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?Renal Section, Texas Children’s Hospital, 2017 pediatric blood pressure (BP) guidelines applied adult BP norms to define clinic
Houston, TX, USA hypertension (HTN) in patients > 13 years. 2014 pediatric ambulatory BP moni-
Corfespondence o tor (ABPM) guidelines recommend age- and sex-specific percentile norms for pa-
gs”s;c;zaf"rj;;imZ}jleybze;;:c;t}zzzlor tients < 18 years. The authors evaluated reclassification of HTN when applying adult
Suite 245, Houston, TX 77030, USA. ABPM norms in patients > 13 years and assessed the association of left ventricular
Email:jicampbe@texaschildrens.org hypertrophy (LVH) with HTN. Charts of patients 13-17 years with ABPM 9/2018-
Funding information 5/2019 were reviewed for sex, age, height, weight, BP medication, ABPM results, and
None. left ventricular mass index (LVMI). American Heart Association 2005 (AHA 2005),
AHA 2017 (AHA 2017), and European Society of Hypertension 2018 (ESH 2018)
guidelines for adult ABPM were compared with 2014 AHA pediatric norms (pABPM).
HTN was defined by each guideline using only ABPM. ABPM and clinic BP were used
to classify white coat hypertension (WCH) and masked hypertension (MH). LVH was
defined as LVMI > 51 g/m?”. 272 patients had adequate ABPM. 124 patients also had
echocardiogram. All adult norms resulted in significant reclassification of HTN. LVMI
correlated significantly with systolic BP only. The odds of a patient with HTN having
LVH was significant using AHA 2005 (OR: 8.75 [2.1, 36.4], p = .03) and ESH 2018 (OR:
4941, 24.3], p = .002). Significant reclassification of HTN occurs with all adult norms.
HTN is significantly associated with LVH using AHA 2005 and ESH 2018. Applying
pediatric norms for ABPM while using adult norms for clinic BP causes confusion.
Guideline selection should balance misdiagnosis with over-diagnosis.
1 | INTRODUCTION guidelines for diagnosis and management. Blood pressure norms
in pediatrics are derived from population data for both clinic and
The prevalence of hypertension (HTN) in children and adolescents ambulatory blood pressures as opposed to adult norms which are
has been on the rise in the last decade.! This increased preva- based on outcome data. Because the pediatric definition is based
lence of HTN has highlighted the need for further research and on age, sex, and height derived from population data, norms for
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older adolescents often exceed the normal threshold for adults.
In 2017, the American Academy of Pediatrics (AAP) updated
the recommendations published in the Fourth Report on the
Diagnosis, Evaluation, and Treatment of High Blood Pressure in
Children and Adolescents (Fourth Report)? and published Clinical
Practice Guidelines (2017 CPG).2 One of the primary changes from
the Fourth Report was the 2017 CPG recommending the use of
adult norms for all children 13 years and older for the diagnosis
of HTN by clinic measurement, rather than their 95th percentile
for age, sex, and height. Blood pressure (BP) < 120/80 mm Hg is
normal, 120-129/80 mm Hg is elevated BP (previously pre-hy-
pertension), 130-139/80-89 mm Hg is stage | hypertension, and
2140/90 mm Hg is stage Il hypertension.

Several studies have compared the prevalence of HTN using
the Fourth Report vs. the 2017 CPG definitions for clinic BP. In a
large, school-based study by Bell et al, the prevalence of elevated
BP increased by 1.5%. The prevalence of confirmed stage 1 HTN
decreased by 1.7% overall but was dependent on the age of the pa-
tient. This resulted in more young children with elevated BP (vs. nor-
mal BP) and more adolescents with elevated BP (vs. HTN).# In a large,
international study, Yang et al found the prevalence of elevated BP
decreased (14.9% vs. 8.6%), while the prevalence of HTN increased
(16% vs. 7%) when using the 2017 CPG compared with the Fourth
Report. Boys, adolescents, and overweight/obese individuals were
more likely to be reclassified upward.® The results were similar in a
study among Chinese children by Luo et al® Antolini et al reported a
12% increase in the prevalence of elevated BP or HTN (BP = 90th)
when using the 2017 CPG. The use of the 2017 CPG led to reclassi-
fication in 30% of those 213 years old (15% reclassified upward and
15% reclassified downward).”

Additionally, studies have evaluated the association of end-or-
gan damage in hypertensive patients defined by the Fourth
Report, but there are limited data assessing how the association
changes when defining HTN by the 2017 CPG clinic BP measure-
ments.® Children reclassified upward with 2017 CPG (vs. Fourth
Report) were 2.18 (1.23-3.88) more likely to have left ventricu-
lar hypertrophy (LVH) in adulthood.” Antolini et al found similar
results in the association of LVH with HTN for both the Fourth
Report (OR: 1.95 [1.4-2.72], p < .0001) and 2017 CPG (OR: 2.08
[1.49-2.9], p < .0001).

The 2017 CPG also recommend the use of ambulatory blood
pressure monitor (ABPM) for the diagnosis of HTN. The guide-
lines for defining HTN based on clinic BP measurements now align
with adult parameters for children and adolescents 13 years and
older. However, when defining HTN based on ABPM, the pedi-
atric guidelines (PABPM 2014) continue to recommend using sex
and age- or height-based thresholds regardless of age, height,
or threshold.’® Using these thresholds, the definition of HTN in
some children and adolescents is higher than the thresholds for
adult guidelines. The age/height at which this occurs differs de-
pending on the adult guideline used, but tends to occur in older,
taller males. In the past 5 years, there have been three different
guidelines available for adults. The American Heart Association

Guidelines from 2017 (AHA 2017) for HTN in adults®! changed the
threshold for defining HTN by ABPM from their previous 2005
guidelines (AHA 2005).22 The European Society of Hypertension
2018 (ESH 2018) guidelines use yet a different threshold for de-
fining HTN.2®

While reclassification of clinic BP has been evaluated using the
new adult thresholds, there is scarce literature on the application of
adult ABPM guidelines to define HTN in adolescents 13 years and
older who exceed height- or age-based threshold. Whether reclas-
sification of HTN in adolescents based on AHA 2005, AHA 2017, or
ESH 2018 norms changes the association with target organ damage
as assessed by LVH is not known. We sought to evaluate the reclas-
sification of HTN by ABPM alone and in combination with clinic BP
in adolescents 13 years and older based on AHA and ESH guidelines.
Furthermore, we investigated the association of LVH with HTN de-
fined by all four ABPM guidelines.

2 | METHODS

2.1 | Study participants

This was a retrospective study of all patients 13-17 years old who
wore an ABPM between 9/2018 and 5/2019 in the Renal, Cardiology,
and Multi-Disciplinary Hypertension Clinics at a large pediatric hos-
pital-based outpatient center. All patients with complete ABPM data
were included for the analysis of blood pressure classification (HTN
vs. no-HTN) based on ABPM alone and the classification of white
coat HTN (WCH) vs. no-WCH and masked HTN (MH) vs. no-MH
using ABPM and clinic BP. Patients who completed an echocardio-
gram were also included in an analysis of the association between
HTN and LVH (Figure 1). Demographic data were collected from the
electronic medical record (EMR) and included age, height, weight,
sex, and race/ethnicity. Body mass index (BMI) was calculated. The
study was approved by the institutional review board of Baylor
College of Medicine.

2.2 | Study procedures

2.2.1 | Blood pressure

Space Lab 90 217 and Space Lab 90 227 monitors were used.
ABPMs were placed per clinic protocol, using the proper size cuff on
the non-dominant arm. Measurements were obtained every 20 min
from 6:00 a.m. to 10:00 p.m. and every 30 min from 10:00 p.m. to
6:00 a.m. Wake and sleep times were defined by patient report, if
provided. Otherwise, default sleep times (10:00 p.m.-6:00 a.m.)
were utilized for analysis.

Clinic BP and use of antihypertensive medication at the time of
ABPM placement were obtained from the EMR. Clinic BP was mea-
sured by oscillometric monitors and in some patients by ausculta-
tion. When three or more BP measurements were documented, the
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n=281
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n=272

(189 males, 83 females)

Excluded 148 without
echo

Analyzed for LVH

n=124

FIGURE 1 Flow diagram of patient selection

average of the last two measurements was collected. If only two
measurements were documented, the second measurement was
collected, and a single BP measurement was used if it was the only
reading documented. Auscultatory measurements were collected
preferentially if available. Some readings were taken in the vital
sign station upon arrival, and others were repeated later in the visit.
Clinic HTN was defined as BP = 130/80 mm Hg.

ABPM data were collected from the Sentinel software database
and included systolic and diastolic BP mean and load for 24-h, wake,
and sleep periods. Adult norms for the definition of HTN based on
the AHA 2005, AHA 2017, and ESH 2018 ABPM guidelines were ap-
plied to determine BP classification (HTN vs. no-HTN). The thresh-
olds used by AHA 2005 are 135/85 mm Hg for 24 h, 140/90 mm Hg
for daytime, and 125/75 mm Hg for nighttime. AHA 2017 uses
125/75 mm Hg, 130/80 mm Hg, and 110/65 mm Hg, respec-
tively, and ESH 2018 utilizes 130/80 mm Hg, 135/85 mm Hg, and
120/70 mm Hg, respectively. HTN using adult norms was defined as
a systolic or diastolic 24-h, wake, or sleep BP mean greater than or
equal to the respective adult threshold.

The classification of BP status by adult norms was compared
with the classification by the pABPM 2014 norms. HTN was de-
fined by pABPM 2014 as systolic or diastolic 24-h, wake, or sleep BP
mean 2 95th percentile for age and sex, and load 225%. Normative
data for 95th percentile by sex and age were used for derivation of
Z scores. ™

WCH and MH were defined by combining clinic BP with ABPM
data according to each of the guidelines (AHA 2005, AHA 2017, and
ESH 2018).

TABLE 1 Demographics (N =272)

Variables N (%)
Sex
Females 83 (31)
Males 189 (69)
Race
Asian 16 (5.8)
African American 49 (18)
Caucasian 186 (68.4)
Other 1(0.4)
Unknown 20 (7.4)
Ethnicity
Non-Hispanic 113 (41.5)
Hispanic 140 (51.5)
Unknown 19 (7)
Mean
value £ SD
(range)
Age (years) 15.7 + 1.37
(13.03-
17.99)
BMI (kg/m?) 30.5+8.92
(12.97-
68.33)
222 | LVH

Left ventricular mass index (LVMI) measurements were obtained
from echocardiogram reports in the EMR. LVH was defined accord-
ing to the 2017 CPG as LVMI > 51 g/m?73,

2.3 | Statistical analysis

Statistical analysis was performed with Stata® software (version
15 Stata Corp, College Station, TX). Continuous variables are ex-
pressed as mean + standard deviation. Frequencies are presented
as percentages. Misclassification between pediatric norms and
adult norms with regard to both classifications of ABPM HTN and
for WCH and MH was done by McNemar's test. The associations
between LVH and HTN by pediatric and adult norms were assessed
with logistical regression and controlled for age, sex, ethnicity, and

BMI. p value < .05 was considered significant.

3 | RESULTS

A total of 272 patients (189 males and 83 females) were included
in the analysis for reclassification of HTN. Of those, 124 patients
also had LVMI data and were analysed for LVH. The mean age was
15.7 years (SD: 1.37). Other demographic data are displayed in
Table 1. In the table, the population is primarily Caucasian, but the



ﬂWl LEY

CAMPBELL ET AL.

table does not differentiate from Hispanic and non-Hispanic whites.
With this differentiation, 49% of the population is Hispanic; 19%,
non-Hispanic white; and 18%, black. The ethnic/racial breakdown
is reflective of the demographics for the city where the hospital is
located. Majority of patients were either obese (122 patients, 45%)
or overweight (78 patients, 29%).

The prevalence of HTN, WCH, and MH differed by guideline uti-
lized (Figure 2). AHA 2017 revealed the highest percentage of HTN
and the least percentage of WCH, while AHA 2005 identified the
most patients with WCH and the least HTN patients.

3.1 | Reclassification of hypertension
All adult norms resulted in significant differences in the reclassifica-
tion of HTN based on ABPM alone. As expected, the adult norms
with the highest thresholds (AHA 2005) reclassified more patients
from HTN to no-HTN, while the adult norms with the lowest thresh-
olds (AHA 2017) reclassified more patients from no-HTN to HTN
(Table 2). The patients reclassified from HTN to no-HTN were
younger (median age: 14.7-15.5 vs. 15.9-16.9) and more likely to be
females.

A significant number of patients were also reclassified from
no-HTN to HTN (16%) using the AHA 2017 guidelines. These were
nearly all tall (median height 172 vs. 168 cm) males.

3.2 | Reclassification of white coat and masked
hypertension

A similar pattern was observed with WCH vs. no-WCH and MH vs.
no-MH as well. The adult norms with the highest thresholds (AHA
2005) were associated with an increased percentage of patients
reclassified from no-WCH (a.k.a. HTN) to WCH compared with the
other thresholds. While the adult norms with the lowest thresholds

(AHA, 2017) were associated with an increased percentage of pa-
tients reclassified from WCH to no-WCH (a.k.a. HTN) (Table 2).

The adult norms with the highest thresholds (AHA 2005) were
associated with an increased percentage of patients reclassified
from MH to no-MH (a.k.a normotensive) compared with the other
thresholds. Alternatively, the adult norms with the lowest thresh-
olds (AHA, 2017) were associated with an increased percentage of
patients reclassified from no-MH to MH (Table 2). Only a small per-
centage of patients were reclassified from MH to no-MH or no-MH
to MH when comparing the pediatric norms to any of the adult

norms.

3.3 | Leftventricular hypertrophy

LVMI correlated significantly with systolic BP (24 h, awake, asleep
mean, and load) but not diastolic BP, independent of sex (Figure 3).
The odds of a patient with HTN having LVH was significant only
when defined by AHA 2005 and ESH 2018 norms (OR: 8.75 [2.1,
36.4],p=.03,and OR:4.94[1, 24.3], p = .002, respectively) (Figure 4).

This correlation was independent of age, sex, ethnicity, or BMI.

4 | DISCUSSION

We evaluated the reclassification of HTN defined by ABPM alone
and by the combination of clinic BP and ABPM to further clas-
sify WCH and MH when applying 3 different adult ABPM norms
compared with pediatric norms in patients 13 years and older. The
AHA 2005 guidelines use the highest thresholds, and the AHA
2017 guidelines utilize the lowest thresholds. Additionally, we
assessed the association between LVH and HTN when applying
the various norms. This association with various ABPM norms has
not previously been reported in the literature. Clinically, applying
pediatric norms for ABPM while using adult norms for clinic BP
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FIGURE 2 Prevalence of HTN by guideline
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TABLE 2 Reclassification of HTN, WCH, and MH by adult norms

AHA 2005 ESH 2018 AHA 2017
No-HTN HTN No-HTN HTN No-HTN HTN
pABPM 2014 No-HTN 44.9% 0.7% 43.4% 2.2% 30.1% 15.5%
HTN 36.4% 18.0% 20.9% 33.5% 8.1% 46.3%
p by 2 <0.001 <0.001 <0.001
No-WCH  WCH No-WCH  WCH No-WCH  WCH
No-WCH 50.7% 25.0% 63.2% 12.5% 70.9% 4.8%
WCH 0% 24.3% 1.1% 23.2% 8.1% 16.2%
p by 2 <0.001 <0.001 <0.001
No-MH MH No-MH MH No-MH MH
No-MH 97.8% 0% 97.8% 0% 96.7% 1.1%
MH 1.8% 0.4% 1.1% 1.1% 0.4% 1.8%
p by 2 <.05 <0.001 <0.001
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FIGURE 3 Correlation of LVMI and ABPM z-score by sex

leads to confusion and raises the question of similarly applying
adult norms for ABPM in children 13 years and older. Of note, the
2016 ESH guidelines for the management of BP in children recom-
mend the use of 95th percentile unless it exceeds the accepted
adult thresholds.*

We found significant misclassification or rather reclassifica-
tion (since pediatric standards are not necessarily evidence-based)

regardless of which adult norms were applied. This is similar to

previous studies'¢?’

wherein applying different norms resulted in
significant reclassification. Perhaps the most clinically significant re-
classification is of those patients reclassified from no-HTN to HTN
as these are the patients who are missed when using the current
pediatric norms. The AHA 2017 norms identified the largest propor-

tion of those patients when compared to AHA 2005 or ESH 2018.
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FIGURE 4 B-coefficient plot of LVH association with HTN

However, this could also lead to over-diagnosis without evidence to
support the need for this reclassification.

A similar pattern was observed with WCH vs. no-WCH and
MH vs. no-MH. In this case, those patients reclassified from WCH
to no-WCH (a.k.a HTN) are the biggest clinical concern. The AHA
2017 guidelines had the highest percentage of these patients.
Alternatively, the largest proportion of reclassification overall oc-
curred from no-WCH to WCH when the 2005 AHA guidelines were
applied. The same pattern was seen for MH. The overall reclassifica-
tion with all adult norms was significant, but the changes in propor-
tions were smaller for MH. Again, the AHA 2017 norms resulted in
the largest proportion of change from no-MH to MH, while the AHA
2005 norms had the largest change in proportion from MH to no-
MH. All scenarios exemplify the need for careful balance in clinical
practice between misdiagnosis and over-diagnosis.

Previous studies have evaluated the impact of reclassification of
clinic BP when applying various normative data to a pediatric popula-
tion,>® but few have evaluated the impact on ABPM classification.'¢*”
Two previous studies evaluated the impact of ABPM reclassification
using pediatric norms and ESH norms. Sharma et al only included 24-h
mean and load to diagnose HTN comparing the use of pABPM 2014
norms and pediatric ESH norms of 95th percentile or >130/80 mm Hg
(adult threshold) when the 95th percentile exceeds 130/80 mm Hg.Y”
They found the age where participants required the adult threshold
were 13 years. When using AAP CPG to define clinic BP in patients
13 years and older, only 81% of the cohort was classified the same
using the two different ABPM guidelines. Unlike our study, there was
no difference in the classification of WCH between the two refer-
ence guidelines in patients 13 years or older. However, there were 5%
more participants identified with MH when applying the ESH norms.
Although the number of participants for this study was similar to ours,
the percentage of participants 13 years and older was only 91 (57%),
and of those, only 25 required the use of adult thresholds. This smaller
sample size and limited application of the adult thresholds likely ac-
counts for the differences in results.

A similar study by Lurbe et al compared changes in BP classifica-
tion using AAP/AHA standards vs. ESH standards: AAP CPG 2017

vs. ESH norms for clinic BP and AHA vs. ESH ABPM guidelines for
ABPM norms.'® Again, both guidelines use 95th percentile to de-
fine ambulatory HTN, but ESH 2016 guidelines use 135/85 mm Hg
when the 95th percentile exceeds 135/85 mm Hg. They also found
a significant difference in the prevalence of WCH and MH, but no
significant difference in the classification of sustained hypertension or
normotension. The AAP/AHA guidelines classified a higher percentage
with WCH than the ESH guidelines, and the ESH guidelines classified
more participants with MH but with less difference in the classifica-
tion of MH. Masked HTN is prevalent in children with CKD,'® and one
study evaluating a CKD adolescent cohort found a similar pattern to
our study for reclassification of HTN by ABPM alone when compar-
ing the pABPM 2014 guidelines to AHA 2005 and AHA 2017 normes.
The AHA 2017 norms classified the highest percentage with HTN
(44%), followed by pABPM 2014 (27%), and AHA 2005 (16%) [Lee,
J.T et al Discordances Between Pediatric and Adult Thresholds in the
Diagnosis of Ambulatory Hypertension in Adolescents with CKD. ASN
Kidney Week; November 7-10, 2019, Washington DC].

In an effort to address the balance between over-diagnosis and
misdiagnosis, we evaluated LVH and found LVH was significantly
associated with HTN when defined by AHA 2005 and ESH 2018
norms. Patients with HTN defined by the AHA 2005 norms had the
highest odds of having LVH. Similarly in the adolescent CKD cohort
study, when comparing HTN defined by pABPM, AHA 2005, and
AHA 2017 norms, the AHA 2005 norms had the highest specificity
for LVH though the lowest sensitivity [Lee, J.T et al Discordances
Between Pediatric and Adult Thresholds in the Diagnosis of
Ambulatory Hypertension in Adolescents with CKD. ASN Kidney
Week; November 7-10, 2019, Washington DC]. Our study is in
agreement with the above study, but potentially more general-
izable since we had very few secondary causes of HTN. Both the
AHA 2005 and ESH 2018 guidelines provide ABPM norm thresholds
higher than the AHA 2017 guidelines (AHA 2005 having the highest)
which would suggest less over-diagnosis, but one could argue that
the presence of LVH at the time of diagnosis is a late diagnosis.

To our knowledge, this is the first study assessing the association
between LVH with HTN as defined by various ABPM norms com-
bined with clinic BP in a general pediatric population. Using pediatric
norms (pPABPM 2014) as the reference standard, we not only demon-
strate significant reclassification with all three adult thresholds, but
we identified which norms resulted in an association between LVH
and HTN. However, the retrospective nature and sample size of our
study are a limitation. Ideally, larger and potentially prospective
studies are needed to provide true evidence-based normative data.

Though both ESH 2018 adult norms and AHA 2005 adult norms
had significant association with LVH, the argument could be made
for using the AHA 2017 norms to potentially diagnose HTN before
the development of LVH. In summary, similar to the use of adult
norms for clinic BP in children 13 years and older, adult ABPM norms
for the same population would be ideal. However, careful consider-
ation has to be given for using the most appropriate guidelines, since
reclassification would occur with regard to HTN and association of
LVH in each of these adult ABPM norms.
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