is not known and varied estimates have been
published in the pediatric literature. One study exam-
ined male athletes undergoing a pre-sports physical.
The investigators found that 88% of patients with an
abnormal BP reading at the screening actually had
WCH diagnosed by ABPM. More recent studies from
pediatric HTN centers have indicated a prevalence of
WCH of 30%50 to 40%.16

WCH is an important condition to document
because it may not be entirely benign. Adult studies
have found that patients with WCH have higher left
ventricular mass (LVM),51 evidence for endothelial
dysfunction,52 and increased carotid intimal-media
thickness (IMT)53 than normal controls. This target
organ damage may account for the increase in adverse
CV disease outcomes noted with WCH in adults.54

Emerging data in children also suggest that young
patients with WCH have a tendency towards elevated
LVM index,55,56 with one study finding that one third
of young patients with WCH had an LVM index
>95th percentile for age and sex.57 A recent study has
even documented abnormal reactive hyperemia in the
middle cerebral artery58 and increased carotid IMT in
WCH compared with controls.59

Masked HTN
Masked HTN (normal clinic BP with abnormal
ABPM) is a condition that is gaining increasing scru-
tiny as more clinics are adopting ABPM. Masked
HTN should be suspected when other providers report
hypertensive BP levels when measured under similar
conditions yet resting BP levels are <95th percentile in
the clinic. Presence of obesity may also increase the
chances of identifying this ABPM pattern.60 If the clin-
ical presentation (ie left ventricular hypertrophy is
present) seems inconsistent with the clinic BP, masked
HTN may also be the culprit. The prevalence of
masked HTN is not well defined but likely much
lower than for WCH. Estimates ranging from 5.7% in
healthy children61 to 9.4% in patients referred to an
HTN specialist55 to 15% in a clinic that

FIGURE 1. Utility of ambulatory blood pressure monitoring in the
diagnosis of secondary hypertension (HTN). Presence of daytime
diastolic blood pressure (DBP) load >25% and nocturnal systolic
blood pressure (SBP) load >50% had 92% specificity for predicting
secondary HTN.26
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predominantly sees patients with secondary HTN62 to
24% in renal transplant recipients.63 Similar to WCH,
masked HTN is not a benign entity. Masked HTN is
associated with increased CV risk64 and progression of
CKD in adults.65 Masked HTN identifies youth with
increased risk to progress to sustained office HTN61

who are at risk for target organ damage such as
elevated LVM.55 One study found that the prevalence
of LVH was equal for adolescents with masked HTN
compared with patients with confirmed stage 1 HTN
(around 20%).66 In a study of children with CKD, the
prevalence of MH was quite high (38%) and the odds
ratio for LVH were equal for masked HTN and con-
firmed HTN (4.1 vs 4.3).67 For this reason, many
pediatric HTN experts feel that masked HTN needs
aggressive management.

Prehypertension
Patients with borderline levels of office BP (within
20% of the 95th percentile)68 are especially likely to
benefit from ABPM. As seen above, these patients may
be more likely to have WCH or masked HTN. How-
ever, if they are found to be prehypertensive, which
had a prevalence of 20.8% in one study of youth
referred to an HTN clinic,50 the treatment options
may differ. Furthermore, even with normal mean
ABPM values, increased BP variability is associated
with target organ damage in adults.69 A few studies of
prehypertensive children also suggest that LVM,70,71

carotid IMT,71 and arterial stiffness71 may be higher
in prehypertensive youth compared with their normo-
tensive counterparts.

ABPM and Obesity-Related CV Risk Factors
ABPM is increasingly being used in evaluation of CV
risk in young patients with obesity and multiple CV
risk factors. Central adiposity has been linked to
elevated ABPM means.72 Young obese patients also
demonstrated reduced dipping,73 which may increase
risk for masked HTN.74 Obesity-related insulin resis-
tance remained a significant determinant of daytime
DBP even after adjustment for level of adiposity.75

Obstructive sleep apnea (OSA), which is more preva-
lent in obese insulin-resistant children, is also linked to
higher mean ABPM,76 daytime BP variability, and
reduced nocturnal dipping.77 Degree of ABPM abnor-
mality is directly correlated with severity of OSA.
Children with an apneic-hypopneic index >5 had sig-
nificantly higher nocturnal BP levels than less severely
affected patients.78 Children with OSA are also more
likely to have a pronounced early morning BP surge.79

This ABPM pattern is associated with increased risk
for adverse CV outcomes in adults.80

ABPM and Risk for Target Organ Damage
Ambulatory, rather than office BP, relates more strongly
to LVM81 in both hypertensive and normotensive
adults.82 Although one study of children referred to
an HTN clinic did not find an association between BP

load and LVM,83 other studies have seen this relation-
ship.84,85 Severity of BP elevation may also be impor-
tant as BP load relates to LVM84 and a linear increase
in LVM was seen in one study with increasing night-
time SBP.81 Increased BP variability (higher standard
deviation score) is also important as it increased the
odds ratio of having increased LVM index by 54%.85

Vascular damage, a risk factor for stroke,86 is also
associated with ABPM in adults87 even after adjusting
for office BP,88 suggesting that ABPM provides incre-
mental information. Few data are available in chil-
dren, but one study found higher carotid IMT in
children diagnosed with HTN, with the strongest cor-
relation seen between IMT and daytime SBP index
(r=0.47; P=.003).89 Higher IMT was also found in
young obese patients compared with lean controls.
This is significant because even though the obese
group had a significantly higher mean ABPM com-
pared with the lean, only one quarter were actually
hypertensive.47 Although one group did not find a dif-
ference in carotid IMT between lean and obese
patients,90 the obese children did have higher mean
ABPM and this was associated with higher carotid
stiffness and lower endothelial function measured by
brachial flow-mediated dilation.90 In healthy adoles-
cents referred for evaluation of BP, arterial stiffness
as measured by pulse wave velocity was found to be
correlated with SBP, with the correlations for DBP
significant only for ABPM but not for office BP
(Figure 2).91

ABPM measures are more frequently abnormal in
adults with renal damage (elevated albumin excretion)
as compared with office BP levels.92 In children, no
relationship between ABPM and creatinine clearance
or albumin excretion was found in a study of children
with HTN81 although another study was able to corre-
late nighttime SBP to creatinine clearance, but only in
African American patients.93 A more recent study
found that children with high BP loads had lower
glomerular filtration rate (GFR) (79.15 mL ⁄ min ⁄
1.73 m2 vs 96.78 mL ⁄ min ⁄ 1.73 m2; P<.006) and
higher protein excretion (198.29 mg ⁄ m2 ⁄ d vs

FIGURE 2. Arterial stiffness by blood pressure (BP) measurement
technique. PWV indicates pulse wave velocity; ABPM, ambulatory
blood pressure monitoring; NS, not signficicant.91
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118.31 mg ⁄ m2 ⁄ d; P<.036) compared with patients
with normal loads.94

ABPM in High-Risk Conditions
Many pediatric patients with chronic medical condi-
tions are at increased risk for HTN or HTN-related
target organ damage and would benefit from ABPM.
Children with type 1 diabetes mellitus (T1DM) often
experience nocturnal, white-coat, or masked HTN,
conditions that can be diagnosed only with ABPM.95

Poor diabetic control may be a contributing factor as
glycated hemoglobin is related to abnormal mean
ambulatory SBP96 and reduced BP dipping.97 BP
control is especially important in young patients with
T1DM because nocturnal HTN has been associated
with higher carotid IMT23 while higher DBP load98

and blunted nocturnal dipping99,100 were found with
albuminuria, a sign of early renal damage. Reduced
dipping has also been seen in uncomplicated obesity101

and obesity with type 2 diabetes mellitus.102

Children with CKD are known to be at high risk for
CV disease103 making close control of BP a high prior-
ity. Masked HTN may also be more prevalent in these
patients67 and recent data from the Chronic Kidney
Disease in Children (CKiD) study suggests that chil-
dren with masked HTN have lower GFR at baseline
with more rapid decline in GFR during follow-up as
compared with CKD patients who were normotensive
or had WCH (Figure 3).104 The recent Effect of Strict
Blood Pressure Control and ACE Inhibition on the
Progression of Chronic Renal Failure in Pediatric
Patients (ESCAPE) trial has shown that intensified con-
trol of HTN according to ABPM results led to
decreased progression of CKD.105 For this reason,

many pediatric nephrologists are incorporating ABPM
into their clinical practice.106,107

HTN is very common after solid organ transplanta-
tion and may relate to the type of immunosuppressive
agent used.108 However, the BP elevation may be
missed by casual BP measurement because it often
occurs only at night.109 Furthermore, even with
normal office BP, the ABPM may demonstrate poor
BP control,110 which is why use of ABPM frequently
leads to changes in BP regimen in these patients.111

Since ABPM parameters relate to both LVM112 and
carotid IMT113 in pediatric kidney transplant recipi-
ents, ABPM is rapidly becoming an essential feature of
routine care of these children.

MEASUREMENT OF ABPM
Detailed recommendations for performance of ambula-
tory BP studies in children and adolescents were issued
by the American Heart Association (AHA) in 2008,114

and interested readers should consult that document
for specifics on how to measure ambulatory BP in the
young. One measurement issue that warrants further
consideration is selection of ABPM equipment appro-
priate for use in children, a crucial step in obtaining
valid data. Unfortunately, few devices have undergone
rigorous validation testing115 in children and none has
received an unequivocal recommendation from the
dabl Educational Trust, an international consortium
that reviews validation experiments for BP devices
(http://www.dableducational.org/sphygmomanometers/
p_devices_3_abpm.html, accessed February 15, 2012).
Furthermore, auscultatory and oscillometric devices
may not provide equivalent mean values for SBP and
DBP. For this reason, most pediatric centers use the

FIGURE 3. Glomerular filtration rate (GFR) at baseline and change in GFR by blood pressure classification in the Chronic Kidney Disease in Chil-
dren (CKiD) Study.104 CKD indicates chronic kidney disease; WT, weight; HT, height.
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oscillometric device with the largest number of norma-
tive data available to date.116

INTERPRETATION OF ABPM IN CHILDREN
Current recommendations for interpretation of ambu-
latory BP studies in children and adolescents were
issued by the AHA in 2008114 and have been subse-
quently adopted by other consensus organizations.18

These recommendations represented the first attempt
at standardizing the interpretation of ABPM in pediat-
rics and have subsequently been applied by many
investigators in the field of childhood HTN. While
they have proven to be generally useful, we believe
that their application over time has demonstrated that
some modifications are needed. The following discus-
sion will highlight key points of the AHA recommen-
dations, with suggested modifications noted.

Editing
Recording frequency in BP measurement is often every
20 minutes for daytime measures and every 30
minutes at night. At least one valid reading per hour,
including during sleep, is necessary for a study to be
considered complete.114 In general, manual editing of
BP readings generated by the ABPM device should be
extremely limited, if done at all. The device software
should be programmed to edit out invalid readings,
generally readings with SBP >240 mm Hg and
<70 mm Hg, DBP >140 mm Hg and <40 mm Hg,
heart rate >125 beats per minute, and pulse pressure
<40 mm Hg but >100 mm Hg with a DBP less than
SBP.117 Consideration can be given to modifying these
settings if the device is being used to measure ambula-
tory BP in very young children.114 Visual inspection of
the raw BP readings for gross outliers may also be
considered, but automated editing is preferred. The
exception to the above would be manual editing of
any resting BP readings taken with the ABPM device
in the office. While this practice is important to
demonstrate comparability of readings obtained by the
device to the patient’s prior BP readings that day,
these readings may still be affected by the white-coat
effect and do not truly represent the patient’s ambula-
tory BP.

Analysis Periods
Typically, three analysis periods are used for analysis
of ambulatory BP studies: wake, sleep, and the entire
24 hours. There is some variation in the literature on
definition of wake and sleep periods, with some inves-
tigators using fixed time periods (eg, 8 AM–10 PM

for wake and 12 AM–6 AM for sleep) and others rec-
ommending division of the day according to patient-
supplied diary information.118 The fixed time period
approach has the disadvantage of loss of several hours
of BP readings in the early morning and late evening
and may not correspond to patients’ actual sleep-
wake times, leading to some inaccuracies in the mean
BPs and BP loads for the wake and sleep time

periods. This approach also does not account for any
daytime napping. In fact, a recent study that
compared classification of BP status using different
definitions of wake and sleep times concluded that the
fixed time period approach led to significant misclassi-
fication and that use of patient-supplied time periods
was superior.118 Thus, it is strongly recommended
that patients be given diaries to record their sleep-
wake times and that these times be programmed into
the analysis software.

Calculations
Once the monitoring period has been divided into
sleep-wake times, the 24-hour, wake, and sleep mean
BPs should be calculated, and the individual readings
compared with reference data, to generate the BP load
(percent of readings above threshold) for the 24-hour,
wake, and sleep periods.

There are also more advanced variables that can be
calculated from ABPM studies, although these have
not found widespread clinical use in pediatrics. Morn-
ing BP surge is the difference between morning BP and
the nadir during sleep. In adults, it is correlated with
stroke risk independent of mean and nocturnal
ABPM.80 Short-term BP variability is estimated by the
standard deviation (SD) or coefficient of variance119

for daytime or nighttime readings and is associated
with risk for target organ damage and CV mortality.80

More advanced analysis of BP variability can also be
performed using fast Fourier analyses. One study of
young patients with chronic renal insufficiency found
that reduced BP variability correlated with GFR and
albuminuria.120 Hyperbaric index is the area under the
curve above a preselected BP threshold. It may be a
better representation of total CV burden related to
HTN in adults.121 Smoothness index measures optimal
24-hour BP control. It is the ratio between the effect
of treatment on average hourly BP (change in BP
pretreatment to post-treatment) and the SD and may
be a better prediction of regression of LVM with
treatment.80 Ambulatory arterial stiffness index is
calculated as 1 – regression slope of DBP ⁄ SBP from
24-hour ABPM (Figure 4). Whether it truly represents
arterial wall stiffness is controversial,80 it was elevated
in youth with HTN and correlated with arterial stiff-
ness (pulse wave velocity).122

Reference Thresholds
Once all the values have been calculated, comparisons
to reference standards should be made. At present, the
most commonly used pediatric reference data are those
originally published by the group in Germany116,123

and updated in the 2008 AHA statement.114 Separate
tables are available for boys and girls by both age and
height. Since height is such an important determinant
of BP in children, it is preferred to use the tables for
height, except in children less than 120 cm tall, in
whom it may be necessary to use the tables by age,
which do go down to 5 years.
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The drawbacks of the German normative data have
been recently reviewed.21 A significant issue for those
caring for children of diverse ethnic backgrounds is
that the German ambulatory BP data included only
Caucasian children. There are some data that indicate
the possibility that racial differences may exist in
ambulatory BP and that these differences may begin in
adolescence.124 Other issues that have been raised with
respect to the German ambulatory BP data include a
lack of variability in DBP (Figure 5) and small
numbers of shorter children in the database, making
the analysis of ambulatory BP studies problematic in
children with impaired growth, specifically in children
with CKD. It is clear that better normative data are
needed. In the meantime, the German data should
probably be used in most if not all instances.

Definition of HTN
Classification of a patient as either normotensive or
hypertensive by ABPM requires use of both the office
BP reading (preferably obtained by auscultation) and
the results of the ambulatory BP study. Building on

earlier work by Lurbe and Sorof,125 the AHA state-
ment proposed criteria for classification of children as
being normotensive, white coat hypertensive, prehy-
pertensive, masked hypertensive, and hypertensive.114

Since publication of the AHA statement, however, the
field of pediatric ABPM has continued to advance
rapidly and it is clear that the classification scheme in
the statement has a number of deficiencies that in our
opinion merit some revisions. Chief among these are
the following:
• Lack of comment on isolated abnormalities in

diastolic ambulatory BP. The classification scheme
outlined in the statement suggests that children
undergoing ABPM should be classified based on
office and ambulatory SBP. Yet, in routine clinical
use of ABPM, it is apparent that some children have
isolated diastolic HTN. Diastolic HTN on ABPM
has also been shown to potentially signal the pres-
ence of underlying secondary causes of HTN.26

Thus, we feel that DBP should also be incorporated
into the classification.

• No guidance on classification of patients with
isolated nocturnal HTN. As discussed previously,
nocturnal HTN has significant prognostic implica-
tions in certain patient populations, including those
with CKD and diabetes. Further, isolated nocturnal
HTN occurs commonly in other clinical situations,
particularly in solid organ transplantation.109 Thus,
isolated abnormalities of sleep BP on ABPM should
be given the same weight as abnormalities of wake BP.

• The classification scheme in the AHA statement
does not provide guidance on how to classify
patients with normal office BP and normal mean
ambulatory BP but an elevated ambulatory BP load.
Should these children be considered normotensive or
masked hypertensive? The investigators of the CKiD
study have decided to classify these children as
having masked HTN,67 but further study is probably
needed to validate this approach. Certainly a patient
with prehypertension in the office and elevated load
on ABPM should be evaluated more carefully and
frequently.

• The AHA statement mistakenly states that the office
BP cutpoint for prehypertension is a BP >95th per-
centile, but the actual definition by the National
High Blood Pressure Education Program is that pre-
hypertension is office BP �90th percentile and <95th
percentile.12

• Lack of recommendations on use of ambulatory
mean arterial pressure (MAP). The majority of
devices used to perform ABPM utilize the oscillomet-
ric technique, which directly measures MAP and
back-calculates SBP and DBP using manufacturer-
specific software algorithms. The resultant calculated
SBP and DBP values have been shown to vary signifi-
cantly compared with SBP and DBP values obtained
by auscultation. It may be more appropriate to uti-
lize MAP to classify the results of ABPM studies
since this is the one BP parameter that is measured

FIGURE 4. Calculation of ambulatory arterial stiffness index (AASI)
(Urbina, unpublished data, 2012). SBP indicates systolic blood pres-
sure; DBP, diastolic blood pressure.

FIGURE 5. Graph of mean daytime diastolic ambulatory blood pres-
sure for girls according to height.123 Reprinted with permission from
Soergel et al.123
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directly by most devices used to perform ABPM in
children. Furthermore, treatment guided by ambula-
tory MAP has been shown to reduce the rate of
progression of CKD in the recently published
ESCAPE trial,105 further highlighting the importance
of this ambulatory BP parameter. However, lack of
sufficient normative MAP ambulatory BP data makes
this recommendation more difficult to implement.
While further study is probably needed to answer

some of the above questions, we do feel that the classi-
fication scheme in the AHA statement can be simply
modified to address some of the more obvious issues,
including what to do about DBP, isolated nocturnal
BP elevation and the correct identification of children
with prehypertension. We have summarized these
modifications in Table II.

DISCUSSION
ABPM is now well established as a useful clinical tool
in the evaluation of the pediatric patient presenting for
evaluation of HTN. Due to the high prevalence of
WCH, initial ABPM has been estimated to produce a
net savings of more than $2.4 million per 1000 chil-
dren.16 Furthermore, HTN treatment guided by ABPM
was shown to prevent progression of carotid IMT in
renal transplant recipients113 and was associated with
regression of carotid IMT and LVM in adolescents
with primary HTN.126 ABPM measures also maintain
relative rank (tracking) better than office readings over
a 15-year period127 and ABPM results have less vari-
ability than office BP readings. The ability of ABPM
to better approximate a patient’s true BP level may
allow reduction of sample size by up to 75% in anti-
hypertensive drug efficacy studies.128

There are gaps in the knowledge base, however.
More validation experiments need to be conducted in
children with a variety of ABPM devices and compari-
sons between auscultatory and oscillometric devices
need to be made in terms of utility, ease of use, and

normal mean values. Age-related differences between
casual and ambulatory BP measures need to be defined
further.129 Normative data across different ethnicities
are also lacking. This is especially important as many
studies have demonstrated a different prevalence for
HTN depending on which normal cutpoints were
employed and whether casual130,131 or ambulatory
data132 were used. Correlations between BP variability
and target organ damage in youth with HTN should
also be sought and more data on the usefulness of
circadian BP control are needed.

Current guidelines for use of ABPM are also insuffi-
cient. There is clear evidence for the benefit of per-
forming ABPM in children suspected of being
hypertensive but no hard indications are given.114 The
AHA ABPM statement also does not provide clinicians
with recommendations on patient management after
ABPM has been performed.114 For instance, there is
risk for target organ damage with WCH, masked
HTN, and prehypertension (as outlined above), yet no
consensus has been reached as to whether these condi-
tions mandate drug therapy to lower BP. Hopefully,
the recommendations for use of ABPM in children will
be strengthened based on recently published studies.
Despite these limitations, ABPM will see increasing
use in pediatric patients.

CONCLUSIONS
Since intensive BP control only achievable with ABPM
has already proven effective in reducing the prevalence
of LVH15 and progression to end-stage renal disease in
children,105 it is clear that consistent application of
ABPM will assist clinicians in improving BP control
and reduce the burden of CV risk in children and
adolescents with HTN.
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