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abstractOBJECTIVES: To determine the natural history of pediatric hypertension.

METHODS: We conducted a 72-month retrospective cohort study among 165 primary care sites.
Blood pressure measurements from two consecutive 36 month periods were compared.

RESULTS: Among 398 079 primary care pediatric patients ages 3 to 18, 89 347 had $3 blood
pressure levels recorded during a 36-month period, and 43 825 children had $3 blood
pressure levels for 2 consecutive 36-month periods. Among these 43 825 children, 4.3%
(1881) met criteria for hypertension (3.5% [1515] stage 1, 0.8% [366] stage 2) and 4.9%
(2144) met criteria for elevated blood pressure in the first 36 months. During the second 36
months, 50% (933) of hypertensive patients had no abnormal blood pressure levels, 22%
(406) had elevated blood pressure levels or ,3 hypertensive blood pressure levels, and 29%
(542) had $3 hypertensive blood pressure levels. Of 2144 patients with elevated blood
pressure in the first 36 months, 70% (1492) had no abnormal blood pressure levels, 18%
(378) had persistent elevated blood pressure levels, and 13% (274) developed hypertension
in the second 36-months. Among the 7775 patients with abnormal blood pressure levels in
the first 36-months, only 52% (4025) had $3 blood pressure levels recorded during the
second 36-months.

CONCLUSIONS: In a primary care cohort, most children initially meeting criteria for hypertension
or elevated blood pressure had subsequent normal blood pressure levels or did not receive
recommended follow-up measurements. These results highlight the need for more nuanced
initial blood pressure assessment and systems to promote follow-up of abnormal results.

WHAT’S KNOWN ON THIS SUBJECT: Pediatric
hypertension, currently defined as 3 high blood
pressure levels, is known to be underdiagnosed. No
studies using routine clinical measurements in
primary care show the natural history of pediatric
hypertension.

WHAT THIS STUDY ADDS: We show that most children
and adolescents meeting criteria for hypertension
have their abnormal blood pressure levels normalize
over several years with repeated measurement. Many
children even with stage 2 hypertension do not have
routine blood pressure levels measured annually.
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Pediatric hypertension has an
estimated prevalence of 2% to 5%,1–5

predisposes children to adult
hypertension, and is associated with
early markers of cardiovascular
disease.6–13 Definitions of pediatric
hypertension and elevated blood
pressure are based on 3 abnormal
blood pressure measurements. For
children ,13 years old, hypertension
is defined as diastolic and/or systolic
readings $95th percentile for age,
height, and sex, whereas elevated
blood pressure is $90th percentile
but ,95th percentile. For children
$13 year old, hypertension and
elevated blood pressure are defined
by absolute blood pressure measures
consistent with adult blood pressure
guidelines.14,15 Unlike in adults, in
whom blood pressure cutoffs are
based on morbidity and mortality
data, in children, cutoffs are based on
SDs from normative blood pressure
data and expert opinion.14,15 Pediatric
hypertension and elevated blood
pressure are underdiagnosed and
undertreated.16–18

Because large-scale, longitudinal
studies of pediatric hypertension and
elevated blood pressure based on
routinely collected clinical data
generally do not exist, the natural
history of abnormal pediatric blood
pressure levels obtained through
routine clinical care have not been
well studied. In this study, we
examine longitudinal trajectories of
blood pressure levels and the
persistence of abnormal blood
pressure levels over time as recorded
in routine clinical practice. Such
information could lead to pediatric
hypertension diagnoses definition
refinements and more nuanced
evaluation and management
guidelines.

METHODS

The Data Set

We used the American Academy of
Pediatrics Comparative Effectiveness
Research through Collaborative

Electronic Reporting (CER2)
Consortium data.18,19 For this study,
we extracted data from the electronic
health records (EHRs) of 165
pediatric primary care sites among 30
health care systems. This cohort
previously demonstrated significant
underdiagnosis (only 23.2% of
hypertension cases and 10.2% of
prehypertension cases were
diagnosed) and undertreatment (only
5.6% of patients who should have
been prescribed an antihypertensive
medication on the basis of pediatric
hypertension guidelines were) of
pediatric hypertension and so is
ideally suited to study the natural
history of abnormal blood pressure
levels in pediatric populations.18,19

The blood pressure levels and other
data in the EHRs used from the 30
different health care systems were
not collected for research purposes,
and we have no way of determining
the methods of how the data were
collected. However, all of the data
used are actual data collected in
pediatric primary care for which
standards exist and primary care
clinics that care for children have
standard protocols and processes for
blood pressure measurement.

Defining the Analysis Cohort

We identified all children ages 3 to 18
(age range at study entry was
3.0–13.6 years, and age range at
study end was 6.5–18.9 years) with
$72 months of observation between
1999 and 2016, with $3 separate
visits with a blood pressure during
the first 36-month period (period 1)
and $3 separate visits with a blood
pressure during the second 36-month
period (period 2). Because accurate
height information is required to
interpret pediatric blood pressure
measurements, implausible height
measurements were excluded,20 and
only blood pressure levels on the
same day as a valid height were
included. With these criteria, each
child had the potential to meet
hypertension or elevated blood
pressure criteria in each of the two

36-month periods and thus could be
assessed for persistence of these
diagnoses over time. Children were
defined as hypertensive if they had
$3 visits in which either the diastolic
blood pressure and/or systolic blood
pressure was $95th percentile for
age, height, and sex.21–23 For selected
analyses, we identified the subgroup
of children with stage 2 hypertension
as having $3 blood pressure
measurements $12 mmHg above the
95th percentile. Children with $3
visits with blood pressure
measurements $90th percentile but
,95th percentile, based on age,
height, and sex, were considered to
have elevated blood pressure.21–23

(see Supplemental Information for
methodology to calculate blood
pressure levels in the stage 2
hypertensive range). For children
$13 years old, we used $130/80 as
the threshold for abnormal blood
pressure. If the child had more than
the required 3 blood pressure
measurements during the period,
only 3 were needed to meet the
abnormal blood pressure criteria.
Period 1 determined if a child met
hypertension or elevated blood
pressure criteria, and period 2
assessed whether blood pressure
normalized, or diagnoses persisted. If
a child had $3 abnormal blood
pressure levels in period 1 but ,3
abnormal blood pressure levels in
period 2, they would not be
considered to have hypertension or
elevated blood pressure during
period 2. We used the 2017 American
Academy of Pediatrics blood pressure
definitions for elevated blood
pressure, hypertension, and stage 2
hypertension.15

Analysis

Our goal was to report descriptive
statistics, and, for rates of
hypertension, 95% confidence
intervals. We used multinomial
logistic regression (without
covariates), with a separate
regression for each combination of
patient group (eg, by sex) and
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hypertension level in period 1. Each
regression estimated the
probabilities, given the period 1 level
of hypertension, of 4 outcomes in
period 2: normal blood pressure,
elevated blood pressure, stage 1
hypertension, or stage 2
hypertension. We then translated the
resulting odds to probabilities.
Confidence intervals were calculated
by using the d method.24 Finally,
statistical models adjusted all
confidence bounds to reflect that the
data arise from natural clusters
formed by patients within clinical
practice sites. Because our goal was
to calculate variances and confidence
intervals properly, our models did not
adjust for covariates.

In our results, we deliberately
avoid “statistical significance”
statements, in keeping with
the recent guidance from the
American Statistical Association.25

Rather, our results are largely
descriptive. The width and
location of confidence intervals
reflect the power of the analysis
and the strength of evidence.
In addition, we avoid formal
statistical contrasts between
subgroups of children defined by sex,
age category (,10 and $10), and
BMI percentile category (,85th
percentile, 85th percentile to ,95
percentile, $95th percentile)
because of the multiplicity of
possible comparisons and the
absence of prespecified contrasts.
All comparisons are therefore
hypothesis generating.

Secondary Analyses: Follow-up for
Patients With ,3 Visits in the Second
Period

After counting the number of visits in
each of the two 36-month periods, we
first limited the analysis to those
children with $3 visits with blood
pressure levels and heights per
period. Second, we looked at children
who had $3 visits with blood
pressure levels and heights in the
first period but ,3 visits in the
second period.

All statistical analysis was performed
with SAS v9.4 (SAS Institute, Inc, Cary,
NC) or Stata v15.1 (Stata Corp,
College Station, TX) with robust
confidence interval estimated by
using the program “mlogit” with the
“vce” and “cluster” options. The
American Academy of Pediatrics
Institutional Review Board (IRB)
served as the primary IRB and
additional local IRBs reviewed and
approved this study. The Children’s
Hospital of Philadelphia IRB
determined that this study was not
human subjects research.

RESULTS

From our initial sample of 398 079
patients, 43 825 patients (11%) met
study inclusion criteria (Fig 1). Of this
cohort, 4.9% (2144) had elevated
blood pressure and 4.3% (1881)
were hypertensive (3.5% [1515]
stage 1 and 0.8% [366] stage 2), with
$3 blood pressure measurements
during the first 36 months (period 1)
(Fig 1). Characteristics of the overall
sample compared with those included
are described in Table 1. Frequency of
included visits ranged from 3 visits
per period (77% of all children) to 41
(only 7% of children had .6 visits
during the 72 months).

Of the 1515 children with stage 1
hypertension at the end of period 1,
52% (788) had their blood pressure
normalize (ie, had ,3 abnormal
blood pressure levels), 22% (332)
continued to meet criteria for
elevated blood pressure but not
hypertension, 21% (315) continued
to have stage 1 hypertension, and 5%
(80) went on to develop stage 2
hypertension by the end of period 2.
In those 366 who met criteria for
stage 2 hypertension by the end of
period 1, persistence of hypertension
was more common. Forty percent
(145) had their blood pressure
normalize, 20% (74) met criteria for
elevated blood pressure, 25% (90)
met criteria for on stage 1
hypertension, and 16% (57)

continued to have stage 2
hypertension by the end of period 2.
Among the 2144 children with
elevated blood pressure in period 1,
70% (1492) had their blood pressure
normalize in period 2 (ie, had ,3
blood pressure levels). Another 18%
(378) continued to have elevated
blood pressure levels, 10% (221)
went on to develop stage 1
hypertension and 2% (53) went on to
develop stage 2 hypertension by the
end of period 2 (Fig 1).

We also investigated patient factors
(sex, age category, and BMI category)
to describe the association of these
factors with persistent blood
pressure problems (Tables 2–4).
Across groups with elevated blood
pressure or stage 1 or stage 2
hypertension in period 1, point
estimates for persistence of abnormal
blood pressure levels were generally
higher among older ($10 years)
versus younger children and among
those with overweight or obesity
versus normal-weight children. Many
sample sizes for subanalyses were
small with wide confidence intervals.

Our results also reveal that for many
pediatric patients, even those with
abnormal blood pressure levels,
follow-up readings were not regularly
obtained. Of the 398 079 primary care
pediatric patients in our cohort, only
22.4% (89347) had $3 blood
pressure levels recorded during a 36-
month period, and only 11.0%
(43 825) had $3 blood pressure
levels recorded during 2 consecutive
36-month periods. Patients with
blood pressure problems in period 1
were more likely to have additional
visits (beyond 2) in period 2 (49%
(39 800 of 81 572) of those with
normal blood pressure levels versus
52% (4025/7775) of those with
elevated blood pressure levels or
hypertension) (Table 5). The trend
did increase with increasingly
abnormal blood pressure category
during period 1, with 50% (2144 of
4305) of patients with elevated blood
pressure, 54% (1515 of 2821) with
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stage 1 hypertension, and 56% (366
of 649) with stage 2 hypertension
receiving $3 blood pressure levels
recorded during period 2 to fully
assess their blood pressure status
during period 2.

Although this study was not designed
to evaluate medication effectiveness,
among the 120 hypertensive patients

in period 1 prescribed an
antihypertensive medication, patterns
of blood pressure normalization were
similar to the overall cohort. The
equivalent analysis (data not shown)
using the 2004 pediatric
hypertension clinical practice
guidelines showed fewer patients
meeting criteria for hypertension
(1.8%) and prehypertension (2.7%).

However, rates of normalization were
similar, with only 40% of
hypertensive patients in period 1
remaining hypertensive in period 2
and only 10% meeting criteria for
prehypertension. This left 50% of
hypertensive patients in period 1 not
meeting criteria for hypertension or
prehypertension in period 2. Among
the prehypertensive patients in

FIGURE 1
CONSORT (Consolidated Standards Of Reporting Trials) cohort and subsamples population flow diagram.
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period 1, 22% became hypertensive,
7% remained prehypertensive, and
71% no longer met criteria for
prehypertension or hypertension.

DISCUSSION

In this study, we demonstrate that
over several years, most pediatric
patients managed in primary care and
initially meeting hypertension or
elevated blood pressure criteria with
3 routinely collected, in-office blood
pressure levels will not continue to
meet criteria for hypertension or
elevated blood pressure. This pattern
of a return to lower blood pressure

readings among children with periods
of abnormal blood pressure levels has
potentially important practice
implications. This study also shows
that many pediatric patients, even
those with abnormal blood pressure
levels, do not have follow-up blood
pressure levels obtained even on an
annual basis, as recommended by
current and previous pediatric
hypertension guidelines. Blood
pressure levels were obtained
through practice, not under a strict
research protocol. As such, our
findings from EHRs raise hypotheses
regarding blood pressure

measurement and follow-up that
could be tested in future prospective
studies.

Although we are unaware of previous
studies in which researchers
examined prevalence of persistent
abnormal blood pressure levels in
a similarly large primary care
pediatric cohort of routinely collected
in-office blood pressure levels,
several other researchers have
investigated aspects of this problem.
In 1986, Shear et al26 evaluated
persistent abnormal blood pressure
levels over 8 years in ∼1500 children
in the prospective Bogalusa Heart
Study in which auscultated pressures
were used. They showed that children
with 3 serial blood pressure levels in
the top quartile continued to remain
in the upper quartile approximately
2/3 of the time and that 97% of
children without 3 serial blood
pressure levels in the top quartile
continued to not have any blood
pressure levels in the top quartile. In
another study published in 2017 of
almost 5600 patients (160 with
hypertension) followed over 3 years,
Daley et al27 developed a model to
predict hypertension based on an
initial single elevated blood pressure.
The model pointed to systolic blood
pressure, previous blood pressure
levels, and BMI percentile as
significant predictors, but the model
did not work well at 2 other sites
evaluated in the study, and overall,
,20% of children with an initial
abnormal blood pressure developed
hypertension.27

Authors of several other studies
either looking at single “incident”
high blood pressure levels or the $3
abnormal blood pressure for a true
hypertension diagnosis have shown
that increasing BMI percentile is
highly associated with abnormal
blood pressure levels but did not
track measures for as long as this
study.22,28–31 Authors of the Falkner
study, a prospective study in which
auscultated pressures were used,
showed 31% of boys and 26% of girls

TABLE 1 Patient Characteristics

Original Sample
(N = 397 436), n (%)

Final Cohort
(N = 43 825), n (%)

Male 203 221 (51.1) 23 390 (53.4)
Age at start of study,y
,9 279 234 (70.3) 36 121 (82.4)
$9 118 202 (29.7) 7704 (17.6)

BMI categories
BMI percentile ,85th 279 823 (70.3) 31 949 (82.4)
BMI percentile $85th to ,95th 60 817 (15.3) 6.484 (14.8)
BMI percentile $95th 56 796 (14.3) 5392 (12.3)

Race and ethnicity
White, not Hispanic 156 888 (39.5) 24 411 (55.7)
Black or African American, not Hispanic 100 400 (25.3) 10 588 (24.2)
Hispanic 29 056 (7.3) 2470 (5.6)
Other not Hispanic 8220 (2.1) 976 (2.2)
Unknown 102 872 (25.9) 5380 (12.3)

Percentage meeting criteria for elevated blood pressure N/A 2144 (4.9)
Hypertension
Percentage meeting criteria for stage 1 hypertension N/A 1515 (3.5)
Percentage meeting criteria for stage 2 hypertension N/A 366 (0.8)

N/A, not available.

TABLE 2 Among Patients With Stage 2 Hypertension at the End of the First 36 Months, Blood
Pressure Diagnoses at the End of the Second 36 Months by Patient Characteristics

Normal Elevated Stage 1 Stage 2

Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n

Overall 39.6 (34.1–45.1) 145 20.2 (16.5–23.9) 74 24.6 (16.5–23.9) 90 15.5 (12.6–18.6) 57
Sex
Male 36.9 (29.9–43.9) 79 21.5 (16.8–26.2) 46 25.7 (19.7–31.7) 55 15.9 (10.5–21.3) 34
Female 43.4 (36.7–50.1) 66 18.4 (12.6–24.2) 28 23.0 (17.8–28.3) 35 15.1 (10.8–19.4) 23

Age
,10 y 41.9 (35.8–47.9) 124 17.2 (13.7–20.7) 51 26.0 (20.6–31.4) 77 14.9 (10.7–19.0) 44
$10 y 30 (20.6–39.4) 21 32.9 (22.3–43.4) 23 18.6 (10.7–26.4) 13 18.6 (10.2–27.0) 13

BMI
,85% 45.7 (38.9–52.6) 75 20.1 (15.6–24.7) 33 23.2 (18.3–28.1) 38 11.0 (6.4–15.6) 18
85%–95% 32.7 (18.3–47.1) 18 20.0 (10.2–29.8) 11 20.0 (8.6–31.4) 11 27.3 (14.9–39.7) 15
.95% 35.4 (28.4–42.3) 52 20.4 (14.1–26.7) 30 27.9 (22.1–33.7) 41 16.3 (10.4–22.2) 24

CI, confidence interval.
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continued to exhibit hypertension
(compared with our 22%), and 47% of
boys and 26% of girls (compared with
our 29%) moved from a hypertensive
blood pressure level to a blood
pressure level in the prehypertensive
(Faulkner study) or elevated blood
pressure (this study), although this
study only had a 2-year follow-up,
with a single second blood pressure
measurement.22 Fourteen percent of
boys and 12% of girls moved from
having a single blood pressure level in
the prehypertensive range to having
a single blood pressure level in the
hypertensive range, similar to our
13% moving from elevated blood
pressure to hypertension.22 A meta-

analysis by Juhola et al32 of 4
longitudinal pediatric blood pressure
cohorts followed into adulthood
revealed that ∼40% of children with
$1 visit with an elevated blood
pressure level did not have elevated
blood pressure levels when measured
as an adult (the other 60% did have
$1 visit with an elevated blood
pressure level as an adult or were on
antihypertensive medication). Authors
of all of these studies support the
finding in this study that persistent
abnormal blood pressure is hard to
predict, and many children with
abnormal blood pressure levels do not
have persistently high blood pressure
measurements.

Pediatric blood pressure guidelines
historically and currently use a “one
size fits all” approach for abnormal
blood pressure evaluation and follow-
up in children $3 years old. Our
analysis suggests that if the current
guidelines were followed and
everyone with $3 abnormal blood
pressure levels were additionally
evaluated and managed, significant
additional testing and workup would
be done in a large cohort of pediatric
patients, many of whose blood
pressure levels will normalize over
time without intervention. Although
prospective testing of this hypothesis
is warranted, especially with high-
risk groups and with research-level
measurement, continued routine
well-child care or annual blood
pressure screening, potentially
coupled with standard lifestyle
guidance, may be sufficient in many
patients. Even larger samples than
our own with more complete data are
needed to fully evaluate which
patients are more likely to have
persistent blood pressure problems.
Our results also suggest that more
nuanced evaluation and management
algorithms may be important because
the 2017 pediatric hypertension
guidelines, although they recommend
limiting screening to preventive well-
child care visits, also take out children
with weight problems from the
normative blood pressure tables. This
change in the normative blood
pressure tables decreases the cutoffs
for abnormal blood pressure levels,
so significantly more children are
identified as having abnormal blood
pressure levels.33

Our results also raise the hypothesis
that modifying the diagnostic criteria
for abnormal blood pressure
diagnoses in children may also help in
identifying those likely to have
persistent abnormalities. Unlike the
pediatric definition of hypertension
that requires having 3 abnormal
blood pressure measurements,15,34

the adult definition of hypertension
requires 2 abnormal blood pressure

TABLE 3 Among Patients With Stage 1 Hypertension at the End of the First 36 Months, Blood
Pressure Diagnoses at the End of the Second 36 Months by Patient Characteristics

Normal Elevated Stage 1 Stage 2

Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n

Overall 52.0 (47.1–56.9) 788 21.9 (20.2–23.6) 332 20.8 (16.4–25.2) 315 5.3 (4.3–6.2) 80
Sex
Male 50.5 (45.2–55.7) 475 22.7 (20.6–24.9) 214 21.1 (16.5–25.8) 199 5.6 (4.1–7.1) 53
Female 54.5 (49.2–59.9) 313 20.6 (17.9–23.2) 118 20.2 (15.3–25.1) 116 4.7 (3.1–6.3) 27

Age
,10 y 53.8 (48.6–59.1) 722 21.0 (19.1–22.9) 282 20.2 (15.9–24.6) 271 4.9 (3.9–5.9) 66
$10 y 37.9 (30.9–44.9) 66 28.7 (21.6–35.8) 50 25.3 (15.7–34.9) 44 8.0 (3.8–12.3) 14

BMI
,85% 54.5 (49.1–59.9) 463 20.7 (17.7–23.8) 176 20.7 (16.1–25.4) 176 4.0 (2.7–5.3) 34
85%–95% 47.8 (39.5–56.1) 120 24.3 (19.0–29.6) 61 22.3 (13.9–30.8) 56 5.6 (2.5–8.6) 14
.95% 49.4 (43.7–55.1) 205 22.9 (19.6–26.2) 95 20.0 (15.4–24.6) 83 7.7 (5.3–10.1) 32

CI, confidence interval.

TABLE 4 Among Patients With Elevated Blood Pressure at the End of the First 36 Months, Blood
Pressure Diagnoses at the End of the Second 36 Months by Patient Characteristics

Normal Elevated Stage 1 Stage 2

Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n Standardized %
(95% CI)

n

Overall 69.6 (66.7–72.5) 1492 17.6 (15.8–19.5) 378 10.3 (8.2–12.4) 221 2.5 (1.8–3.2) 53
Sex
Male 69.8 (66.2–73.4) 890 17.3 (15.2–19.4) 220 10.5 (8.1–12.9) 134 2.4 (1.4–3.4) 31
Female 69.3 (66.2–72.3) 602 18.2 (15.4–20.9) 158 10.0 (7.4–12.7) 87 2.5 (1.6–3.4) 22

Age
,10 y 72.4 (69.0–75.9) 1342 15.3 (13.4–17.1) 283 10.1 (7.8–12.5) 188 2.2 (1.5–2.8) 40
$10 y 51.5 (45.9–57.2) 150 32.6 (27.8–37.5) 95 11.3 (7.2–15.5) 33 4.5 (1.9–7.1) 13

BMI
,85% 74.0 (70.3–77.6) 963 15.1 (12.7–17.6) 197 9.0 (6.7–11.3) 117 1.9 (1.2–2.7) 25
85%–95% 66.0 (61.3–70.8) 243 18.8 (14.9–22.6) 69 12.2 (8.7–15.8) 45 3.0 (1.1–4.9) 11
.95% 60.3 (54.7–66.0 286 23.6 (19.2–28.1) 112 12.4 (9.4–15.5) 59 3.6 (2.2–5.0) 17

CI, confidence interval.
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measurements and that the average
of blood pressure measurements
after the 2 abnormal measurements
also be high.35,36 The low rates of
persistent hypertension and elevated
blood pressure in the current study
(which also occurs when the analysis
is done by using the 2004 pediatric
hypertension clinical practice
guidelines) highlights the potential
value and need for a more nuanced
definition of pediatric hypertension
that might include measurement
averaging across visits. The adoption
of a methodology that averages
readings across visits may also be
helpful in practice because most
pediatric hypertension is
undiagnosed and many abnormal and
normal blood pressure
measurements may exist, especially
in younger and shorter children,
before any abnormal blood pressure
levels are recognized.37

This study has several limitations.
First, only ∼10% of our original
cohort of almost 400 000 children
had enough longitudinal blood
pressure measurements to be
included in our study. This selection
process favored the inclusion of
younger children who have more
visits. Second, the blood pressure
measurements were extracted from
many different EHRs with no way to
know if they were obtained according
to guideline measurement standards.
We do not know if multiple blood

pressure measurements were made, if
any blood pressure averaging was
done, if the patient was sitting or
standing, or if measurements were
oscillometric or auscultatory. In
addition, multiple pediatric
hypertension guidelines were in place
during the study period. However, the
overall prevalence of hypertension
and abnormal blood pressure ($90th
percentile) measured in this
population (4.3% and 4.9%
respectively) is only slightly higher
than that measured in other studies
that more rigorously measure blood
pressure, showing hypertension and
abnormal blood pressure rates of
between 0.3% and 2.1% and 2.8% and
4.5%, respectively, using different
abnormal blood pressure definitions
that did not take out children with
weight problems.1,2,4,5 Also, a recent
review and meta-analysis of
oscillometric and auscultatory blood
pressure measurements showed that
systolic oscillometric blood pressure
measurements were on average only
2.53mmHg higher than auscultatory
blood pressure measurements, and
diastolic blood pressure measures
were statistically the same. The review
authors concluded that oscillometric
devices may serve as a suitable
alternative to auscultation for initial
blood pressure screening in pediatric
populations.38 Another limitation of
this study is that none of the
measurements or analysis presented
here consider the growing

recommendations for an increased role
for ambulatory blood pressure
measurements in assessment of
abnormal blood pressure,39–42 and we
cannot determine from our data set if
ambulatory blood pressure
measurements were ordered or
obtained. Additionally, lifestyle changes
are incompletely documented in EHRs;
therefore, we were unable to assess the
impact of lifestyle changes on blood
pressure. However, hypertension and
elevated blood pressure are
underdiagnosed (.80% undiagnosed)
in this population18 and generally, so it
is unlikely in children with
undiagnosed hypertension that specific
blood pressure lowering lifestyle
interventions are being consistently
applied to address an undocumented
problem. With respect to the
antihypertensive medication analysis,
although patterns of blood pressure
normalization were similar among
children whether they were receiving
antihypertensive medication or not,
this was a small sample, and this study
was not designed to evaluate the
effectiveness of these medications.
Finally, although we started with
hundreds of thousands of pediatrics
patients, because of the low prevalence
of blood pressure problems, low
diagnosis rate, low medications
prescriptions,18 and poor long-term
follow-up, determining risk factors for
persistent abnormal blood pressure
levels (including impact of
antihypertensive medications) was
impossible. Future prospective long-
term studies, potentially focused on
those at high-risk and followed for
longer periods, will be helpful and
could be facilitated by the increasing
EHR use.

CONCLUSIONS

Most children with many blood
pressure level measurements who
initially meet criteria for
hypertension or elevated blood
pressure do not continue to meet
criteria for hypertension or elevated
blood pressure. In our cohort,

TABLE 5 The Number of Patients With 0, 1, 2, 3, 4, and $5 Visits With Blood Pressure Measurements
During the Second 36-Month Measurement Period, Among the 89 347 Patients With $3
Visits With Blood Pressure Measurement During the First 36-Month Measurement Period,
According to the Blood Pressure Stage in the First 36-Month Period

BP Stagea During the
First 36 mo

0, No.
(Row %)

1, No.
(Row %)

2, No.
(Row %)

3, No.
(Row %)

4, No.
(Row %)

5, or
More No.
(Row %)

Total
Patients

Normal 4053 (5) 11 719
(14)

26 000
(32)

31 168
(38)

4440 (5) 4192 (5) 81 572

Elevated blood
pressure

207 (5) 686 (16) 1268 (29) 1384 (32) 290 (7) 470 (11) 4305

Stage 1 hypertension 136 (5) 389 (14) 781 (28) 789 (28) 215 (8) 511 (18) 2821
Stage 2 hypertension 32 (5) 92 (14) 159 (24) 199 (31) 50 (8) 117 (18) 649
Total patients 4428 12 886 28 208 33 540 4995 5290 89 347

BP, blood pressure.
a See the text for the definitions of blood pressure staging.
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abnormal blood pressure
measurements during a 36-month
baseline period were poorly
predictive of future hypertension or
elevated blood pressure. Additionally,
many children, even with stage 2
hypertension, did not have
recommended follow-up blood
pressure measurements. These
hypothesis-generating findings
suggest that office-based blood
pressure measurements alone may
not be sufficient to determine which
pediatric patients will have
persistently abnormal blood pressure
levels. On the basis of these findings,
future pediatric hypertension clinical
practice guidelines should consider
recommending a more nuanced
approach to the 3-abnormal-blood-
pressures definition of pediatric
hypertension, as well as to other

approaches to the evaluation and
management of these patients.
Guidelines should continue to stress
the need for routine blood pressure
collection, especially in children with
some abnormal blood pressure
measures. Although many children’s
blood pressure will normalize over
time, some will not, so it continues to
be important that pediatric
hypertension clinical practice
guidelines be followed. Future
prospective studies will be helpful in
confirming the findings here and
their implications for practice,
especially among higher-risk
children.
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