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Use of Automated Office Blood Pressure Measurement in the Evaluation of
Elevated Blood Pressures in Children and Adolescents

Coral D. Hanevold, MD', Anna V. Faino, MS?, and Joseph T. Flynn, MD, MS®

Objectives To determine the level of agreement between automated office blood pressures (AOBP), auscultated
or manual office BP (manual office blood pressure), and 24-hour ABPM, and to explore the ability of AOBP and
manual office blood pressure to correctly identify daytime ambulatory hypertension in children.

Study design We retrospectively compared BPs obtained by AOBP and manual office blood pressure to predict
daytime hypertension on ABPM. Six BPs were taken by AOBP followed by manual office blood pressure. Office
hypertension was defined by BPs >95th percentile for sex and height percentiles for those <13 years of age and
a BP of 2130/80 mm Hg for ages >13 years. Daytime ambulatory hypertension was diagnosed if mean wake BPs
were >95th percentile and BP loads were >25%. Application of adult ABPM thresholds for daytime hypertension
(130/80 mm Hg) was assessed in ages >13 years. Sensitivity and specificity were calculated considering ABPM
as the reference.

Results Complete data were available for 187 patient encounters. Overall, the best agreement was found if both
AOBP and manual office blood pressure showed hypertension, but owing to low sensitivity up to 49% of children
with hypertension would be misclassified. The use of adult thresholds for ABPM did not improve agreement.
Conclusions Neither AOBP nor manual office blood pressure confirm or exclude daytime ambulatory
hypertension with confidence. These results suggest an ongoing role for ABPM in evaluation of hypertension in
children. (J Pediatr 2020;227:204-11).

See editorial, p 10

ecent pediatric guidelines recommend that 24-hour ambulatory blood pressure monitoring (ABPM) should be

performed to confirm the diagnosis of hypertension in children and adolescents identified as hypertensive based on

clinic blood pressure (BP) measurements." ABPM can identify patients with white coat hypertension who do not
need extensive laboratory and imaging investigations, as well as those with high-risk BP patterns, such as masked
hypertension.” However, wearing a BP monitor for a prolonged period is not always convenient or well-tolerated, and these
monitors may not be readily available.”

Studies in adults suggest that a series of BP measurements by an automated oscillometric device without staff in attendance
approximates mean daytime ambulatory BP.°® It has been shown that the white coat effect is decreased by this approach
allowing for enhanced office assessment of BPs.® '’ This technique, called automated office BP (AOBP), is recommended by
Hypertension Canada and supported by the American Heart Association and the European Society of Hypertension for
obtaining office BP.''"” Recognizing that access to ABPM is variable, an alternative approach that can be conducted in the
office and potentially decrease the need for out-of-office assessment would be advantageous.'*'® However, whether AOBP
can actually substitute for ABPM remains unclear.'”'” A recent meta-analyses of adult studies showed variability in the
reliability of automated office devices in predicting ABPM results.'”

Few data have been published on the use of AOBP in children and no compar-
isons with ABPM have been reported.”’ The goal of this study was to determine
the level of agreement between AOBP, auscultated or manual office BP and 24-
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to correctly identify daytime ambulatory hypertension in
children and adolescents referred for evaluation of elevated
BP.

Records were reviewed for all patients <18 years of age seen
in the hypertension clinic located on the main campus of
Seattle Children’s Hospital who were evaluated with all 3
BP modalities—AOBP, manual office blood pressure, and
ABPM—between December 2016 and November 2018.
Those with incomplete data or inadequate AOBP or ABPM
data were excluded. Treatment with antihypertensive medi-
cations was not an exclusion criteria. Nine patients had 2
sets of complete data. Only 1 set of data was used for 1 patient
owing to poor tolerance of the initial ABPM procedure. None
of the repeat ABPMs were performed owing to inadequacy of
the initial study. The Seattle Children’s Institutional Review
Board approved retrospective data collection for this study.

BP Measurement Protocol

In December 2016, unattended AOBP readings using the
BpTRU device (BpTRU Medical Devices Ltd, Coguitlam,
British Columbia, Canada) were incorporated into our pro-
tocol for BP assessment in the hypertension clinic for chil-
dren >5 years of age. This device has been validated in
children.”” Per protocol, readings were obtained by the
BpTRU, followed by measurement of auscultatory BPs. Pa-
tients were brought to the examination room and posi-
tioned sitting with back supported and feet on the floor
and right arm supported at the level of the right atrium.
Cuff size was selected based on measurement of the mid-
arm circumference as detailed in the American Academy
of Pediatrics (AAP) Clinical Practice guidelines (CPG).'
The staff member then left the room after confirming the
first reading was successful. As programmed by the factory,
the BpTRU takes a series of 6 BPs; the first reading is dis-
carded, and the remaining readings were averaged. Patients
and their families were instructed to minimize talking,
avoid use of electronic devices, and remain seated. Owing
to the pediatric setting, those accompanying the patient
(such as parents and siblings) were allowed to remain in
the room. For patient comfort, the interval between infla-
tions was set at 2 minutes. Those with <3 successful read-
ings (after discard of first reading) were excluded.
Between December 2016 and April 2018, the study protocol
specified a 5-minute rest period before the AOBP device
was initiated. In May 2018, the protocol was modified to
eliminate the rest period; this revised protocol was used be-
tween May 2018 and November 2018.

At the completion of the AOBP series, 1-2 manual office
blood pressure readings were taken by the nephrology clinic
nurse or medical assistant using an aneroid sphygmoma-
nometer (WelchAllyn, Skaneateles Falls, New York). Staff
followed the technique for auscultatory measurements
outlined in the AAP CPG." manual office blood pressure
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were always taken after AOBP and staff were aware of
AOBP results.

ABPM is performed routinely in our hypertension clinic
for patients referred for evaluation of elevated BPs. Place-
ment of ABPM occurred on the same day as the office visit
or within 8 weeks of the visit. ABPM were occasionally placed
on a different day than AOBP measurements per physician or
patient request or availability of device at site of initial visit.
ABPM was obtained using either the Space Labs 90217 or
90227 with cuff selection based on the mid upper arm
circumference. Readings are obtained every 20 minutes while
awake and every 30 minutes while asleep. Sleep/wake times
were determined by patient diary or activity record. hyper-
tension definitions are reviewed in detail below. Adequacy
was determined by the reading provider according to the
criteria in the 2014 American Heart Association (AHA) pedi-
atric statement on interpretation of pediatric ABPM.” For the
purposes of this study only wake readings were considered
for the diagnosis of daytime hypertension. Thus, for this
study the decision for inclusion was based on adequacy for
the wake portion of the recording. Patients with inadequate
wake recordings were excluded.

Definitions of Hypertension

AOBP and manual office blood pressure hypertension was
defined according to the AAP CPG." As outlined in the
CPG, for adolescents =13 years, hypertension was defined
by average BP levels 2130/80 and 95th percentiles for height
and age were used for those <13 years of age.

ABPM daytime hypertension was defined by a mean wake
BP of 295 percentile and BP loads >25% based on the thresh-
olds provided in the AHA Scientific Statement on ABPM.”
Additionally, an alternative definition following the AHA
threshold for adults of 2130/80 mm Hg was assessed in pa-
tients >13 years of age as used for office readings.”'

Statistical Analyses

Measures of performance (sensitivity, specificity, and overall
agreement) were calculated based on considering manual
office blood pressure as the reference when comparing
manual office blood pressure to AOBP, and were calculated
based on considering the mean daytime BP as the reference
when comparing the ABPM with office blood pressure. Over-
all agreement was calculated as the percentage of total
comparisons that were either true positives or true negatives.
Sensitivity analyses were performed by age group (<13 years
vs 213 vyears), body mass index (BMI) Z-score category
(<2 vs 22), and for those undergoing office blood pressure
and ABPM on the same day. BMI z-score was automatically
calculated by Cerner EHR platform, Millennium. BMI
Z-score of 2 was chosen to identify more severely obese
children.

Between December 2016 and March 2018, differences
between AOBP means calculated based on readings 2-4 and
2-5 were compared with 2-6 (complete set). Eight children
were excluded from this analysis because they lacked a com-
plete set of readings. Pearson correlation coefficients were
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calculated when comparing different systolic and diastolic BP
measurements. Bland-Altman plots were also generated to
further demonstrate agreement between a complete set of
readings and sets with fewer readings. All analyses were
completed using R version 3.5.1 (The R Foundation, Vienna,
Austria).

Complete data were available for 187 patient encounters.
Eight patients had a complete set of data in each version of
the protocol (with or without a rest period). As shown in
Table I (available at www.jpeds.com), the mean age was
similar in the 2 groups. Almost three-quarters of the
patients were =13 years of age and the population was
primarily male. The majority of patients (69%) underwent
AOBP and ABPM on the same day with another 16%
completing the ABPM within 4 weeks of the office visit.
Table I shows the median time and range in days between
AOBP and ABPM. As noted in Table I, 12 unique patients
were evaluated in 13 patient encounters while on 21
antihypertensive medications. All children were seen for
evaluation or follow-up of elevated BPs except for 4
females with Turner syndrome referred to evaluate for
masked hypertension. Comparison of patients undergoing
the protocol with (120 encounters) and without (67
encounters) a rest period before AOBP showed no
significant  differences in demographic variables or
performance measures across office blood pressure and
ABPM,; thus, the combined results are presented.

Comparison of BP Readings by Technique

AOBP readings significantly differed from manual office
blood pressure readings as shown in Table II. The median
BP difference was greater for systolic vs diastolic pressures.
The median systolic BP was 4 mm Hg lower for AOBP
compared with manual office blood pressure. Differences
in median diastolic BP were modest. The correlation of
systolic BP was superior to that of diastolic BP. Similar
findings were noted when readings obtained with and
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without a rest period were compared (data not shown).
Median AOBP, manual office blood pressure, and ABPM
readings are shown in Table II. The daytime median
ABPM systolic BPs were significantly higher than AOBP
and manual office blood pressure. Diastolic differences
were not statistically significant. The correlation between
ABPM and AOBP systolic pressures was similar to the
correlation between ABPM and manual office blood
pressure.

Classification of Hypertension Based on Office
Blood Pressure vs ABPM
For the initial analysis, the ABPM findings were categorized
based on pediatric ABPM thresholds.” The performance
measures of the overall group are displayed in Table III.
The sensitivity was low for AOBP and manual office blood
pressure at 51% and 67%, respectively. AOBP
demonstrated better specificity, although the values were
still low at 71% for AOBP and 55% for manual office
blood pressure. The best overall agreement was seen if both
AOBP and manual office blood pressure showed
hypertension: the overall agreement was 65% for AOBP,
58% for manual office blood pressure, and 70% for both.
As shown in Table III, 17 of 51 children with hypertension
on ABPM had normal BPs by both techniques (false
negatives). Similarly, 30 out of 56 children with
hypertension by both AOBP and manual office blood
pressure (false positives) had normal mean ambulatory
BPs. These data are depicted in Figure 1, which
demonstrates that 32% of children with hypertension on
21 office technique demonstrated hypertension on ABPM.
Conversely, for those in whom both office techniques
showed normal BP, 65 of 82 (79%) demonstrated normal
ABPM,; similarly, 106 of 131 (81%) with normal BP on 1 or
both office techniques showed normal ABPM (Figure 2).
The effect of age on the agreement is addressed in Table IV
and Table V (available at www.jpeds.com). As shown, better
specificity was observed in those <13 years of age (Table IV),
as compared with those >13 years (Table V) for both office
techniques. The specificity when both AOBP and manual

4 N
Table II. Differences in systolic and diastolic BPs obtained with 3 techniques (n = 187)
Gomparisons of interest Difference, median [IQR] o BP values, median [IQR]
Comparison of AOBP and manual office blood pressure AOBP Manual office blood pressure
A Systolic AOBP - manual office blood pressure —4[-91o 0] 0.75 118 [111t0 127] 122 [114 10 133]
A Diastolic AOBP - manual office blood pressure 1 [-5to 9] 0.52 73 [68 to 80] 72 [64 1o 80]
Comparison of ABPM to AOBP and manual office ABPM AOBP or manual office blood pressure
blood pressure
A Systolic ABPM - AOBP 9[2t017]" 0.52 128 [120to 135] 118 [111 t0 127]
A Diastolic ABPM - AOBP 0[-7t05] 0.51 74 69 to 79] 73 [68 to 80]
A Systolic ABPM - manual office blood pressure 4[-2t0 12" 052 128 [120 to 135] 122 [114 t0 133]
A Diastolic ABPM - manual office blood pressure 2 [-7t0 10)° 0.38 74 [69 to 79] 72 [64 to 80]
\ v

*Pearson correlation coefficient.
1P < .001.

P < .01,

§P < .05.
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4 A
Table III. Comparison of Office hypertension and ABPM hypertension results for all participants*
Patients with hypertension on  Patients with no hypertension on
ABPM (n = 51) ABPM (n = 136) Performance measures
Normal Abnormal Normal Abnormal
office BP office BP office BP office BP Overall
Comparisons with ABPM (false negative) (true positive) (true negative) (false positive) Sensitivity ~Specificity agreement (%)
AOBP 25 (49) 26 (51) 96 (71) 40 (29) 0.51 0.71 65.2
manual office blood pressure 17 (33) 34 (67) 75 (55) 61 (45) 0.67 0.55 58.3
AOBP or manual office blood pressure’ 17 (33) 34 (67) 65 (48) 71 (52) 0.67 0.48 52.9
AOBP and manual office blood pressure* 25 (49) 26 (51) 106 (78) 30 (22) 0.51 0.78 70.6
\ J

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.?

*Hypertension prevalence based on elevation of daytime ABPM mean BP. All participants, hypertension prevalence of 27.3%.

tFor AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.

office blood pressure showed hypertension was 86%, for those
<13 years of age as compared with 74%, for the older group.
Although sensitivity was low, overall agreement was better
for younger vs older patients. The possible effect of severe
obesity was also considered by comparing the performance
values for those with a BMI z-score of <2 vs >2 (Table VI
and Table VII, respectively; available at www.jpeds.com).
AOBP showed better specificity though lower sensitivity in
those with a BMI Z-score of <2 compared with those with
BMI Z-score of >2. In contrast, better specificity and
sensitivity were demonstrated for manual office blood
pressure in patients in the higher vs lower BMI category.
However, for both subgroups, the best agreement (70%-
71%) was found if the office techniques were congruent in
detecting hypertension. Overall agreement did not differ if
only systolic BPs were used to determine classification as
hypertensive (data not shown).

ABPM was performed on a different day than the date for the
office BPs in 31% of patients owing to patient or physician

request or availability of the AOBP device. The subgroup with
same day ABPM were analyzed separately as shown in
Table VIII (available at www.jpeds.com). Agreement between
OBPs and ABPM was generally superior when this subgroup
was compared with the overall group (Table III). The
sensitivity, specificity, and overall agreement improved for
AOBP alone and in combination with manual office blood
pressure, whereas little change was observed for manual office
blood pressure, which showed the lowest agreement.

Effect of Using Adult Thresholds for ABPM on
Classification

Comparisons were also made using the AHA adult definition
of daytime hypertension (130/80 mm Hg), for categorization
of daytime hypertension in adolescents =13 years of age as
shown in Table IX (available at www.jpeds.com).”’ This
approach improved specificity, but decreased the sensitivity
for AOBP and manual office blood pressure as compared
with findings when pediatric ABPM thresholds were used,
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Figure 1. ABPM findings for patients with hypertension by AOBP, manual office blood pressure, and >1 or both techniques.
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Figure 2. ABPM findings for patients with normal BPs by AOBP, manual office blood pressure, or both techniques.

as shown in Table V and Table IX.” When comparing AOBP
with ABPM, overall agreement using the pediatric ABPM
thresholds was 63% vs 58% with the alternative strategy.
When comparing manual office blood pressure with
ABPM, overall agreement using the pediatric ABPM
guidelines was 58% but increased to 64% when the adult
cut-points were used. If both office techniques were
considered together, the overall agreement decreased from
67% to 60% when the adult cut-points were used.

Number of Required AOBP Readings

To determine the number of readings required for an accu-
rate assessment, the average BP obtained with the full set of
programmed readings on the automated device was
compared with the average of fewer readings in a subset of
patients. Individual readings were used to calculate the
average obtained with readings 2-4 and 2-5. As shown
in Figure 3 (available at www.jpeds.com), a review
of individual readings demonstrated excellent correlation
of the average of readings 2-6 (full set) with the average of
readings 2-4 and 2-5 with correlation coefficients of 0.98
and 0.99, respectively, for systolic and diastolic BP. As
shown in the Bland-Altman plots, the variance between the
average of a full set of readings and 3 readings (2-4) was
greater than observed with 4 readings for both systolic and
diastolic pressures (Figure 4; available at www.jpeds.com).

This study demonstrates that, although AOBP may aid in the
diagnosis of daytime ambulatory hypertension, the low
sensitivity of AOBP renders it less useful for diagnosis of
white coat hypertension in children and adolescents. Gener-
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ally, AOBP tended to be less sensitive and more specific than
manual office blood pressure in the detection of daytime
ambulatory hypertension. Our data show that AOBP
performed best in combination with manual office blood
pressure. Given a hypertension prevalence of 27%, if both
office techniques show hypertension, ABPM can be
anticipated to accurately confirm daytime hypertension
approximately 46% of the time. If normal BPs are docu-
mented on both AOBP and manual office blood pressure,
absence of daytime hypertension will likely be demonstrated
in approximately 79% of patients.

Our data also demonstrate that the collection of repetitive
BPs by an AOBP device is successful in most older children
and adolescents. In a subset of patients, we found no differ-
ence between the average of BP readings 2-4 and 2-5 vs the
complete set of 2-6. Although the device used here takes 6
readings, this particular device is no longer on the market;
other commercially available machines average fewer read-
ings. Our data suggest that BPs stabilized rapidly.

Studies in adults suggest that measurement of automated
unattended office BPs approximates the average daytime
ABPM, thus raising the question as to whether use of this
technique may decrease the need to perform ABPM.*'*!*1
However, conflicting findings have been reported and these
differences may hinge on details of the measurement protocol,
including inclusion of a rest period, number of readings
obtained, and the presence or absence of staff during BP
measurement.'”**** Studies have suggested that readings
obtained by AOBP without staff in attendance were signifi-
cantly lower than manual office blood pressure.”'*'®*’ The
possibility that AOBP might be able to replace ABPM at least
in some circumstances is appealing owing to the challenges of
providing ABPM on a wide scale in the pediatric population.
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The recent AAP CPG strongly recommended confirming the
diagnosis of hypertension in children and adolescents with
ABPM.' Some experts have voiced concern that this testing
may not be uniformly available.’

One concern with regard to implementation of AOBP in
the office is the impact on clinic flow.”® Previous studies
with the specific device used here indicate that a rest period
is not required and may result in underestimation of office
blood pressure.'”***>*" However, Andreadis et al using a
different device suggested that a rest period may be helpful
in those with higher office pressures.”” Other investigators
have also suggested that the relationship between AOBP
and ABPM differs between lower and higher office pres-
sures. 1639 Although we did not assess for this effect, our
results demonstrate that eliminating the rest period did alter
the correlations between the techniques; however, overall
agreement between the AOBP and manual office blood pres-
sure for the classification of hypertension on ABPM did not
differ significantly. Generally, AOBP performed better in the
later version of our protocol that eliminated the rest period.
Although these findings suggest a rest period may not be
necessary, results may differ with other devices that obtain
fewer readings.

Investigations have yielded mixed results as to the impor-
tance of having the AOBP measurements obtained while the
patient is alone.”*”*>’'*> Owing to our underage popula-
tion, we could not address this issue. Although staff were
not present for the AOBP readings, those accompanying the
patient (parents, siblings) remained in the room. As a result,
our AOBP readings cannot truly be considered unattended.
Manual office blood pressure readings were higher than
AOBP even though the latter were obtained first in our proto-
col. This relationship has been reported by others and may
reflect a white coat effect.”'”'®*” The superior specificity of
AOBP compared with manual office blood pressure noted
here suggests mitigation of the white coat effect by AOBP.

The significance of the superior results in younger children
and children of healthy BMI noted here is of uncertain signif-
icance. Stergiou et al reviewed the need to validate oscillo-
metric devices in children <12 years of age.”* The device
used here is no longer available and findings here may not
apply if other AOBP devices such as the MicrolifeWatch BP
(Microlife USA Inc, Clearwater, Florida) or Omron907XL
(Omron Healthcare Inc, Kyoto, Japan) are used. Rinfret
et al reported variation in measurements obtained when 2 de-
vices were compared.” Correlation between devices may be
impacted in part by variations in the number of readings
and whether exclusion of the first reading is an option.

The inability of AOBP to predict daytime BP levels on
ABPM in children and adolescents was anticipated
because, in pediatrics, readings on ABPM commonly
exceed office BP.”**® The reasons for this are somewhat
unclear, but may be related to an overall higher activity
level of children compared with adults. Studies have
demonstrated that ABPM readings only begin to approxi-
mate office readings in early adulthood.’® Consideration of
an alternative threshold for ABPM based on age =13 years

ORIGINAL ARTICLES

as adopted for office hypertension in the CPG did not
consistently improve performance measures between office
BPs and ABPM. Indeed, the data presented here show that
generally the best agreement was found when AOBP was
used with or without manual office blood pressure and
daytime hypertension was defined based on pediatric
ABPM thresholds.

This study has several limitations, including its retro-
spective design and limited number of children <13 years
of age. Additionally, this study is limited to 1 academic
center and may not predict findings in other types of prac-
tices or geographic locations. AOBP readings were always
obtained first and staff were aware of the results as typical
of a retrospective study. The approach taken here may
have lessened the white coat effect for manual office blood
pressure as there was a substantial lapse of time before tak-
ing manual office blood pressure readings. The period be-
tween initiations of readings for AOBP was set at
2 minutes and findings might differ if a shorter time
(1 minute) were used. However, for those with elevated
BPs, the time between readings can seem short if only
1 minute is used; thus, to maximize tolerability we elected
to use the longer interval of 2 minutes. Most but not all
patients wore the ABPM on the same day as the office visit.
Although same-day assessment is ideal, it is not always
practical in the clinical setting. Given that our study was
conducted in minors, they were not alone during the
AOBP procedure, although no staff were present. The
impact of accompanying persons on readings obtained
by AOBP is not known. Last, the applicability of a dataset
based on auscultated BP measurements for oscillometric
readings is not certain, particularly for diastolic BP."”*
Although these data were not presented, the overall agree-
ment was similar if only systolic BP was considered.
Despite these limitations, this study also has important
strengths, including use of a standard BP measurement
protocol for all types of BP measurements obtained, a rela-
tively large sample size and application in a “real-world”
clinical setting, which may improve generalizability, at
least among pediatric referral centers.

In summary, the data reported here suggest that AOBP
cannot be used with confidence to predict hypertension in
children and adolescents owing to its poor sensitivity. Find-
ings of hypertension on both AOBP and manual office blood
pressure do not obviate the need for confirmation of
hypertension with ABPM. In contrast, the absence of
hypertension on both unattended AOBP and manual
office blood pressure suggests that daytime BP will likely be
normal on ABPM; however, approximately 20% of children
with hypertension by ABPM will be misclassified. Although
these data indicate that AOBP should not replace ABPM in
pediatric patients, it may be useful when access to ABPM is
limited, if used in combination with careful performance of
auscultatory BPs. Although patients at greater risk for
nocturnal hypertension would obviously be better assessed
by ABPM, further study of the possible utility of AOBP in
lower risk patients is warranted. B
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Table I. Comparison of patient demographic data with and without a rest period
Variables Rest period (n = 120) No rest period (n = 67)
Age (years) 15.2 [12.8 t0 16.9] 15 [12.3 to 16.6]
<13 31 (26) 21 (31)
>13 89 (74) 46 (69)
Height (cm 167.5 [158.6 to 174.1] 168 [150.2 to 174.2]
BMI (kg/m?) 28.1[23.0 to 34.2] 27.4 [22.4 0 32.8]
BMI Z-score 1.8[1.0t0 2.4] 1.8[0.8102.2]
Male sex 84 (70) 38 (57)
Days between OV and ABPM 0 [-27 to 0]; range, —56 to 41 0 [0 to 0]; range, —57 to 20
On antihypertensive medications 8(7) 5(7)
\
0V, office visit.

Results shown in median [IQR] or number (%) unless otherwise indicated.

,
Table IV. Comparison of Office hypertension and ABPM hypertension results, Age <13 only*
Patients with hypertension on Patients with no hypertension on
ABPM (n = 10) ABPM (n = 42) Performance measures
Normal Abnormal Normal Abnormal
office BP office BP office BP office BP Overall
Comparisons with ABPM (false negative) (true positive) (true negative) (false positive) Sensitivity ~Specificity agreement (%)
AOBP 5 (50) 5 (50) 32 (76) 10 (24) 0.50 0.76 711
Manual office blood pressure 4 (40) 6 (60) 25 (60) 17 (40) 0.60 0.60 59.6
AOBP or manual office blood pressure’ 4 (40) 6 (60) 21 (50) 21 (50) 0.60 0.50 51.9
AOBP and manual office blood pressure* 5 (50) 5 (50) 36 (86) 6 (14) 0.50 0.86 78.8
\

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.’

*Hypertension prevalence based on elevation of daytime ABPM mean BP. Age <13 years only, hypertension prevalence of 19.2%.

tFor AOBP or manual office blood pressure: a positive result is abnormal on either or both office BP, a negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: a positive result is abnormal on both office BP, a negative result is normal on either or both office BP.
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Table V. Comparison of Office hypertension and ABPM hypertension results, Age 213 only*

Patients with hypertension on Patients with no hypertension
ABPM (n = 41) on ABPM (n = 94) Performance measures
Normal Abnormal Normal Abnormal Overall

Comparisons with ABPM office BP (FN)  office BP (TP)  office BP (TN) office BP (FP)  Sensitivity  Specificity = agreement (%)

AOBP 20 (49) 21 (51) 64 (68) 30 (32 0.51 0.68 63.0

Manual office blood pressure 13 (32) 28 (68) 50 (53) 44 (47) 0.68 0.53 57.8

AOBP or manual office blood pressure’ 13 (32) 28 (68) 44 (47) 50 (53) 0.68 0.47 53.3

AOBP and manual office blood pressure* 20 (49) 21 (51) 70 (74) 24 (26) 0.51 0.74 67.4 )
.

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.’

*Hypertension prevalence based on elevation of daytime ABPM mean BP. Age >13 years only, hypertension prevalence of 30.4%.

1For AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.

\
Table VI. Comparison of Office hypertension and ABPM hypertension results by BMI Z score category, BMI Z score
<2 only*

\,

Patients with hypertension on Patients with no hypertension on

ABPM (n = 32) ABPM (n = 77) Performance measures
Normal Abnormal Normal Abnormal
office BP office BP office BP office BP Overall
Comparisons with ABPM (false negative) (true positive) (true negative) (false positive) Sensitivity ~Specificity agreement (%)
AOBP 18 (56) 14 (44) 61 (79) 16 (21) 0.44 0.79 68.8
Manual office blood pressure 14 (44) 18 (56) 41 (53) 36 (47) 0.56 0.53 54.1
AOBP or manual office blood pressure’ 14 (44) 18 (56) 39 (51) 38 (49) 0.56 0.51 52.3
AOBP and manual office blood pressure* 18 (56) 14 (44) 63 (82) 14 (18) 0.44 0.82 70.6

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.”

*Hypertension prevalence based on elevation of daytime ABPM mean BP. BMI Z-score <2 only, hypertension prevalence of 29.4%.

tFor AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.

Use of Automated Office Blood Pressure Measurement in the Evaluation of Elevated Blood Pressures in Children and 211.e2
Adolescents
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Table VII. Comparison of Office hypertension and ABPM hypertension results by BMI Z score category, BMI Z score
=2 only*

\,

ABPM (n =19) ABPM (n = 59) Performance measures

Normal Abnormal Normal Abnormal

office BP office BP office BP office BP Overall
Comparisons with ABPM (false negative) (true positive) (true negative) (false positive) Sensitivity Specificity agreement (%)
AOBP 7(37) 12 (63) 35 (59) 24 (41) 0.63 0.59 60.3
Manual office blood pressure 3(16) 16 (84) 34 (58) 25 (42) 0.84 0.58 64.1
AOBP or manual office blood pressure’ 3(16) 16 (84) 26 (44) 33 (56) 0.84 0.44 53.9
AOBP and manual office blood pressure* 7(37) 12 (63) 43 (73) 16 (27) 0.63 0.73 70.5

Patients with hypertension on Patients with no hypertension on

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.?

*Hypertension prevalence based on elevation of daytime ABPM mean BP. BMI Z-score >2 only, hypertension prevalence of 24.4%.

tFor AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
$For AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.

Table VIII. Comparison of office hypertension and ABPM hypertension results, for same-day ABPM and office
measurements only (129/188 of participants)*

\,

Patients with hypertension on Patients with no hypertension on

ABPM (n = 28) ABPM (n = 101) Performance measures

Normal Abnormal Normal Abnormal

office BP office BP office BP office BP Overall
Comparisons with ABPM (false negative) (true positive) (true negative) (false positive) Sensitivity ~Specificity agreement (%)
AOBP 11 (39) 17 (61) 75 (74) 26 (26) 0.61 0.74 71.3
Manual office blood pressure 8 (29) 20 (71) 55 (54) 46 (46) 0.71 0.54 58.1
AOBP or manual office blood pressure’ 8 (29) 20 (71) 50 (50) 51 (50) 0.71 0.50 54.3
AOBP and manual office blood pressure* 11 (39) 17 (61) 80 (79) 21 (21) 0.61 0.79 75.2

Values are number (%). Office hypertension defined by 2017 CPG." Pediatric ABPM thresholds used.’

*Hypertension prevalence based on elevation of daytime ABPM mean BP. hypertension prevalence of 21.7%.

tFor AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.
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Table IX. Comparison of office hypertension and ABPM hypertension results in ages =13 years*

Patients with hypertension on Patients with no hypertension
ABPM (n =77) on ABPM (n = 58) Performance measures
Normal Abnormal Normal Abnormal Overall

Comparisons with ABPM office BP (FN)  office BP (TP)  office BP (TN) office BP (FP)  Sensitivity  Specificity = agreement (%)

AOBP 41 (53) 36 (47) 43 (74) 15 (26) 0.47 0.74 58.5

Manual office blood pressure 27 (35) 50 (65) 36 (62) 22 (38) 0.65 0.62 63.7

AOBP or manual office blood pressure’ 25 (32) 52 (68) 32 (55) 26 (45) 0.68 0.55 62.2

AOBP and manual office blood pressure* 43 (56) 34 (44) 47 (81) 11(19) 0.44 0.81 60 )
.

Values are number (%). Office hypertension defined by 2017 CPG." ABPM threshold of >130/80 mm Hg.?'

*Hypertension prevalence based on elevation of daytime ABPM mean BP. Age >13 years only, hypertension prevalence of 57%.

1For AOBP or manual office blood pressure: positive result is abnormal on either or both office BP, negative result is normal on both office BP.
FFor AOBP and manual office blood pressure: positive result is abnormal on both office BP, negative result is normal on either or both office BP.

Use of Automated Office Blood Pressure Measurement in the Evaluation of Elevated Blood Pressures in Children and 211.e4
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Figure 3. Scatterplots with Pearson correlation coefficient comparing AOBP average systolic and diastolic pressures for 3, 4, or

5 total measurements.
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Systolic BP: 4 vs 5 measurements
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Figure 4. Bland-Altman plots demonstrating differences between means of 4 or 3 BP measurements as compared to full set of
measurements. The dotted line represents 1 SD. The y axis is millimeters of mercury differences between means and the x axis is

millimeters of mercury.
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