Hypertension Screening During Ambulatory Pediatric
Visits in the United States, 2000–2009
WHAT’S KNOWN ON THIS SUBJECT: The American Academy of
Pediatrics and National Heart, Lung, and Blood Institute
recommend routine blood pressure measurement in children.
Little is known about the frequency with which blood pressure is
currently measured in ambulatory pediatric settings in the United
States.
WHAT THIS STUDY ADDS: Between 2000 and 2009, providers
measured blood pressure during only one-third of ambulatory
pediatric visits and two-thirds of pediatric preventive visits. The
current rate of screening is especially low for children aged 3 to 7
years.

abstract
BACKGROUND AND OBJECTIVE: Hypertension occurs in 2% to 5% of children in the United States, and its prevalence has increased during the
obesity epidemic. There is no consensus among professional organizations about how frequently blood pressure should be measured in children .3 years old. The purpose of this study was to estimate the
frequency of hypertension screening during ambulatory pediatric visits
in the United States and to determine patient- and provider-level factors
associated with screening during visits speciﬁcally for preventive care.
METHODS: We analyzed data from a nationally representative sample of
ambulatory visits by using the National Ambulatory Medical Care Survey
and the National Hospital Ambulatory Medical Care Survey from 2000
through 2009. In the subset of visits involving patients aged 3 to 18 years,
we estimated the frequency of screening during all visits, preventive
visits, and preventive visits in which overweight/obesity was diagnosed.
We used multivariable logistic regression to identify patient- and
provider-level factors associated with screening.
RESULTS: Hypertension screening occurred during 35% of ambulatory
pediatric visits, 67% of preventive visits, and 84% of preventive visits in
which overweight/obesity was diagnosed. Between 2000 and 2009, the
frequency of screening increased in all visits and in preventive visits.
Factors independently associated with screening included older age
and overweight/obesity diagnosis.
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CONCLUSIONS: Providers do not measure blood pressure in two-thirds
of pediatric visits and one-third of pediatric preventive visits. Providers
may understand the importance of screening among overweight/obese
children; however, efforts to encourage routine screening, particularly
in young children, may be needed. Pediatrics 2012;130:604–610
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Hypertension occurs in 2% to 5% of
children in the United States, and its
prevalence has increased in recent
years.1–4 The growing prevalence of
obesity, physical inactivity, and more
frequent intake of foods high in calories
and salt are contributing to this trend.5,6
Pediatric hypertension can be associated with primary renal parenchymal
disease, may be a sign of an underlying
pathologic condition (eg, coarctation of
the aorta, renal artery stenosis), usually
persists into adulthood, and is a risk
factor for cardiovascular disease and
end organ damage (eg, left ventricular
hypertrophy)7–13; thus, early diagnosis
of hypertension in children and adolescents is of paramount importance.
Measurement of blood pressure is
a cost-effective, noninvasive, and relatively accurate method to identify pediatric hypertension.14 Because many
patients in the United States have limited access to health care resources
and may visit medical settings infrequently, ambulatory visits represent an
important opportunity to screen for pediatric hypertension.
There is no consensus among professional organizations about how frequently blood pressure should be
measured in children. The National
Heart, Lung, and Blood Institute (NHLBI)
recommended in 2004 that medical
providers assess blood pressure in
children aged .3 years at every medical encounter14; however, in 2011 an
NHLBI task force published an evidence report, endorsed by the American
Academy of Pediatrics, that recommended annual blood pressure measurement in children .3 years old.15
Bright Futures, a national health care
promotion initiative, recommends blood
pressure measurement during all health
supervision visits by children .5
years,15 while the United States Preventive Services Task Force does not
endorse a speciﬁc recommendation
because of inconclusive evidence.16

In several regional surveys, .90% of
physicians have reported that they
routinely measured blood pressure in
preventive care visits.17–20 However, the
only national study of blood pressure
measurement in the United States,
conducted between 1985 and 1996,
estimated that providers performed
screening in only 50% to 60% of preventive visits.21 The frequency with
which physicians currently perform
screening in ambulatory pediatrics in
the United States is unknown.
This study had 2 objectives. First, we
estimated the frequency of hypertension screening in a nationally representative sample of visits in ambulatory
pediatric settings. Second, in the subset
of visits speciﬁcally for preventive care,
we identiﬁed characteristics of patients
and providers that were associated
with screening.

METHODS

NAMCS during ofﬁce visits. The NCHS
samples 112 geographic primary sampling units (PSUs), physician practices
within PSUs, and visits within practices.
Likewise, the NCHS administers the
NHAMCS during visits to hospital outpatient departments and emergency
departments by using a 4-stage sampling procedure. The NCHS samples
geographic PSUs, hospitals within PSUs,
clinics and emergency service areas
within hospitals, and visits within clinics and emergency service areas. For
each visit, the NCHS provides a visit
weight equal to the inverse probability
of that visit being sampled. These
weights allow for the generation of
nationally representative estimates
by using data from the NAMCS and
NHAMCS. In this study, we analyzed data
from visits to ofﬁces and hospital outpatient departments, and we excluded
data from visits to emergency departments.

Data Source and Design
We analyzed data from the National Ambulatory Medical Care Survey (NAMCS)
and the National Hospital Ambulatory
Medical Care Survey (NHAMCS) to estimate the frequency of hypertension
screening in children during ambulatory visits in the United States. We
combined data collected in the surveys between 2000 and 2009, the 10
most recent years of available data.
The National Center for Health Statistics (NCHS) administers the NAMCS
and NHAMCS annually at a nationally
representative sample of visits to
ofﬁces, outpatient departments, and
emergency departments in the United
States. The surveys are used to collect
information about patient demographics,
diagnoses (by using codes from the
International Classiﬁcation of Diseases,
Ninth Revision, Clinical Modiﬁcation),
medications prescribed, and procedures performed.
The NCHS uses a 3-stage probability
sampling procedure to administer the

Study Population
We deﬁned the study population to include all sampled visits by patients
aged 3 to 18 years to ofﬁces oroutpatient
departments in the United States between 2000 and 2009 (N = 93 534 sampled visits). Hypertension screening
was deﬁned as having occurred if the
physician recorded on the survey instrument that blood pressure had been
measured. In addition to this overall
analysis, which included visits for
preventive, acute, and chronic care, we
estimated the frequency of screening
in 2 subsets of visits: (1) visits for
preventive care (N = 15 334) and (2)
preventive visits in which the patient
was diagnosed as overweight or obese
(N = 705). Surveyed providers distinguished visits for preventive care from
those for acute or chronic care by
using a check box on the survey instrument that denoted the “major
reason for the visit.” Providers diagnosed overweight/obesity by either
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checking a box for “obesity” on the
survey instrument or assigning a diagnosis of overweight or obesity (International Classiﬁcation of Diseases
codes 278.00–278.02) in any of 3 diagnosis ﬁelds. We hypothesized that
the frequency of hypertension screening would be higher in preventive visits
than in all pediatric visits because
obtaining blood pressure is a part of
routine preventive care but might not
occur at some pediatric visits (eg,
those for acute or urgent care). Additionally, we hypothesized that the
frequency of hypertension screening
would be highest in preventive visits
in which overweight/obesity was diagnosed because providers who identiﬁed overweight/obesity might have
a heightened concern for hypertension
in this vulnerable patient population.
Because some overweight or obese
patients may not have received a diagnosis of overweight or obesity, we
also estimated the frequency of hypertension screening in patients who
were clinically overweight/obese. We
deﬁned a patient to be clinically
overweight/obese if BMI was at or
above the 85th percentile for age and
gender.22 This analysis was conducted
for visits that occurred between 2005
and 2009, the only years in which height
and weight were recorded on the survey
instrument.
Analysis
Our main outcomes in this study were
the number and percentage of ambulatory pediatric visits in which hypertension screening occurred between
2000 and 2009. We estimated the frequency of screening in all visits, preventive visits, and preventive visits in
which overweight or obesity was diagnosed. We grouped data into 2-year
intervals and used logistic regression
to determine whether there was a time
trend in the frequency of screening at
any of these visit types.
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In the subset of visits speciﬁcally for
preventive care, we used multivariable
logistic regression to assess whether
characteristics of patients (age, gender, race/ethnicity, insurance type,
overweight/obesity diagnosis) or providers (clinical setting, length of visit,
US Census region, practice setting, use
of electronic medical records [EMRs])
were associated with hypertension
screening. We chose to limit this analysis to visits for preventive care because we feel that obtaining blood
pressure is part of routine preventive
care (eg, well checks), whereas we
acknowledge that screening might not
occur at all types of visits (eg, urgent
care visits for sore throat or a sprained
ankle). A x 2 test was used to determine which variables were nominally
(P , .2) associated with hypertension
screening. Variables that were nominally associated with screening were
included in the multivariable model.
A variable for physician specialty (pediatric primary care, family practice,
internal medicine, specialists) was included in a model that used data from
ofﬁces only (NAMCS). To distinguish
pediatric subspecialists from general
pediatricians, we used a variable that
denoted whether the physician considered himself or herself as the primary care provider for the patient. The
“specialist” category, therefore, included physicians who were not classiﬁed as family medicine physicians,
internists, or pediatricians who considered themselves the patient’s primary care provider.
In the subset of preventive visits that
occurred between 2005 and 2009 and in
which height and weight were measured, we estimated the frequency of
hypertension screening in patients who
were clinically overweight/obese. We
used a x2 test to determine whether
these patients were screened more
frequently than patients who were not
clinically overweight/obese. For the

same survey years, we estimated the
frequency with which height was measured given that blood pressure was
measured at preventive visits. We performed this analysis to determine a
ceiling on the frequency with which true
hypertension screening could have occurred because a record of the patient’s
height is required to interpret blood
pressure values adequately.
All analyses were conducted by using
Stata 11 software (Stata Corp, College
Station, TX) and took into account
components of the survey design.

RESULTS
Frequency of Hypertension
Screening
During the 10-year study period, there
were 93 534 ambulatory visits by children 3 to 18 years old that were sampled in the NAMCS and NHAMCS. When
survey weights were applied, these
93 534 sampled visits represented an
average of 142 million (95% conﬁdence
interval [CI]: 131–153 million) ambulatory visits per year for children aged 3
to 18 years. Hypertension screening
occurred during 35% (95% CI: 34%–
36%) of these visits, and the frequency
of screening increased signiﬁcantly
during the study period, from 26%
(95% CI: 23%–28%) in 2000–2001 to
41% (95% CI: 38%–44%) in 2008–2009
(P , .0001; Fig 1). On average, 28 million (95% CI: 25–30 million) pediatric
visits per year, that is, 20% of all pediatric visits, were for preventive care;
hypertension screening occurred during 67% (95% CI: 65% to 69%) of preventive visits. There was an increase in
the frequency of screening at preventive visits during the study period,
from 51% (95% CI: 45%–56%) in 2000–
2001 to 71% (95% CI: 67%–75%) in
2008–2009 (P , .0001). Hypertension
screening occurred during 84% (95%
CI: 78%–89%) of preventive visits in
which children were diagnosed as
overweight/obese. This frequency did
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screening was especially low for children aged 3- to 7 years. However, the
frequency of hypertension screening
during all visits and preventive visits
increased signiﬁcantly during the study
period.

FIGURE 1
Frequency of hypertension screening in all pediatric visits, pediatric preventive visits, and pediatric
preventive visits in which overweight/obesity was diagnosed, 2000–2009.

not change signiﬁcantly during the
study period (P = .68).
In the subset of preventive visits that
occurred between 2005 and 2009 (the
only years in which height and weight
were recorded on the survey instruments), 44% (95% CI: 42%–46%) of patients were overweight/obese based
on BMI values. Hypertension screening
occurred in 84% (95% CI: 81%–86%) of
these visits. Among patients whose
height and weight were measured,
there was no difference in the frequency of screening between those
who were clinically overweight or
obese (84%) and those who were not
overweight or obese (84%; P = .88).
Height was measured in 89% (95% CI:
87%–90%) of preventive visits in which
blood pressure was measured.
Factors Associated With
Hypertension Screening
Table 1 shows characteristics of patients
and providers that were independently
associated with hypertension screening
at pediatric preventive visits. Screening

was more likely among older children
(odds ratio [OR] 2.6, 95% CI: 2.2–3.0 for
13- to 18-year-olds; OR 1.5, 95% CI: 1.3–
1.8 for 8- to 12-year-olds) compared with
3- to 7-year-olds, during visits lasting
.15 minutes (OR 1.3, 95% CI: 1.1–1.7),
and among children diagnosed as
overweight or obese (OR 2.2, 95% CI:
1.4–3.5). In a subanalysis of data from
visits to ofﬁces only, specialists were
less likely than pediatric primary care
physicians to screen for hypertension
during preventive visits (OR 0.4, 95%
CI: 0.3–0.5). Gender, race/ethnicity, US
Census region, practice setting, and
use of EMRs were not independently
associated with hypertension screening in multivariable analysis.

DISCUSSION
Our analysis of national ambulatory
survey data found that hypertension
screening occurred during only onethird of pediatric visits and during
only two-thirds of pediatric preventive
visits in the United States between 2000
and 2009. The rate of hypertension

Hypertension screening is particularly
importantinoverweight/obesechildren.
We found a relatively high frequency of
screening (84%) among children who
were diagnosed as overweight/obese,
which suggests that practitioners may
recognize the increased risk of hypertension in this vulnerable population.
However, it is potentially concerning
that blood pressure was not measured
in nearly 1 of 5 of these children. Although speciﬁc circumstances at some
visits may have rendered blood pressure measurement impractical or unfeasible, we were unable to determine
from our data why blood pressure
was not measured at 16% of these
visits. Several studies suggest that
overweight/obese children have an elevated risk of hypertension,23–26 and
our ﬁnding suggests that most physicians who diagnose overweight/obesity
also recognize the importance of
screening these patients.
We found no association between clinical overweight/obesity and the frequency of hypertension screening in
patients whose height and weight were
measured. This ﬁnding may be explained
by the positive correlation between
measurement of height and weight and
measurement of blood pressure. In
other words, providers who measured
height and weight also measured blood
pressure in the vast majority (84%) of
preventive visits, regardless of their
weight status. This may occur because
the interpretation of blood pressure
requires anthropometric data and/or
because these measurements occur
sequentially during many ambulatory
visits.
Although a previous national study found
racial and ethnic disparities in the
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TABLE 1 Patient-, Provider-, and Practice-Level Factors Associated With Hypertension Screening in
Pediatric Preventive Visits
Characteristic

Time, per 2 y
Age group, y
3–7
8–12
13–18
Gender
Male
Female
Race/ethinicitya
Non-Hispanic white
Non-Hispanic black
Hispanic
Other
US census region
Northeast
Midwest
South
West
Specialtyb
Pediatric preventive care
Family practice
Internal medicine
Specialists
Setting
Physician ofﬁce
Outpatient department
Overweight/obesity diagnosed?
No
Yes
Length of visit, minb
#15
.15
EMRb,c
No
Yes
Insurance typea
Nonprivate
Private
Metropolitan statistical area
Metropolitan
Nonmetropolitan

No. of Sampled
Preventive Visits
(N = 15 334)

Weighted Proportion
of Visits With
Hypertension
Screening, %

P (x 2)

OR (95% CI) for
Hypertension
Screening

—

,.0001
,.0001

1.3 (1.2–1.4)

5353
3463
6518

56
67
77

7508
7826

65
68

6343
3635
3668
1043

69
69
66
66

5,5.2
3720
3294
2818

68
70
67
61

3653
1078
84
1645

67
75
69
59

6460
8874

67
70

14 629
705

66
84

3263
3358

63
70

2502
2351

76
70

1.00
1.5 (1.3–1.8)
2.6 (2.2–3.0)
.01
1.00
1.0 (0.9–1.2)
.53
1.00
0.9 (0.7–1.2)
0.9 (0.7–1.2)
1.0 (0.7–1.4)
.03
1.00
1.1 (0.8–1.4)
0.9 (0.7–1.2)
0.8 (0.5–1.0)
,.0001
1.00
1.1 (0.8–1.5)
0.7 (0.4–1.3)
0.4 (0.3–0.5)
.11
1.00
1.1 (0.9–1.3)
,.0001
1.00
2.2 (1.4–3.5)
,.0001
1.00
1.3 (1.0–1.7)
.02
1.00
0.8 (0.6–1.1)
.63

8798
5790

67
66

13 640
1016

68
68

.83

a

Raw N do not sum to 15 334 because of missing data.
Data are for NAMCS (ofﬁces) only. ORs are estimated from a separate model by using data only from the NAMCS surveys.
c Data were available only for 2003–2009.
b

frequency of screening for hypertension,21 our study found no signiﬁcant
differences in the frequency of screening by race or ethnicity. This may be
explained by the fact that we controlled
for the diagnosis of overweight or
obesity, whereas the previous study did
not. Alternatively, our results may reﬂect a time trend toward more equal
screening by race and ethnicity, which
608

is consistent with recommendations
from national guidelines.14 Because
there is limited evidence of racial or
ethnic differences in the risk of hypertension in children,27,28 it may not
be necessary for physicians to consider race or ethnicity as a predisposing factor for pediatric hypertension.
We also found that providers were
signiﬁcantly more likely to screen older

children than younger children, even
after controlling for physician specialty.
This ﬁnding is similar to the results
found in the earlier national study regarding hypertension screening21 as well
as several studies examining screening trends for overweight/obesity and
related complications.29,30 This may
be due to a perception that older
children are more likely to cooperate
(eg, not cry or fuss) during blood
pressure measurement; because of
a heightened concern for early presentation of adult cardiovascular disease in older children; because some
ofﬁces lack an appropriately sized cuff;
or because providers underestimate
the prevalence of hypertension, and
thus the importance of screening, in
younger patients. Still, screening younger children could unveil secondary
causes of hypertension. Younger children with hypertension are more likely
to have underlying pathology and secondary causes for their elevated blood
pressures, which underscores the importance of screening in this age group.
The fact that nearly 50% of children
aged 3 to 7 years do not have blood
pressure screening performed at preventive visits is concerning.
We found no independent association
between use of EMR and hypertension
screening at preventive visits, even
though use of health information technology has been associated with improved adherence to preventive health
guidelines.31 Use of clinical decision
support tools in conjunction with EMR
has been associated with improved
blood pressure control32; however, 2
previous national studies using the
NAMCS and NHAMCS surveys found no
impact of EMR use alone on several
quality indicators.33,34 There may be
a role for EMR to encourage guidelinerecommended practices for hypertension screening (for example, by
reminding practitioners to record blood
pressure whenever a value is not
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entered in the EMR) but additional data
to support the speciﬁc role of EMR are
needed.
We acknowledge several limitations to
this study. First, it is possible that in
some cases physicians measured blood
pressure without recording it on the
survey instrument. This would have led
us to underreport the true frequency
of hypertension screening. Second,
although we were able to estimate
the national frequency of hypertension
screening and examine variation thereof,
it was not possible to determine the
appropriateness of screening at any
speciﬁc visit. We acknowledge that
speciﬁc circumstances at certain visits
may have rendered measurement of
blood pressure unnecessary or inappropriate. Indeed, national guidelines
for hypertension screening provide
recommendations for routine care; an
evaluation of the quality of care at any
speciﬁc visit in our data set is both
beyond the scope of our analysis and
inconsistent with the purpose of
guidelines. Third, because the unit of
observation in our study was the visit
rather than the patient, it was not
possible to determine what percentage
of pediatric patients had their blood
pressure measured annually. To the

visits made by the same patient could
have been sampled more than once
during the study period. Because data
in the NAMCS and NHAMCS are collected during short periods (1 week
and 4 weeks, respectively) and because
different ofﬁces and hospitals can be
selected during different survey years,
it is highly unlikely that patients revisited ofﬁces or outpatient departments
to an extent that would have signiﬁcantly inﬂuenced our results.

extent that physicians follow the NHLBI
recommendation to screen patients
annually, it may be that some patient
groups in our study (eg, young children)
had their blood pressure measured
less frequently simply because they
sought care more frequently than other
patient groups. Fourth, we deﬁned hypertension screening based on the
reporting of a blood pressure measurement, and we were unable to
comment on the adequacy of measurement or the interpretation of speciﬁc blood pressure values. Several
studies have documented a systematic
underrecognition of pediatric hypertension, even when blood pressure
is measured.35–37 The high frequency
(89%) of height measurement in patients
whose blood pressure was measured
suggests that screening could have
occurred at most preventive visits.
However, in at least 11% of preventive
visits in which blood pressure was
measured, blood pressure values could
not have been interpreted appropriately.
Contemporaneous measurement of
height and blood pressure, together
with appropriate use of blood pressure
tables, is required for providers to
screen appropriately for hypertension
in children. Finally, it is possible that

Our study is the ﬁrst in more than
a decade to estimate the frequency of
hypertension screening nationally.
Similar to an earlier study, we found
that physicians likely overestimate the
extent to which they routinely measure
blood pressure. In addition, although
there has been a signiﬁcant increase
in the frequency of blood pressure
measurement in recent years, many
children, especially those aged 3 to 7
years, do not have their blood pressure
measured during preventive visits.
Given the growing prevalence of obesity
and the known long-term ramiﬁcations
associated with pediatric hypertension,
efforts to encourage routine screening
at primary care visits, particularly in
younger children, may be needed.
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