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Comparison of Pediatric and Adult Ambulatory Blood Pressure Monitoring
Criteria for the Diagnosis of Hypertension and Detection of Left Ventricular

Hypertrophy in Adolescents
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Objective To compare pediatric ambulatory blood pressure monitoring (ABPM) criteria with adult ABPM criteria
for the diagnosis of hypertension and detection of left ventricular hypertrophy (LVH) in adolescents.
Study design ABPM and echocardiography reports from adolescents age 13-21 years from 2015 to 2019 were
analyzed. The concordance of hypertension based on pediatric criteria (American Heart Association 2014) was
compared with adult criteria from American College of Cardiology/American Heart Association 2017 (overall
BP ³125/75 mmHg, wake BP ³130/80 mmHg, sleep BP ³110/65 mmHg) using the Cohen kappa statistic. Logistic
regression, adjusted for body mass index z score, and receiver operating characteristic curves (ROCs) compared
pediatric criteria vs adult criteria in predicting LVH (left ventricular mass index >95th percentile reference values and
left ventricular mass index >51 g/m2.7).
Results Of 306 adolescents, 140 (45.8%) had hypertension based on pediatric criteria vs 228 (74.5%) based on
adult criteria; the agreement was poor (59.3%, n = 137, kappa = 0.41). A higher prevalence of LVH was captured by
adult criteria only (n = 91) compared with pediatric criteria only (n = 3). Logistic regression found no significant dif-
ferences between pediatric and adult criteria in the detection of LVH >95th percentile (OR 1.24, CI 0.66, 2.31,
P = .51) or >51 g/m2.7 (OR 1.06, CI 0.47, 2.40, P = .89). ROCs for pediatric criteria were not significant for detecting
LVH >95th percentile (0.50, P = .91) or >51 g/m2.7 (0.55, P = .45), whereas the ROC for adult criteria was significant
for detecting LVH >95th percentile (0.59, P = .045) but not >51 g/m2.7 (0.63, P = .07). Although all individuals with
LVH >51 g/m2.7 were hypertensive by adult criteria, 8 of these individuals were missed by pediatric criteria.
Conclusions Adult criteria captured a higher prevalence of LVH and appeared to predict better LVH than pedi-
atric criteria. A consideration to align ABPMcriteria for diagnosing hypertension in adolescents with adult guidelines
is warranted. (J Pediatr 2021;230:161-6).

A
mbulatory blood pressure monitoring (ABPM) has been proposed as a more accurate metric of whether a child’s office
blood pressure (BP) warrants further evaluation.1

The American College of Cardiology (ACC) and American Heart Association (AHA) 2017 clinical practice guidelines
redefined hypertension in adults as office systolic BP (SBP) ³130 mm Hg or diastolic BP (DBP) ³80 mm Hg averaged on 2 or
more readings on 2 or more separate occasions.2 In the pediatric population, the threshold values for office BPmeasurements in
adolescents ³13 years were updated in 2017 to align with adult guidelines to better identify children at risk for hypertension and
negative cardiovascular outcomes.3

The United States Preventive Services Task Force recommends utilization of ABPM as a reference standard in the diagnosis of
hypertension in adults.4 Similarly, the ACC and AHA 2017 guidelines recommend the use of daytime ABPM or home BPmoni-
toring to confirm the diagnosis of adult hypertension. ABPM measurements above the thresholds for overall BP ³125/75 mm
Hg, wake BP ³130/80 mm Hg, and sleep BP ³110/65 mm Hg (comparable with clinic BP measurement ³130/80 mm Hg) are
associated with increased morbidity and mortality.5 In comparison, because of a lack of outcome data in children, the most
widely accepted pediatric ABPM values are derived from a population of 1141 healthy white Central European children first
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published in 1997.6 In 2002, these normative values were
smoothed for age and height by the modified lambda-mu-
sigma method, resulting in the normative values most widely
used today.7

There are some discrepancies in the threshold cut-offs
when comparing the most recent adult and pediatric
ABPM guidelines for the diagnosis of hypertension. For
example, whereas the adult guidelines utilize a mean wake
SBP ³130 mm Hg or mean wake DBP ³80 mm Hg, the cur-
rent pediatric threshold of >95th percentile for mean wake
SBP is higher than the adult threshold for boys 160 cm and
taller (132.3-143 mm Hg) and the mean wake DBP is higher
than the adult threshold for boys and girls 120 cm and taller
(81.2-84.1 mm Hg). Likewise, the adult guidelines utilize a
mean sleep SBP value of ³110 mm Hg, but pediatric
threshold of >95th percentile is higher for boys and girls
135 cm and taller (111.3-123 mmHg). There are no pediatric
ABPM reference data for children under 120 cm in height.
Pediatric ABPM guidelines currently utilize BP loads (per-
centage of BP readings that exceed the 95th percentile
threshold) in defining hypertension, whereas the most recent
adult guidelines do not as they have not been found to add
additional prognostic information beyond SBP and DBP.8

In interpreting pediatric ABPM data, BP loads >25% are
considered elevated and are associated with left ventricular
hypertrophy (LVH) (especially SBP loads), which is associ-
ated with increased cardiovascular morbidity and mortality.9

The purpose of this study was to compare pediatric vs
adult ABPM criteria for the diagnosis of hypertension in ad-
olescents. We also sought to determine which criteria had
stronger predictive ability to identify individuals who are hy-
pertensive with LVH on echocardiography.

Methods

Adolescents 13-21 years of age from a single center in New
York (Cohen Children’s Medical Center of Northwell
Health) who had an ABPM performed between 2015 and
2019 were included in this retrospective study. A total of
414 ABPM studies were performed in this population during
this time period. ABPM data were only included if the report
had at least 40 total BP readings, at least 1 BP measurement
each hour, and at least 65% of BP readings were successful.10

Of the 414 ABPM results collected, 306 met these inclusion
criteria. No exclusion was performed based on previous diag-
nosis of hypertension, severity of hypertension, chronic kid-
ney disease status, transplant status, or indication for ABPM
(screening vs monitoring). The study was approved by the
Institutional Review Board of Northwell Health.

Participant demographic information (age, sex, height,
weight) was obtained from the electronic medical record.
Body mass index (BMI) was calculated by height and weight
and converted to z-scores.

Spacelabs ABPM devices (model 90217A; Spacelabs
Healthcare) were utilized in this study. Participants were in-
structed to wear the monitor on their nondominant arm for
162
24 hours, including overnight. Nighttime readings were
determined by self-reported sleep and wake times. ABPM
data were analyzed via Spacelabs software.
ABPM reports of each participant were interpreted by 2

sets of criteria. Pediatric ABPM hypertension criteria were
based on the 2014 AHA guidelines, utilizing normative
reference data from Wuhl et al.7 The diagnosis of hyperten-
sion was made by mean ambulatory overall, wake, or sleep
SBP or DBP >95th percentile with a concurrent SBP or
DBP load ³25%.10 Adult ABPM hypertension criteria were
derived from the most recent adult hypertension guidelines
from the ACC and AHA. These guidelines diagnose hyper-
tension if any of the following criteria are met by ABPM:
overall mean SBP ³125 mm Hg, overall mean DBP
³75 mm Hg, mean wake SBP ³130 mm Hg, mean wake
DBP ³80 mm Hg, mean sleep SBP ³110 mm Hg, or mean
sleep DBP ³65 mmHg.2 It is important to note that because
these 2 criteria are not mutually exclusive, individuals can
be diagnosed by pediatric criteria only, adult criteria only,
or both.
Echocardiography reports were obtained from the medical

record. Studies were performed by technicians according to
the most recent American Society of Echocardiology guide-
lines and studies were interpreted by one of the pediatric car-
diologists at the study institution.11 Left ventricularmass index
(LVMI) was calculated for each echocardiogram utilizing M-
mode measurements for interventricular septum, left ventric-
ular internal diameter, and left ventricular posterior wall and
the Devereux formula for left ventricular mass indexed to
height2.7.12,13 Only echocardiography studies performed
within 6 months of the date the ABPM was performed were
included. Of the 306 adolescents with ABPM data, echocardi-
ography data were available for 161 adolescents (52.6%). LVH
was defined as LVMI >95th percentile for age and sex by refer-
ence values14 as well as LVMI >51 g/m2.7.15

Demographic and clinical characteristics were expressed as
means with SDs and as proportions. The prevalence of hyper-
tension based upon pediatric or adult criteria was expressed
as proportions. Concordance of the 2 diagnostic criteria was
evaluated utilizing the Cohen kappa coefficient statistic.
Receiver operating characteristic curves (ROCs) with area

under the ROC were utilized in comparing individuals who
were hypertensive by pediatric vs adult criteria in detecting
the presence of LVH. Logistic and linear regressions, adjusted
for BMI z score, were utilized to determine if significant dif-
ferences existed in diagnosing LVH and LVMI, respectively,
between adolescents who met hypertension based on pediat-
ric criteria vs adult criteria. Two-sided P value of £.05 was
considered statistically significant for all analyses. SPSS v25
(IBM Inc) and STATA 16 (StataCorp LLC) statistical pack-
ages were used.

Results

A total of 306 adolescents met eligibility criteria with
acceptable ABPM data available. When comparing the
Merchant et al



Table I. Demographic information

Variables

Total Diagnostic ABPM criteria

P value

n = 306
Mean (SD)
or n (%)

Pediatric
criteria
n = 140
(45.8%)

Adult
criteria
n = 228
(74.5%)

Age 15.92 (1.86) 16.06 (1.93) 15.90 (1.86) .45
Male 225 (75%) 86 (61%) 165 (72%) .03
BMI 26.38 (6.45) 25.95 (7.11) 26.25 (6.48) .67
BMI z score 1.07 (1.16) 0.90 (1.16) 1.05 (1.09) .22
mSBP 123.05 (10.00) 128.86 (9.63) 126.39 (8.81) .01
mDBP 69.68 (8.22) 73.92 (8.90) 71.29 (8.54) .01
mSBP load 28.40 (25.42) 46.34 (25.69) 35.14 (25.44) <.001
mDBP load 22.61 (21.65) 34.78 (24.92) 26.88 (22.90) .002
wSBP 126.03 (10.56) 131.06 (10.54) 129.00 (9.70) .06
wDBP 72.35 (8.94) 76.05 (9.95) 73.73 (9.35) .03
wSBP load 25.66 (26.59) 41.60 (29.41) 31.01 (27.69) <.001
wDBP load 21.77 (23.00) 32.85 (27.22) 25.61 (24.48) .01
sSBP 114.65 (16.44) 123.98 (10.97) 120.14 (10.18) <.001
sDBP 62.18 (10.93) 68.59 (9.34) 65.00 (9.06) <.001
sSBP load 38.18 (33.46) 63.91 (30.27) 48.58 (31.85) .01
sDBP load 33.77 (28.73) 51.78 (30.73) 40.03 (29.73) <.001

mDBP, mean DBP; mSBP, mean SBP; sDBP, mean sleep DBP; sSBP, mean sleep SBP; sDBP,
mean sleep DBP; wDBP, mean wake DBP; wSBP, mean wake SBP.

Table III. Echocardiography information

Total Diagnostic ABPM criteria

P value

Mean (SD)
or n (%)
n = 161

Pediatric
criteria
n = 78

Adult
criteria
n = 124

LVMI 39.27 (10.49) 39.99 (11.88) 40.61 (11.25) .71
LVMI >95th percentile 71 (44.10) 34 (43.59) 62 (50.00) .37
LVMI >51 g/m2.7 19 (11.80) 11 (14.10) 19 (15.32) .81

Table II. LVH by hypertension criteria

Hypertension

LVMI >95th
percentile
(n = LVH/

echocardiography*)

LVMI >51
g/m2.7

(n = LVH/
echocardiography*)

Pediatric
criteria†

140 (45.8%) 34/78 (43.6%) 11/78 (14.1%)

Adult criteria‡ 228 (74.5%) 62/124 (50.0%) 19/124 (15.3%)
Pediatric
criteria
and adult
criteria§

137 (44.8%) 34/76 (44.7%) 11/76 (14.5%)

Pediatric
criteria
only{

3 (1.0%) 0/2 (0%) 0/2 (0%)

Missed by
pediatric
criteria

- 37/83 (44.6%) 8/83 (9.6%)

Adult criteria
only**

91 (29.7%) 28/48 (58.3%) 8/48 (16.7%)

Missed by
adult
criteria

- 9/37 (24.3%) 0/37 (0%)

Pediatric
criteria
sensitivity

- 47.9% 57.9%

Pediatric
criteria
specificity

- 51.1% 52.8%

Adult criteria
sensitivity

- 87.3% 100%

Adult criteria
specificity

- 31.1% 26.1%

*Individuals with LVH divided by number of available echocardiography studies.
†Individuals diagnosed with hypertension based on pediatric hypertension guidelines, from
AHA 2014.
‡Individuals diagnosed with hypertension based on adult hypertension guidelines from ACC/
AHA 2017.
§Individuals diagnosed with hypertension by both criteria.
{Individuals diagnosed with hypertension by pediatric hypertension criteria but further elimi-
nating those diagnosed by both criteria.
**Individuals diagnosed with hypertension by adult hypertension criteria but further eliminating
those diagnosed by both criteria.
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demographics of those who had hypertension based on pedi-
atric vs adult criteria, there were no significant differences in
age, BMI, BMI z-score, or mean wake SBP (Table I).
However, all other variables, including sex, mean SBP,
mean DBP, and all load measurements were significantly
different between the 2 groups. Overall, 140 adolescents
(45.8%) had hypertension based on pediatric criteria
compared with 228 (74.5%) based on adult criteria. There
was 59.3% agreement (n = 137) in the diagnosis of
hypertension between pediatric criteria and adult criteria
(Cohen kappa coefficient = 0.41). Three participants
(1.0%) had hypertension by pediatric criteria only, and 91
participants (29.7%) had hypertension by adult criteria
only (Table II).
Table III shows the prevalence of LVH in our study,

stratified by diagnostic criteria. Of those with LVMI >95th
percentile, 34 (47.9%) met pediatric criteria while 62
(87.3%) met adult criteria (P = .37). Of those with LVMI
>51 g/m2.7, 11 (57.9%) met pediatric criteria and 19
(100%) met adult criteria (P = .81). There was no
significant difference in LVMI between individuals
diagnosed with hypertension by pediatric criteria vs adult
criteria (P = .71). The sensitivities of pediatric criteria and
adult criteria in detecting LVMI >95th percentile were
47.9% and 87.3%, respectively, whereas the specificities
were 51.1% and 31.1%, respectively. The sensitivities of
pediatric criteria and adult criteria in detecting LVMI
>51 g/m2.7 were 57.9% and 100%, respectively, whereas the
specificities were 52.8% and 26.1%, respectively (Table II).
Although adult criteria captured a greater proportion of
LVH when compared with pediatric criteria, 9 (5.6%)
adolescents who had LVH >95th percentile did not have
hypertension by either criteria. Five of these 9 individuals
were previously diagnosed with hypertension and were on
antihypertensive therapy at the time of ABPM and
echocardiography. The remaining 4 individuals had no
history of hypertension but had a BMI >95th percentile.
Only 3 (1.0%) adolescents had hypertension by pediatric
criteria only, and of these none with echocardiography
performed had LVMI >95th percentile or LVMI >51 g/m2.7.
In ROC analysis for detecting LVMI >95th percentile, the

area under ROC for adult criteria was 0.59 (P = .045)
compared with 0.50 (P = .91) for pediatric criteria. In detect-
ing LVMI >51 g/m2.7, the area under ROC was 0.63 (P = .07)
for adult criteria compared with 0.55 (P = .45) for pediatric
criteria (Figure). The difference in area under ROC
nitoring Criteria for the Diagnosis of Hypertension and 163



Figure. ROC analyses for detecting LVH >95th percentile were significant for adult criteria (0.59, P = .045) but not for pediatric
criteria (0.50, P = .91). ROC analyses for detecting LVH >51 g/m2.7 were not significant for adult criteria (0.63, P = .07) or pediatric
criteria (0.55, P = .45).

THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 230
between the 2 criteria was significant for LVMI >95th
percentile (P = .01) but not for LVMI >51 g/m2.7 (P = .21).

In logistic regression, there were no significant differences
between pediatric criteria and adult criteria in the detection
of LVH by LVMI >95th percentile in unadjusted (OR 1.3,
95% CI 0.68, 2.35, P = .46) or adjusted models (OR 1.24,
95%CI 0.61, 2.52, P= .55). There were also no significant dif-
ferences between pediatric criteria (ref) and adult criteria in
the detection of LVH by LVMI >51 g/m2.7 in unadjusted
(OR 1.1, 95% CI 0.47, 2.7, P = .78) or adjusted models
164
(OR 1.1, 95% CI 0.46, 2.66, P = .83). Similarly, unadjusted
(b 0.6, CI -2.74, 4.46, P = .64) and adjusted (b 0.41, 95%
CI -2.81, 3.63, P = .80) linear regressionmodels found no sig-
nificant difference between pediatric criteria (ref) and adult
criteria in LVMI values.

Discussion

The findings of the current study revealed a poor concor-
dance between pediatric criteria and adult criteria in the
Merchant et al
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diagnosis of hypertension, with a higher prevalence of adoles-
cents being diagnosed with hypertension by adult criteria.
Similarly, a higher prevalence of LVH (both LVMI >95th
percentile and >51 g/m2.7) was diagnosed with adult criteria.
This was an expected finding given that some of the pediatric
criteria threshold values for the diagnosis of hypertension are
higher than those used by adult criteria. In addition, the in-
clusion of load within pediatric criteria makes it more selec-
tive in the diagnosis of hypertension as compared with adult
criteria.

Ultimately, the goal of diagnosing pediatric hypertension
is to identify patients at risk for cardiovascular morbidity
and mortality. In 2017, the changes that lowered diagnostic
thresholds for diagnosis of hypertension in adults were insti-
tuted to detect those at risk of negative outcomes as early as
possible.16 The changes that aligned adolescent guidelines for
office BP measurements with adult absolute thresholds for
elevated BP and hypertension were also recommended based
on the predictive nature of these values for cardiovascular
outcomes in adulthood.17 This has become a particularly
important issue in the adolescent population, as obesity,
metabolic syndrome, dyslipidemia, and diabetes are
increasing; these risk factors further increase morbidity and
mortality with poorer outcomes as adults.18 Therefore, the
ideal pediatric hypertension criteria will detect the most at-
risk individuals.

The ROC area was significantly higher for adult criteria
compared with pediatric criteria for predicting LVMI
>95th percentile, though there was no difference between
the criteria for predicting LVMI >51 g/m2.7. This may suggest
adult criteria to be a better predictor of LVH than pediatric
criteria. However, it is important to note that the areas under
ROC were close to 0.5 for both pediatric criteria (0.50) and
adult criteria (0.59), bringing into question the strength of
their discriminatory ability regarding LVH. In addition, there
was no difference between pediatric criteria and adult criteria
in the detection of LVH by logistic or linear regression.
Although there were 9 individuals with LVMI >95th percen-
tile who did not meet either diagnostic criteria for hyperten-
sion, 5 had previously been diagnosed with hypertension and
were already on antihypertensive therapy at the time of the
ABPM. It is likely that although these individuals had well
controlled BPs on their current antihypertensive regimen,
their left ventricular changes had yet to improve. The other
4 individuals were not found to have hypertension but did
have a LVMI >95th percentile on initial echocardiography.
These individuals had echocardiography performed despite
not being found hypertensive by ABPM criteria because
they were referred to cardiology where echocardiography
was done prior to nephrology evaluation and ABPM being
performed. It is important to note that all 4 of these individ-
uals had a BMI >95th percentile, which is a risk factor for
LVH, though none had a LVMI >51 g/m2.7.

LVH is utilized in the pediatric population as a marker of
hypertensive end organ cardiac damage.19 ABPM is, there-
fore, used as a cost-effective diagnostic tool for differentiating
true elevated BP or hypertension from white coat
Comparison of Pediatric and Adult Ambulatory Blood Pressure Mo
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hypertension, and guides which patients should have further
evaluation, such as echocardiography.20 It is estimated that
10% to 15% of pediatric patients with hypertension have se-
vere LVH (LVMI >51 g/m2.7), although the true prevalence
in patients who do not meet hypertension criteria is un-
known. Severe LVH further increases the risk of negative out-
comes in these children when they reach adulthood, such as
myocardial infarction and stroke.21 Our findings suggest that
adult criteria is far more sensitive in detecting both LVMI
>95th percentile and LVMI >51 g/m2.7, whereas pediatric
criteria is more specific. Therefore, there is a lower false nega-
tive rate with adult criteria in detecting the presence of LVH.
The specificity and sensitivity of pediatric criteria in detecting
LVH are both poor.
In the current study, there were 8 individuals with LVMI

>51 g/m2.7 who were not diagnosed with hypertension by pe-
diatric criteria, which is an alarming number given the data
that exists associating severe LVH and poor outcomes.15 All
individuals with LVMI >51 g/m2.7 met hypertension criteria
by adult guidelines, further suggesting that it is a superior to
pediatric criteria. Considering that the primary goal of hyper-
tension criteria is to capture most, if not all, patients with risk
of end organ damage, missing patients who already have clin-
ically evident cardiac end organ dysfunction (LVH) is of
concern. Since 2017, routine echocardiography in pediatric
patients with hypertension is no longer recommended unless
pharmacologic intervention is being considered; therefore, it
is plausible that more individuals with LVH may be missed.3

Although the superiority of ABPM in predicting left ven-
tricular changes in adults is well documented,22-24 there are
conflicting data regarding the association between current
pediatric ABPM thresholds for the diagnosis of hypertension
and LVH. Some studies have suggested that ABPM systolic
pressures >95th percentile for age and sex were associated
with increased likelihood for abnormal LVMI.9,25 Others
similarly found that ABPM measures of wake SBP index,
wake DBP index, and sleep SBP load were significantly asso-
ciated with concentric hypertrophy in children with primary
hypertension.26 However, the results of the current study are
consistent with prior studies that found that the current pe-
diatric ABPM guidelines are not predictive of LVH in chil-
dren who are hypertensive.27,28

This ambiguity in the overall utility of the current ABPM
guidelines is further complicated by their origins. The
normative values that are used in the current pediatric
ABPM diagnostic criteria for hypertension were first
measured in 1997 from a homogenous population of Euro-
pean children, last updated in 2002. This brings into question
their overall generalizability and effectiveness in diagnosing
adolescents with hypertension in the US today.29 Despite
these drawbacks, ABPM has consistently been proven to be
superior to office BPmeasurements in the diagnosis of hyper-
tension and prediction of negative outcomes in adults, and is
increasingly being used in the newest adult hypertension
guidelines.2

There are limitations to this study. First, the study popula-
tion was heterogeneous in terms of indication for ABPM.
nitoring Criteria for the Diagnosis of Hypertension and 165
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Second, this is a single-center, retrospective study limited to
306 participants with ABPM data which could affect the
generalizability of these results. Finally, echocardiography
data within 6 months of the ABPM date were not available
on a number of participants (47.4%), which could have
affected the reliability of evaluating pediatric and adult
criteria.

The current pediatric ABPM criteria appear to be inferior
to the new adult ABPM criteria for the diagnosis of hyperten-
sion and LVH in our study population. Although adaptation
of the adult ABPM criteria in the adolescent population may
overcall the number of individuals with hypertension, those
with LVH who are at greater risk for negative outcomes as
adults are much more likely to be captured with these criteria
changes. Further studies are needed to confirm these find-
ings. A consideration to align the pediatric guidelines with
adult criteria is warranted. n
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