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Correlation of Blood Pressure Readings From 6-Hour Intervals With the
Daytime Period of 24-Hour Ambulatory Blood Pressure Monitoring in
Pediatric Patients
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Shorter-interval (6-hour) ambulatory blood pressure moni-
toring (ABPM) has been shown to correlate well with
24-hour ABPM in adults, but this has not been studied in
children. The authors selected 131 patients aged 9 to 18
who underwent 24-ABPM from 2000-2008. Six-hour inter-
vals beginning at different start times were compared with
the daytime and 24-hour period, with subset analysis for
normotensive and hypertensive patients. Concordance
correlation coefficients (CCCs) were used to assess for
agreement. Among normotensive patients, the mean
difference between daytime and 6-hour intervals ranged

from —-0.1 mm Hg to 0.0 mm Hg for diastolic blood pres-
sure (DBP) and —-1.1 mm Hg to 0.6 mm Hg for systolic
blood pressure (SBP) with CCCs of 0.88 to 0.93 for DBP
and 0.93 to 0.96 for SBP. For hypertensive patients, mean
difference ranged from -0.6 to 1.3 mm Hg for DBP and
—-0.8 to 1.1 mm Hg for SBP with CCCs of 0.89 to 0.98 for
DBP and 0.86 to 0.95 for SBP. Shorter-interval monitoring
correlates significantly with full daytime monitoring in chil-
dren, allowing for assessment of blood pressure with
improved convenience. J Clin Hypertens (Greenwich). 2012;
14:396—-400. ©2012 Wiley Periodicals, Inc.

Hypertension is one of the leading health care prob-
lems in the United States. The incidence of hyperten-
sion in children prior to the past decade was 1% to
3%. Recent reports confirm an increase in the average
blood pressure (BP) in children with a prevalence of
hypertension as high as 4.5% in school-aged children.
Currently, studies evaluating end organ structures
demonstrate hypertension as a risk factor for develop-
ment of left ventricular hypertrophy® and carotid
artery intimal-medial thickness.’

Clinic BP (CBP) is the standard for measuring BP in
the office; however, ambulatory BP monitoring
(ABPM) is becoming the preferred standard for evalua-
tion of children with suspected hypertension. The indi-
cations for use of an ABPM device continue to grow
and prompted the American Heart Association (AHA)
in 2008 to publish a scientific statement providing
guidelines on the use and the interpretation of ABPM
in the pediatric population.* One indication for ABPM
includes identifying children at greater risk for end
organ damage. The ABPM results are a stronger pre-
dictor of hypertension-associated target organ damage
compared with CBP.>~”

The 2008 AHA scientific statement outlines utiliza-
tion of 24-hour ABPM. Many families may find
24-hour monitoring too burdensome or too costly. As
such, one option is to order a shorter interval of moni-
toring. To date, nothing in the literature has provided
evidence on the efficacy of shorter intervals of moni-
toring for the diagnosis of hypertension among chil-
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dren. Several studies have evaluated shorter intervals
among the adult population. Ernst and colleagues®
found that 6-hour monitoring can approximate mean
24-hour BP results; however, it does not provide infor-
mation about circadian variations. Graves and col-
leagues’ report 6-hour monitoring as comparable to
accurate office measurements without the limitations
of poor reproducibility and observer bias. Two older
studies'®'" concluded that 3 or 4 readings per hour
during a shorter interval correlated with mean daytime
pressures by 24-hour ABPM.

Given the option of 6-hour ABPM at our institution
and the recommendations for the use of 24-hour moni-
toring, the evaluation of the concordance between the
shorter and longer intervals could provide guidance for
clinicians as well as increase power of future research
studies on ABPM in children. The aim of this study was
to determine whether mean and median systolic BP (SBP)
and diastolic BP (DBP) from a 6-hour daytime interval
correlate with statistical significance with the mean and
median daytime and 24-hour SBP and DBP among
pediatric patients who have undergone 24-ABPM.

METHODS
The study was approved by the Mayo Clinic’s institu-
tional review board. All patients aged 9 to 18 who
underwent 24-hour ABPM between 2001 and 2008
were identified from a pre-existing database of all
ABPM at the Mayo Clinic. Patients had ABPM testing
to assess for hypertension or syncope. Patients who
denied access to their medical records for research
purposes were excluded. Patients with secondary
hypertension were excluded. Patients were not
excluded based on medication use.

Data were obtained for a 24-hour period using the
Spacelab  monitor 90217 oscillometric monitor
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(Spacelabs  Healthcare, Issaquah, WA). Patients
recorded on the monitor the hours in which they were
sleeping. Daytime readings were defined as any record-
ing taken while the patient was awake, individualized
for each patient depending on their personal time sche-
dule. The 24-hour ABPM study was considered ade-
quate if fewer than 2 hours passed between successful
readings, at least 70 readings were recorded over
24 hours, at least 50 readings during daytime, and at
least 10 readings during the nighttime. Fifteen patients
were excluded due to inadequate number of readings.

The starting time of the 24-hour period varied for
each patient, between 7 aM and 5 pMm. For each patient,
the BP readings were divided into a total of ten 6-hour
intervals, beginning at 10 different start times
(7:00-16:00) during the daytime hours of the 24-hour
period. The 6-hour intervals were selected from the
daytime period because this is when an ABPM can be
logistically placed for patients. Each 6-hour interval of
BP readings was utilized for analysis if more than 20
readings were obtained during a consecutive period
of 5 to 6 hours. The monitor is programmed to take
recordings on average every 10 minutes. Six-hour
intervals were not included if they overlapped between
two separate calendar days. For example, for a patient
who started monitoring at noon, only § of ten 6-hour
intervals constructed on that same day were utilized in
the analysis. We did not include the 6-hour intervals
that started after the person awoke the next morning
since the monitoring ended at noon. For each patient
and each 6-hour interval, the mean (and median) SBP
and DBP readings over that interval were calculated.
For comparison, the same summary measures were
obtained for each patient’s entire daytime period that
the patient indicated they were awake and entire 24-
hour period. Both mean and median (50% BP load)
were used because these two criteria are used to estab-
lish the diagnosis of hypertension in children based on
24-hour ABPM.*

Analyses were performed separately for normoten-
sive and hypertensive patients in order to validate 6-
hour ABPM for both normotensive and hypertensive
patients. Hypertension was defined by AHA 2008
guidelines as a mean BP >95th percentile for sex and
height based on the 24-hour ABPM.* For each of the
ten 6-hour intervals, the agreement between the mea-
sures from the 2 periods (6-hour interval vs entire 24-
hour period, 6-hour interval vs awake period) was
assessed graphically using the Bland-Altman method
and quantified using the concordance correlation coef-
ficient (CCC). The CCC is a reproducibility index that
evaluates the agreement between two measurements
by measuring the variation from the concordance
line."? For example, when the summary measures for
a group of patients from their 6-hour interval starting
at 12 pm are plotted in a scatter plot against the
summary measures for the same patients from their
24-hour interval, the 45° reference line in the scatter
plot is considered the concordance line. The CCC
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ranges from O to 1; the closer the data fall along the
concordance line, the closer the CCC is to 1.

Descriptive statistics were made between the
patients’ classification of hypertensive status based on
mean BP values by 24-hour ABPM and mean BP
values by 6-hour ABPM. The classification is based on
age, sex, and height according to the 2008 AHA
guidelines.”

RESULTS

In total, 131 patients were included. Of these, 96 were
normotensive and 35 were hypertensive. The average
age of the patients was 15.7 years (range, 9.6—
18.9 years), and 82 (62.6%) were female.

The mean difference between mean DBP readings for
the entire daytime period compared with the 6-hour
intervals ranged from —-0.1 mm Hg to 0.0 mm Hg
among normotensives and from —0.6 to 1.3 mm Hg
among hypertensive patients (Table I). The mean dif-
ference in mean SBP readings for the entire daytime
period compared with the 6-hour intervals ranged from
—1.1 mm Hg to 0.6 mm Hg among normotensives and
—-0.8 mm Hg to 1.1 mm Hg among hypertensives
(Table II).

Focusing on the median as the criteria of interest, the
mean difference between the median DBP readings for
the entire daytime period compared with the 6-hour
intervals ranged from —0.9 mm Hg to 0.08 mm Hg
among normotensives and —0.4 mm Hg to 1.8 mm Hg
among hypertensive patients (data not shown). Simi-
larly, the mean difference in median SBP readings ranged
from —1.3 mm Hg to 0.6 mm Hg among normotensives
and —1.7 mm Hg to 1.5 mm Hg among hypertensives
(data not shown).

The CCC was used to assess the concordance
between the criteria estimated from the 6-hour inter-
vals and from the daytime period. For mean DBP, the
CCC values ranged from 0.88 to 0.93 among normo-
tensives and 0.89 to 0.98 for hypertensives (Table I).
The CCC for mean SBP varied from 0.93 to 0.96
among normotensive patients and 0.86 to 0.95 among
hypertensive patients. A representative Bland-Altman
plot demonstrating concordance between the 6-hour
period starting at 12 pMm and the entire daytime period
are shown in Figure 1 and Figure 2, for normotensive
and hypertensive patients, respectively.

The CCC values for median DBP ranges from 0.87
to 0.93 for normotensives and 0.86 to 0.98 for hyper-
tensives. The CCC values for median SBP ranges from
0.94 to 0.96 for normotensives and 0.82 to 0.96 for
hypertensives (data not shown).

Comparisons were also made between each 6-hour
interval and the entire 24-hour period (Table I and
Table II). The mean differences compared with the full
24-hour period were greater than those compared with
the daytime period. The corresponding CCCs were
also lower.

A total of 25 patients were misclassified when solely
using 6-hour ABPM results to identify hypertension
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TABLE I. Comparison of Mean Diastolic Blood Pressure From 6-Hour Intervals vs Daytime and Full 24-Hour
ABPM by Group and Start Time

6-H vs Daytime 6-H vs 24-H
6-H Start Time Group No. 6-H Mean (SD) Difference Mean (SD)? CccC Difference Mean (SD)? CcccC
7 AM Norm 20 69.1 (6.3) -0.8 (2.1) 0.92 -3.6 (3.0) 0.70
HTN 7 76.3 (7.9) -0.1 (2.4) 0.95 -4.0 (2.6) 0.79
8 Am Norm 34 70.9 (5.8) -0.8 (2.5) 0.88 -4.2 (3.0) 0.61
HTN 1 78.2 (9.4) 0.1 (2.4) 0.97 -4.0 (2.6) 0.86
9 Am Norm 33 70.2 (6.1) -0.8 (2.6) 0.89 -4.1 (3.2) 0.63
HTN 10 77.7 (9.8) 0.1 (1.8) 0.98 -3.7 (2.5) 0.88
10 Am Norm 40 71.7 (6.7) -1.0 2.7) 0.90 -4.6 (3.2) 0.65
HTN 11 79.1 (8.2) 0.0 (2.7) 0.93 -4.3 (3.0 0.77
11 am Norm 43 71.0 (6.2) -0.7 (2.6) 0.90 -4.0 (3.1) 0.66
HTN 15 76.7 (7.6) 1.3 (3.4) 0.89 -3.0 (4.1) 0.77
12 pm Norm 61 70.7 (5.9) -0.3 (2.5) 0.90 -3.7(3.1) 0.69
HTN 23 78.6 (7.7) 0.1 (3.1) 0.91 -4.0 (3.5) 0.77
1pM Norm 65 71.0 (5.9) -0.2 (2.5) 0.90 -3.7 (3.0 0.69
HTN 26 79.1 (7.2) -0.6 (2.6) 0.93 -4.8 (2.7) 0.74
2 pm Norm 72 70.6 (6.3) -0.1 (2.4) 0.93 -3.6 (2.9) 0.72
HTN 29 79.0 (7.5) -0.4 (2.7) 0.93 -4.6 (3.2 0.73
3pm Norm 75 70.3 (6.1) -0.1 (2.5) 0.91 -3.5(3.1) 0.70
HTN 29 78.9 (8.1) -0.1 (3.3 0.91 -4.2 (4.1) 0.72
4 pm Norm 75 70.1 (6.4) 0.0 (2.5) 0.91 -3.6 (3.3) 0.69
HTN 28 78.0 (9.3) -0.3(3.7) 0.91 -4.1 (4.3) 0.78

Abbreviations: ABPM, ambulatory blood pressure monitoring; CCC, concordance class coefficient; HTN, hypertensive group (n=35); Norm, normoten-
sive group (n=96); SD, standard deviation. ®Difference=daytime period minus 6-hour period; full 24-hour period minus 6-hour period.

TABLE Il. Comparison of Mean Systolic Blood Pressure From 6-Hour Intervals vs Daytime and Full 24-Hour
ABPM by Group and Start Time

6-H vs Daytime 6-H vs 24-H
6-H Start Time Group No. 6-H Mean (SD) Difference Mean (SD)? CcccC Difference Mean (SD)? CcC
7 M Norm 20 115.7 (8.0) 0.6 (2.6) 0.94 -1.9 (2.9 0.90
HTN 7 139.0 (7.9) -0.2 (4.3) 0.86 -4.7 (4.8) 0.63
8 A Norm 34 116.9 (7.5) 0.6 (2.7) 0.93 -25(3.2) 0.85
HTN 1 132.2 (6.5) 1.1 (3.5) 0.87 -2.9 (4.0) 0.76
9 Am Norm 33 116.4 (8.3) 0.2 (2.7) 0.94 -27 (3.2 0.85
HTN 10 133.0 (6.7) 0.6 (2.8) 0.93 -3.0 (3.5) 0.81
10 Am Norm 40 118.9 (9.0) 0.3 (2.9) 0.94 -3.0 (3.5) 0.85
HTN 11 130.9 (7.2) 0.4 (3.0) 0.91 -3.8 (3.5) 0.76
11 am Norm 43 118.9 (8.8) 0.2 (2.5) 0.96 -2.9(3.2) 0.87
HTN 15 131.8 (7.4) 1.7 (3.7) 0.86 -2.2(4.1) 0.82
12 pm Norm 61 117.8 (8.4) 0.2 (2.7) 0.95 -2.9 (3.3) 0.86
HTN 23 135.1 (9.7) 0.0 (3.7) 0.92 -4.1 (4.5) 0.78
1 pm Norm 65 118.4 (8.2) -0.2 (2.6) 0.95 -3.4 (3.2 0.84
HTN 26 135.5 (9.9) -0.4 (3.1) 0.95 -4.5 (3.9) 0.81
2 pm Norm 72 119.1 (9.0) -0.8 (2.3) 0.96 -3.9 (2.8) 0.85
HTN 29 135.0 (10.4) -0.7 (3.1) 0.95 -4.5 (4.0) 0.81
3 pm Norm 75 118.9 (8.8) ~0.6 (2.8) 0.94 -4.3 (3.0) 0.82
HTN 29 134.7 (11.4) -0.5 (4.2) 0.92 -4.6 (4.8) 0.79
4 pm Norm 75 119.1 (8.8) -1.1 (2.5) 0.95 -4.7 (3.0) 0.80
HTN 28 135.8 (11.3) -0.8 (3.8) 0.93 -5.2 (5.1) 0.75

Abbreviations: ABPM, ambulatory blood pressure monitoring; CCC, concordance class coefficient; HTN, hypertensive group (n=35); Norm, Normo-
tensive group (n=96); SD, standard deviation. ®Difference=daytime period minus 6-hour period; full 24-hour period minus 6-hour period.
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FIGURE 1. Bland-Altman plot of mean systolic blood pressure (SBP) among normotensive patients for interval starting at 12 pm.
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FIGURE 2. Bland-Altman plot of mean systolic blood pressure (SBP) among hypertensive patients for interval starting at 12 pm.

when compared with the patients’ 24-hour ABPM.
Ten patients who were diagnosed with hypertension
only by loss of nocturnal dipping on the 24-hour
ABPM were normotensive on 6-hour ABPM. Nine
additional patients who were classified as hypertensive
on the 24-hour ABPM based on daytime readings were
normotensive on at least one of their 6-hour intervals.
This discrepancy was found only in the mean systolic
component, with a mean difference between 95% day-
time systolic cutoff value* and mean 6-hour SBP of
4.3 mm Hg (£+0.9 standard deviation). Six patients
were diagnosed as normotensive on the 24-hour
ABPM but hypertensive on at least one of their 6-hour

ABPM intervals. Of these, 3 patients were misclassified
based on diastolic readings, with a mean difference of
2.1 mm Hg (40.6), and 3 subjects based on systolic
readings, with a mean difference of 5.2 mm Hg

(£0.8).
DISCUSSION

In a climate of increasing medical costs, clinicians
must consider the necessity of every test and choose a
test that provides the needed information for the least
expense. Additionally, compliance for a 24-hour
period may be difficult for certain pediatric patients.
Shorter-interval ABPM has been recognized in the
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adult literature as comparable to full 24-hour monitor-
ing. At the authors’ institution, both types of monitor-
ing are available on the electronic ordering system.
When given this choice, clinicians at this institution
have ordered 6-hour studies nearly 50% of the time
for pediatric patients. The overall cost for the shorter
interval of monitoring is approximately one third that
of a 24-hour interval of monitoring.

The results of this study demonstrate that a strong
correlation exists in the pediatric population similar to
that prev1ously found among adults. In fact, Ernst and
colleagues® found adjusted correlation coefficients of
0.83 for systolic pressures from 6-hour intervals in
adults, lower than the results for some intervals in this
study. Strong CCCs for 6-hour periods when com-
pared with all daytime readings suggest that 6-hour
ABPM may be a valid alternative to longer-term
monitoring for diagnosing daytime hypertension in the
pediatric population as well.

Six-hour readings, however, generally take place
during the day and fail to capture abnormal nocturnal
dipping patterns. In this study, as well as studies
among adults, the correlation is weaker when the 6-
hour period is compared with the entire 24-hour per-
iod. Our results demonstrate that the 6-hour ABPM
missed the diagnosis of hypertension based on noctur-
nal dipping in 10 patients. Prior studies have suggested
that inappropriate nocturnal dipping has a higher
prevalence among, patients with some types of second-
ary hypertension.” All of our patients met the defini-
tion of essential hypertensmn based on chart review. If
nocturnal hypertension is suspected or needed to guide
therapy, then a 24-hour ABPM would be more
appropriate.

STRENGTHS AND LIMITATIONS

Our study demonstrated that 6-hour ABPM was able
to identify 94% of normotensive patients identified on
24-hour ABPM results. This could be a cost-effective
tool for assessing patients for whom the clinician has a
high suspicion for white-coat hypertension. However,
the 6-hour ABPM misclassified 54% of our hyperten-
sive patients as having a normal BP. Ten of the 19
patients did not have nocturnal dipping pattern. The
remaining 9 patients were misclassified based on at
least one of their multiple 6-hour intervals meeting cri-
teria for being normotensive. This small sample size
limits our ability to identify additional caveats behind
misclassification. However, for future studies, the use
of a different BP load or different start times may be
more effective in categorizing patients with hyperten-

sion based on the 6-hour ABPM. Future studies could
also allow for exploration of various time intervals to
correctly categorize.

This study is limited by its retrospective design and
the use of the same data set for comparing 6-hour
intervals with daytime and 24-hour intervals. Future
studies with prospective enrollment could assess
24-hour measurements compared with various time
intervals obtained on separate days. We did exclude
patients with secondary forms of hypertension, which
may limit the generalizability of our findings.

CONCLUSIONS

Prior studies have correlated end organ damage with
24-hour ABPM results. Future studies correlating
shorter ABPM intervals with end organ damage will
help define their role in monitoring BP in children.
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