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Abstract

The updated clinical practice guideline (CPG) published by the American Academy of Pediatrics
in 2017 introduced significant changes to the diagnostic and evaluative approach towards children
with elevated blood pressure. The goals of this review were to summarize the current evidence
regarding the impact of the new CPG on the identification and risk stratification of children at
increased cardiovascular disease risk. Universally, the new CPG definitions of abnormal blood
pressure led to more children classified as having a hypertensive blood pressure when compared to
alternative definitions. Youth who moved to a higher blood pressure stage with the CPG typically
had worse cardiometabolic profiles and more co-morbidites. The association of CPG-defined
hypertension and concurrent intermediate cardiovascular disease outcomes such as left ventricular
hypertrophy and increased pulse wave velocity remains unclear; however, longitudinal data
suggests an improved identification of those at greatest risk for adult cardiovascular disease with
the CPG definitions. The majority of studies reviewed used blood pressure from one encounter,
not replicate blood pressures from multiple visits, to define an abnormal or hypertensive blood
pressure. Therefore, future studies investigating the prevalence of confirmed hypertension and the
association between confirmed hypertension and outcomes are needed to optimally characterize
the performance of the new CPG on identifying children at cardiovascular disease risk.
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In 2017 the American Academy of Pediatrics (AAP) published an updated Clinical Practice
Guideline (CPG) regarding the “Evaluation and Management of Elevated Blood Pressure
and Hypertension in Children”.1 This guideline, encompassing 30 key action statements and
27 expert recommendations, was developed based on the comprehensive review of almost
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15,000 articles published since the prevailing guideline at the time, the National Heart Lung
and Blood Institute’s “Fourth Report on the Diagnosis, Evaluation, and Treatment of High
Blood Pressure in Children and Adolescents” (4th Report),2 had been published in January
2004. This new guideline included significant changes to the nomenclature, the normative
blood pressure (BP) tables, and the diagnostic and evaluative approach towards children with
elevated BP.

One of the more striking updates in the CPG was the revised approach to staging BP in
children, including extensive changes to the normative BP tables. Whereas the 4th Report
normative BP tables included data from over 60,000 healthy children in the United States
(US) across the continuum of body size, the CPG normative tables were reconstructed after
excluding data from children with overweight or obesity. This removal of ~12,000 children
with body mass index (BMI) percentiles >85% led to an overall downshifting of the 501",
90th, 95t and the new 95t +12 mmHg category BPs across age, sex, and height stratum. In
addition, the CPG simplified the diagnosis of abnormal BP for children 13 years of age and
above by recommending static cutpoints for this group in lieu of the age-sex-height specific
percentile based definitions recommended previously. These adolescent BP thresholds align
with those in the latest American College of Cardiology (ACC)/American Heart Association
(AHA) adult hypertension guidelines.3 These new adult guidelines recommend thresholds
that are notably lower than those endorsed by the Joint National Committee V11,4
Specifically, for all individuals 13 years of age and older, elevated BP (formerly pre-
hypertension) is now defined as 120-129/<80, Stage 1 hypertension is now defined as BP
130-139/80-89, and Stage 2 hypertension is defined as BP 140/90.1:3

The clinical impact of these changes varies by sex across the pediatric age range. As nicely
detailed in Antolini et al’s 2019 publication®, for younger, shorter boys, the new CPG
percentiles resulted in BP norms that were 1-4 mmHg lower than in the 4™ report, but for
school age boys the norms were 3-5 mmHg higher. Younger girls overall have BP norms that
are 1-3 mmHg lower in the CPG, while those 7-12 years of age have norms that are 1-3
mmHg higher. Perhaps most striking is the impact on BP classification for adolescents.
Starting at age 14 years, the 41 Report 95 percentile SBP was =130 mmHg for taller boys
and the 95™ percentile DBP was =80 mmHg or greater for all boys. So, for many males, the
new 130/80 definition of hypertension would lead to more adolescents identified as
hypertensive than those classified using 41 Report percentiles. Conversely, shorter male
adolescents are more likely to be downclassified as normotensive because their 4t report
percentile based SBP norms had been well below 130mmHg. This change to a static
cutpoint is most impactful for adolescent females: almost all girls 13 years of age and above
had 41" report SBP norms <130mmHg. The new CPG hypertension definitions will therefore
lead to a lower prevalence of hypertension among teen girls.

This CPG also expanded its definition of left ventricular hypertrophy (LVH). LVH is now
considered present when the left ventricular mass index (LVMI) exceeds either 51g/m2-7 for
children 8 years of age and above or when left ventricular mass exceeds 115g/[body surface
area (BSA)] for girls and 95g/BSA for bays. It was expected that these significant updates
would lead to a change in the landscape of disease burden, the strength of association
between hypertension and co-morbid cardiovascular disease (CVD) risk factors, and the
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association of abnormal childhood BP with adult CVD. Therefore, the goals of this review
were to summarize the current evidence regarding the impact of the new CPG on the
identification and risk stratification of children at increased CVD risk.

Prevalence of Hypertension and Abnormal Blood Pressure

At the time of the CPG publication in 2017, the estimated prevalence of pediatric
hypertension overall in the United States was 3.5%. This burden was more pronounced in
high-risk populations such as children with overweight/obesity (3.9-25%), prematurity
(7.3%), kidney disease (50-80%), and sleep disorders (3.6-14%).1 Since then, several
investigators have described the prevalence of hypertensive BP in various groups using the
new CPG definitions (Table 1). It should be noted that no published study to date reports on
the prevalence of confirmed hypertension, but instead describes the prevalence of abnormal
BP. Most studies provide these estimates from measurements taken at one visit. Several
provide estimates from measurements taken over multiple visits, but notably lack
confirmation according to recommended guidelines. Adherence to the guideline
recommended replicate measurements via manual auscultation over multiple visits with
ultimate confirmation by 24-hour ambulatory blood pressure monitoring would likely lead to
prevalence estimates 30-50% lower than the reported estimates, particularly those obtained
from single visits.

Sharma et al was one of the first to publish data regarding the impact of the new CPG
definitions on abnormal BP prevalence.” In their large study that included data from over
15,000 healthy, low-risk children aged 5-18 years who participated in the US National
Health and Nutrition Examination Surveys (NHANES), the new CPG thresholds and
definitions led to a substantial increase in high BP prevalence (defined as a BP in the
elevated, stage 1 orstage 2 hypertension range): 12.8% had high BP using 4th Report
thresholds and percentiles while 15% had high BP using CPG thresholds and percentiles. In
addition, almost 6% were classified as being in a higher stage of BP with the new CPG, with
the overall prevalence of both Stage 1 and Stage 2 hypertensive BP being greater with CPG
definitions.

Other investigators investigated for temporal trends in prevalence when applying the
different thresholds by comparing the burden of abnormal BP among children 8-17 years of
age in earlier and later NHANES cycles.® While this analysis did reveal an overall lower
burden of elevated and hypertensive BP in the later cycles, consistent with the results in the
Sharma at al study they also found an increase in hypertensive BP prevalence with use of the
CPG definitions regardless of cycle era. A possible explanation for the greater proportion of
youth with higher BP in earlier years is that the median age of children with a hypertensive
BP was higher in the 2005-2008 cohort (12 years) than those in the 2013-2016 cohort (10-11
years). Notably, approximately 2.5% of youth in 2005-2008 and 1.5% of youth in 2013-2016
were reclassified as hypertensive when using the CPG.

Other studies in US children revealed similar increases in hypertension prevalence with the
new CPG guidelines. In a secondary analysis of data collected for a study investigating the
association of obesity and type 2 diabetes mellitus (T2DM) on cardiovascular measures,
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Khoury et al found the proportion of hypertensive BPs increased from 8% with the 4th
Report to 13% with the CPG (p=0.007).° One quarter of participants with a BP in the
elevated range per the 4th Report were reclassified to the stage 1 hypertension range with the
CPG,; all of these reclassified children were 13 years of age or greater. Using data from 2600
pediatric well child visits extracted from the electronic medical record, Condren et al found
that the prevalence of a hypertensive BP increased from 9.5% to 17.85% when using the
CPG, with 12% of blood pressures overall being “up-classified” from normal to abnormal .10
Contrary to results found by Khoury et al, children younger than 13 years of age were more
likely to be reclassified to a higher BP category than children who were 13 years of age and
older [Odds Ratio (OR) 1.6, 95% confidence interval (Cl): 1.25, 2.05]. A possible
explanation for this difference is related to how BP measures were obtained: the BPs in the
Khoury study were all obtained according to a rigorous, standardized research protocol via
manual auscultation whereas the BPs in the Condren study were obtained during routine
clinical care via oscillometry.

In contrast to the above studies that evaluated the impact of the CPG on BP obtained at one
visit, Bell et al studied the effect of the CPG definitions using replicate measurements done
in a standardized fashion during three separate visits.11 Of the 22,224 children who were
predominantly between 11-15 years of age evaluated in this School Based Screening
Program in the southern US, 2.3% had confirmed hypertension based on measurements
obtained at 3 separate screening sessions when using CPG guidelines, compared to 2.7%
when using the 4" Report guidelines. Age, sex and height were the greatest drivers of re-
classification of “confirmed hypertension” with the CPG, with younger, shorter boys more
likely to have BPs persistently in the hypertensive range across the three screening periods.
It should be noted that all BP measurements in this study were obtained with an automated
device; none of the elevations were confirmed via manual auscultation as recommended by
the CPG. When considering only the BPs obtained during the initial screen, the difference in
prevalence of elevated BP and hypertensive BP using the 41" Report vs. CPG was 14.7% vs.
16.3% and 7.8% vs. 6.9%, respectively. Notably, the increase in elevated BP prevalence with
the CPG was due to down-classification of children from the Stage 1 hypertension range to
this lower elevated BP range.

In a Bogalusa Heart Study cohort of 3940 children who were followed longitudinally into
adulthood, the CPG reclassified 329 children into a higher BP stage: 2.7% were up-
classified to elevated BP and 5.6% were up-classified to hypertension.12 A small percentage
(1%) were reclassified downward. Notably, the children who were classified upward had
greater BMIs and more CVD risk factors overall. Finally, Kharbanda et al demonstrated that
a greater number of children with elevated BP progressed to hypertension when using the
CPG guidelines compared to the 41 Report guidelines (5.9% vs. 1.1%) and that progression
was most common in older children and children with obesity.13 In fact, among youth with
obesity, progression to hypertension was almost twice as common than among those with
overweight or normal weight.

Internationally, the new CPG recommendations perform similarly. In a large cohort
(>47,000) of children 6-17 years of age who participated in national surveys in Europe and
Asia, fewer children had an elevated BP with the CPG definition than with the 4th Report
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(8.6% vs 14.9%), but this decreased prevalence was explained by a more than doubling of
hypertensive BP prevalence for both stage 1 and stage 2 hypertension with the CPG: BP in
the Stage 1 range increased from 6.6% to 14.5%, and BP in the Stage 2 range increased from
0.4% to 1.7%.14 As with US studies, males, adolescents and youth with overweight/obesity
were most likely to be up-classified with the CPG than their comparators. Similar
reclassification percentages were observed in a large, population based cross-sectional study
in China, with hypertensive BP increasing from 10.8% to 16.7% among children 6-12 years
of age and from 6.3% to 7.9% among children 13-17 years of age when using the CPG (vs.
the 41 Report).1®

In a school based study of Thai children aged 8-13 years, hypertensive BP was determined
based on the presence of persistently elevated replicate BPs on 2 separate occasions
separated by 4-6 months.16 In this cohort, 10.8% had hypertensive BP using CPG vs. 6.9%
using the 4th Report definitions; however, it should be noted that these authors solely
utilized percentile based definitions of hypertension for children and adolescents. Another
group of investigators used a similar approach to BP classification when studying a cohort of
Italian youth. Using the mean of triplicate automated BPs, the prevalence of elevated and
hypertensive BP increased by 6% and 7% respectively in their study population when using
the percentile based thresholds for all children (including those 13 years of age and older).>
Notably, some children were reclassified into a lower BP category with the CPG: 1.4%
moved to either normotensive or elevated BP stages. Among the 177 children in this cohort
who were 13 years of age and older, 30% were reclassified when the static CPG cutpoints
were employed: roughly 15% overall to a worse BP category and 15% to a better BP
category.

CPG Performance in Risk Stratification

One of the main mativators for updating the normative data and diagnostic thresholds in the
CPG was to improve risk stratification of children at risk for concurrent and future CVD.
Some of the above studies and others explored the impact of the CPG updates on identifying
children at greatest CVD risk.

Pediatric Obesity, Diabetes and Dyslipidemia

Consistent with the studies described previously, many of which included a substantial
number of children with overweight and obesity, implementation of the CPG resulted in an
increased proportion hypertensive BP among children with Type 1 Diabetes Mellitus
(T1DM).17 Specifically, among a group of European children 5-20 years of age with TLDM,
the prevalence of hypertensive BP increased from 26.5% when using the 41 Report to 44.1%
when using the CPG. This difference was maintained across all age groups, with the
difference most pronounced among the older adolescents.

In addition to identifying more hypertensive BP among youth in at-risk groups, there is
evidence that children and adolescents in the general population who are reclassified as
having a hypertensive BP may also have more co-morbidities. Across studies in the US and
international settings, youth who were reclassified as hypertensive by CPG were more likely
to have a greater BMI,7-12.16 dyslipidemia’-1214 and evidence of impaired glucose
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tolerance’14 when compared to children who were classified as normotensive. For instance,
youth who were reclassified as hypertensive by the CPG in NHANES were more likely to be
overweight or obese (55.9% vs 35.0%, P<0.001), with higher lipid levels (% with high low
density lipoprotein-c level: 12.2% vs 3.9%, p=0.002) and abnormal hemoglobin Alc values
(% with high hemoglobin Alc: 3.4% vs. 0.6%, p=0.02) when compared to age-, sex-, and
height matched normotensive controls.” Du et al reported a greater BMI (18 vs. 17 kg/m?,
p=0.028) and total cholesterol level (168 vs. 162 mg/dL, p=0.03) among children who were
reclassified into a higher BP category with the CPG than propensity-score matched
normotensive children.12 An international cohort of pediatric patients had similar findings,
with those reclassified into a higher BP category more likely to have increased BMI (20.4 vs
16.5 kg/m?; p<0.001) and greater overweight/obesity (26.8% vs. 1.4%; p<0.001),
dyslipidemia (all components, all p<0.001) and abnormal fasting glucose (87 vs. 85.7
mg/dL, p<0.001) compared to age-, sex-, height percentile-, and country-matched
normotensive controls.2* In fact, 6.3% of children reclassified to a higher BP category in this
study had 3 or more CVD risk factors compared to 0.1% of the normotensive group
(p<0.001).

Cardiac Target Organ Damage

Multiple investigators have sought to determine the ability of the CPG BP definitions to
identify children at elevated CVD risk due to the presence of LVH. These studies have had
mixed results.

Despite finding a greater prevalence of CPG-defined hypertensive BP (vs. 41 report-defined
hypertensive BP) among children with an LVMI = 38.6 g/m%7 (31% vs. 20%, p<0.001), US
investigators did not find either definition of hypertensive BP to be significantly associated
with the presence of LVH.? An Italian study came to a similar conclusion when basing the
definition of abnormal BP solely on percentiles for all children®: the CPG did not perform
any better than the 4! Report in identifying patients with LVH (defined as LVMI = 95t
percentilel8).

Atherosclerosis/Vascular Markers

As seen with cardiac target organ damage in the US study mentioned above, a greater
proportion of youth with elevated carotid intima media thickness (cIMT) and increased pulse
wave velocity (PWV) had hypertensive BP when using CPG than when using 4th Report BP
thresholds.® However, the odds of having one of these surrogate markers of atherosclerosis
was no different among children with hypertensive BP when using either guideline
thresholds.

The CPG definitions were also no better at discriminating children with abnormal cIMT or
PWV than strategies using universal static BP cutpoints across childhood (hypertensive BP
defined as =120/80 for children 6-12 years and as =130/80 for children =13 years),19:20 or
different reference BP values derived from the population-based German KiGGS study
(Children and Adolescents Health Survey)?! to classify youth.
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CPG performance in identifying youth at increased risk for adult CVD

The overarching goal of pediatric hypertension care is to promote the CV health of youth
and to prevent CV events and the resultant morbidity and mortality in adulthood. Several
studies have attempted to investigate the impact of the updated guidelines on identifying
children and adolescents at risk for CVD. Du et al specifically aimed to determine how well
the CPG performed in identifying adult hypertension, metabolic syndrome and cardiac target
organ damage in the form of LVH when compared to the 4" Report.12 Using data from the
Bogalusa Heart Study, which included 36-years of data since childhood, they determined
that 7% and 11% of the cohort had pediatric hypertension per the 41" Report and CPG
respectively. The relative risk for developing adult hypertension, metabolic syndrome or
LVH was similar when using either definition of childhood prehypertension/elevated BP and
childhood hypertension. However, the children who were reclassified into a higher stage of
BP (either to elevated BP or stage 1 or 2 hypertension) with the CPG had greater LVMI as
adults and had a greater prevalence of hypertension, metabolic syndrome and LVH as adults
than their normotensive counterparts, even after adjusting for pediatric BMI and total
cholesterol levels. Children who were reclassified downward did not have increased risk for
any of the adult outcomes studied.

Another study using data from the Bogalusa Heart Study investigated whether static
cutpoints to define pre-hypertension and hypertension in childhood could better predict
intermediate outcomes such as adult hypertension, subclinical atherosclerosis (increased
cIMT), arterial stiffness (increased PWV) and left ventricular hypertrophy (elevated LVMI)
in adulthood than the percentile based definitions in the 41" Report.22 This study, published
prior to the CPG, used 110/70 and 120/80 as cutoffs for pre-hypertension and hypertension
in children 6-11 years of age, respectively and 120/80 and 130/85 for pre-hypertension and
hypertension cutoffs for children 12- 17 years of age, respectively. The risk for development
of these intermediate outcomes in adulthood was similar when using either definition: the
hazard ratio for any cardiovascular (CV) outcome was 3.21 (95% CI 2.07-4.96) with static
cutpoints and 2.2 (95% CI 1.47-3.3) with 4" Report percentile based cutpoints. In fact, the
net reclassification improvement analysis (2.17% improvement with static cutpoints,
p=0.17) and the receiver operating characteristic curve analysis [area under the curve with
static cutpoints 0.55 (0.53-0.58) vs. 0.54 (0.52-0.57) with 4" Report percentiles, p=0.115],
both employed to determine if the simplified classification schema better identified
intermediate outcomes, were non-significant and confirmed no significant difference
between the two definitions.

Young adults have also seen a benefit to the lower hypertension thresholds endorsed by the
ACC/AHA in terms of predicting their future CV risk. While not directly comparing the risk
for CV events (such as coronary heart disease, heart failure, stroke, transient ischemic attack,
and peripheral artery disease) when using these new adult BP thresholds to the older
thresholds, Yano et al described a 1.75 greater hazard (95% CI 1.22-2.53) of future CV
events with a Stage 1 BP in young adulthood (18-40 years) and a 3.49 (95% CI 2.42-5.05)
greater hazard with a stage 2 BP when compared to normal BP (<120/80) even after
adjusting for known confounders.23
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Comparison with European Society of Hypertension guidelines

The European Society of Hypertension (ESH) published updated guidelines regarding the
management of high BP in youth?4 one year before the AAP published the CPG. While
there are several notable differences between the guidelines,2® they both recommend static
cutpoints for hypertension diagnosis during adolescence (starting at age 13 years in the US
and at age 16 years in Europe; Table 2). However, the ESH guidelines continue to endorse
the use of the 4™ Report normative BP tables. They also recommend percentile based
definitions of LVH (LVMI >95!" percentile) and define elevated relative wall thickness
(RWT) as >0.38. In contrast, the CPG not only recommends static left ventricular mass
cutpoints for L\VH but also recommends a higher threshold for defining elevated RWT
(defined as >0.42).

As was found with the 4™ Report, a greater proportion of children had a hypertensive BP
when using the CPG definitions than when using the ESH definitions. Among a population
of white, Italian children with overweight/obesity, not only was a greater proportion
categorized as having a hypertensive BP with the CPG (38.4% vs. 30.7% with ESH)?%, but
11% of ESH-normotensive children were reclassified as having a hypertensive BP with the
CPG.27 And, as seen in the US studies, children reclassified as hypertensive were older with
poorer cardiometabolic profiles (higher BMI, greater insulin resistance, more dyslipidemia,
and greater measures of target organ damage) than those with persistently normal BP by
CPG thresholds.2’ This difference in abnormal BP prevalence by CPG criteria also extended
to children with BMI across the spectrum (healthy weight, overweight and obesity): the
prevalence of elevated BP, stage 1 and stage 2 hypertensive BP using CPG definitions was
10.5, 9.1 and 1.5%, compared to 6.6, 6.0 and 0.6% when using ESH definitions.28 Children
=13 years were particularly prone to reclassification with the CPG. As an example, in the
study of Italian youth with increased adiposity, there was a 43% increase in prevalence of
hypertensive BP among adolescents compared to a more modest increase of 11% among
children <13 years when using the CPG.26

Notably, each guideline performed similarly in regards to cardiac target organ damage. A
similar proportion of children with hypertensive BP by ESH and CPG had LVH both when
defined by LVVMI-percentile criteria (61% for both) and when defined by static LVMI
cutpoints (17% by ESH and 16% by CPG). They also had a similar ability to predict
concentric LVH when defined using LVMI-percentile based criteria; ESH-hypertensive BP
was associated with a 2.53 greater odds (95% ClI: 1.43-4.47) of LVH and CPG-hypertensive
BP was associated with a 2.95 greater odds (95% CI: 1.70-5.14) of LVH when compared to
children with a normal BP. Interestingly, neither definition of hypertensive BP was
associated with L\VVH when defined using the static left ventricular mass cutpoints endorsed
by the CPG.26

24-hour Ambulatory Blood Pressure Monitoring

Ambulatory BP phenotype is based on the combination of a resting, clinic BP and the mean
of repeated out-of-office measurements obtained by an ambulatory BP monitor. It follows

that ambulatory BP phenotype is therefore influenced by the thresholds used in interpreting
these clinic BP measurements. When clinic BP classification changes, ABPM interpretation

Hypertension. Author manuscript; available in PMC 2022 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Brady et al.

Page 9

is affected. Unsurprisingly, significant differences in the prevalence of white coat
hypertension (high clinic BP with normal ambulatory BP) and masked hypertension (normal
clinic BP with ambulatory hypertension) have been described when using the CPG or the
ESH guidelines for clinic BP interpretation. Lurbe et al found more white coat hypertension
with the CPG definitions and more masked hypertension with ESH definitions. No
differences were observed in sustained normotension (83.3% ESH and 81.0% CPG) or
sustained hypertension (3.1 ESH and 3.9% CPG).28 Recognizing that the CPG uses a lower
static threshold to define hypertension in youth at a younger age than the ESH guidelines
(130/80 at age 13 years vs 140/90 at age 16 years) these findings are not surprising. Another
notable difference between ESH and CPG ABPM interpretation is the fact that the ESH
guidelines recommend using the adult cutpoint of 135/85 when the sex-height-based ABPM
percentile values exceed this threshold. The CPG follows the AHA recommendations?®,
which support the use of percentile-based cutoffs for all youth; as a result, some taller
children have higher thresholds than endorsed by the adult US ABPM guidelines. These
differences suggest that more work is needed to identify the optimal ambulatory BP
thresholds for youth.

Conclusions

The updated Clinical Practice Guideline by the American Academy of Pediatrics introduced
several key changes regarding the approach to the diagnosis and evaluation of elevated BP in
youth. Updating the normative BP database to be more “normal” through the exclusion of
data from children with overweight and obesity and endorsing adult static cutpoints for
hypertension diagnosis starting in adolescence has changed contemporary estimates
regarding the burden of pediatric CVD. Specifically, these new CPG hypertension
definitions have led to a global increase in hypertensive BP prevalence. In addition, studies
published in the 3 years since publication of the CPG suggest the key action statements
endorsed by the guideline allow for an improved ability to identify at-risk youth. Many
studies showed that the children who were “up-classified” with the CPG — meaning, those
who had BP measurements categorized into a higher BP stage when using the CPG
definitions than when using another definition - had worse cardiometabolic profiles in
childhood and greater CVD risk factors in adulthood than those who were not. These
findings suggest the CPG staging schema may more optimally identify children at greatest
risk.

While the research reviewed makes a compelling case for use of the CPG over other
guidelines, one needs to be mindful of the fact that there was significant heterogeneity in the
(1) study population (general vs. at increased risk; age range); (2) BP measurement
technique (standardized research vs. typical clinical care; automated vs. manual; single vs.
replicate); (3) BP categorization (as a “hypertensive” BP from one visit vs. as
“hypertension” based on replicate measures over time); and (4) target organ damage
definitions between studies. In fact, almost all studies reviewed (8 out of 11) used BP from
one point in time to report changes in prevalence. This is important to keep in mind as
hypertension is defined as the sustained elevation in BP when replicate BPs are obtained
over several visits. Additionally, HTN should also only be diagnosed in children when
elevations are confirmed with an auscultatory measurement and then later with 24-hour
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ABPM. Of the studies reporting prevalence, only 6 used auscultatory measures. None of the
longitudinal studies reviewed used auscultatory measures for confirmation. It therefore
remains unknown what the prevalence of pediatric hypertension in the US and across the
world will be with widespread adoption of the new CPG. However, based on the cross-
sectional results above, an increase in prevalence is likely. Further, while not addressed in
this review, the removal of the cumbersome age-, sex-, and height-based definitions starting
in adolescence paves the way for even greater recognition of BP elevations. With pediatric
studies showing improved recognition of BP elevations when the systolic BP is greater than
120 mmHg,303L it is likely that the CPG-recommended static cutpoints in adolescence will
enhance provider diagnosis of hypertension leading to downstream increased prevalence
estimates.

What remains unclear is the ability of the new CPG to identify cardiac target organ damage
or proxy measures of atherosclerosis. While the burden of hypertensive BP is greater among
children with these markers, hypertensive BP by the CPG does not appear to better predict
these outcomes than other definitions. A notable limitation of the studies reviewed is that
they all explored the association of a hypertensive BP from one point in time with outcomes,
not a hypertension diagnosis based on the sustained elevation of BP over several weeks to
months or with ABPM confirmation. Future studies should investigate the association of
confirmed HTN with these intermediate outcomes to better determine how well the CPG
performs in this regard.

With ongoing results from the SHIP AHOY study in the US expected to provide more data
regarding clinically meaningful diagnostic thresholds in children32 and the International
Childhood Cardiovascular Cohort working to provide more data regarding the long-term
cardiovascular implications of abnormal BP in childhood,33 it is likely that the landscape of
pediatric cardiovascular health promotion will change even further in the coming years.
While guidelines may change, regular screening of BP for abnormalities will remain a
cornerstone of CVD prevention.
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Changes in hypertensive blood pressure prevalence when applying the American Academy of Pediatrics
Clinical Practice Guideline Definitions

Mean of 6 BPs
Highest mean
BP from any
one study visit

Study Study Study Population Overweight | Blood 4t report CPG 4t report CPG HTN Agreem
Location Authors design and and/or Pressure Pre-HTN Elevated HTN between
Participant Obesity determination BP categori
Pool Prevalence and staging
US Studies Sharma et Cross- 5-18 years Obesity: Auscultation 9.1% 8.7% Stage 1: Stage 1: x=0.73
al, 2018 sectional 8 NHANES 10% Standardized 2.6% 5.1% (95% CI
NHANES cycles AtoH research Stage 2: Stage 2: 0.71-0.7!
cycles (1999-2014) measurements 0.06% 0.4% P<.001
N= 15,647 Mean of last
2-3 BPs
One visit
Al Kibria, | Cross- 81to 17 years Overweight/ | Auscultation 2005-2008: | 2005-2008: | 2005-2008: | 2005-2008:
etal, 2019 | sectional NHANES: Obesity: Standardized 10.3% 9.5% 3.1% 5.7%
2 groups of 2005-2008 41% research 2013-2016: | 2013-2016: | 2013-2016: 2013-2016:
NHANES cycles (2005-2008) | measurements 7.5% 7.1% 1.9% 3.5%
cycles, N=3,633 42% Mean of first
considered 2013-2016 (2013-2016) | 1-3 BPs
separately cycles One visit
N=3,471
Khoury et | Cross- 10-18 years Obesity: Auscultation 21% 16% 8% 13%
al, 2018 sectional N=364 47% Standardized
Secondary research
analysis of measurements
data from Mean of 3 BPs
established One visit
research
cohort (ref)
Condren Cross- 3-18 years Overweight/ | Automated 16.1% 16.3% 9.5% 17.9% x=0.71
etal, 2018 | sectional 73% < 13 yrs obesity: Clinical care (95% CI
Electronic Well child 44% measurement 0.69, 0.7
health record | visits One BP Bowker’
data 4 primary care One visit test of
clinics symmetr
Oklahoma p<0.000:
July-December
2017
N=2600
Bell et al., Cross- 10 to 17 years Overweight/ | Automated Based on Based on Based on Based on x =0.86
2019 sectional Majority 11-15 obesity: - ABPM device | mean BP at | mean BP at | mean BP at | mean BP at | Overall
with repeated | yrs 37% - Office device initial initial initial initial agreeme
measures Houston, TX If BP normal: screen: screen: screen: screen: =93.4%
School-based | 2000-2017 one BP, one 14.7% 16.3% 7.8% 6.9%
screening N= 22,224 visit Based on Based on
study If BP = mean BPs mean BPs
elevated: mean at3 at3
of 2nd gnd 3rd screenings: screenings:
BP, 2-3 visits 2.7% 2.3%
Standardized
research
measurements
Used BPs from
up to 3 visits to
classify
hypertension
stage
Du et al, Cross- 3-18 years Not Auscultation 19% 17% 6.5% 11% x=0.83
2019 sectional 1973-2016 reported Standardized (95% CI
Bogalusa N=3940 research 0.82-0.8!
Heart Study measurements
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Study Study Study Population Overweight | Blood 4t report CPG 4t report CPG HTN Agreem
Location Authors design and and/or Pressure Pre-HTN Elevated HTN between
Participant Obesity determination BP categori
Pool Prevalence and staging
Kharbanda | Retrospective | 10-17 years Overweight/ | Automated Had pre- Had Overall: Overall: Not
etal, 2019 | cohort study PCP visits obesity: Standardized HTN at elevated 1.1% 5.9% reported
Electronic 21 PCPsitesin | 48.9% clinical care study entry | BP at Among Among
health record | upper Midwest measurements study entry | youth with youth with
data 4/15/14-4/14/16 Mean of 1-2 obesity: obesity:
N= 2025 with BPs/visit 1.9% 10.2%
pre-HTN/ 60% with only
elevated BP at 1 BP per visit
study entry and 3 visits
with 3
subsequent BPs
available over 2
years
International | Yang, et Cross- 6-17 years Overweight/ | Auscultation 14.9% 8.6% 7% 16.2% Not
Studies al, 2019 sectional 6 countries: obesity: Standardized reported
6 national China, India, 19.9% research
surveys Iran, Korea, measurements
Poland, Tunisia Mean of last 2
N = 47,200 BPs
One visit
Pirojsakul, | Cross- 8-13 years Overweight/ | Automated Not Not 6.9% 10.8% Not
etal, 2019 | sectional Bangkok, obesity: Standardized reported reported reported
with repeated | Thailand 36% research
measures August 2017 to measurements
School-based | February 2018 Mean of last 2
screening N=536 BPs
study 2 visits
Antolini, Cross- 4-17 years Overweight/ | Automated 16% Percentile 34.9% Percentile Not
etal, 2019 | sectional -81% <13 yrs obesity: Standardized based based reported
Patients from | Milan, Italy 76% measurements cutpoints cutpoints
an obesity January 2009 to Mean of 3 BPs for all ages for all ages
and elevated August 2018 One visit (N=951): (N=951):
BP clinic N=951 Hypertensive 14.8% 40.9%
BP for the Static- Static-
entire cohort cutpoints cutpoints
was determined for =13 for =13
using percentile years only years only
based (N=177): (n=177):
thresholds for 38% 33.9%
all, using
separate
normograms
for 41 report
and CPG
estimates.
Reclassification
of children 13
years of age
and older when
using static
cutpoints was
determined
separately
Dong et Cross 6-17 years Overweight/ | Auscultation Not Not Children Children
al, 2019 sectional 7 provinces in obesity: Standardized reported reported 6-12 years: 6-12 years:
Baseline data | China 22.4% research 10.8% 16.7%
from RCT 2013 measurements Adolescents | Adolescents
N =50,336 Mean of 3 BPs 13-17 13-17
One visit years: years:
6.3% 7.9%

Abbreviations: BP — blood pressure; HTN — hypertension; NHANES — National Health and Nutrition Examination Study; PCP — primary care
provider; RCT - randomized clinical trial
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Differences in Blood Pressure Categorization and Definition of Cardiac Target Organ Damage by Different

Pediatric Guidelines

Cardiovascular

Fourth Report

AAP Clinical Practice Guideline (2017)

ESH Guidelines (2016)

Disease (2004)
Risk Factor

All Children <13 years > 13 years <16 years > 16 years
Normotension <90t %ile <00t 0pile <120/80 <90t %ile <130/85

Prehypertension/
Elevated Blood
Pressure

*
>90™ %ile to
<95t %ile

*
=90 %ile to <95t
%ile

120-129/<80

*
=90t %ile to
<95t %ile

130-139/85-90

Stage 1 Hypertension

295t to < 99t + 5
mmHg

>95M to < 95t + 12
¥
mmHg

130-139/80-89

=95t to < 99t +
5 mmHg

140-159/90-99

Stage 2 Hypertension

>99™ + 5 mmHg

>95t + 12 mmHg€

= 140/90

>99™" + 5 mmHg

160-179/100-109

Left Ventricular
Hypertrophy

LVMI > 51 gim27%

LVMI > 51 gim2 7P
or

LVM > 115 g/BSA for boys and LV mass >95

g/BSA for girls

LVMI > age-sex specific 95™ %ile

Increased Relative
Wall
Thickness

Not defined

>0.42

>0.38

*
Or 120/80, whichever lower;

¥Or 130/80-139-89, whichever lower;

€Or > 140/90, whichever lower

£, . .
*“conservative cutpoint”

P

or children >8 years

AAP: American Academy of Pediatrics; BSA: body surface area; ESH: European Society of Hypertension; LVM: left ventricular mass; LVMI: left

ventricular mass index

Fourth Report: National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents. The fourth
report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents. Pediatrics 2004;114:555-76
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