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Evidence-based interventions differ for increasing hyperten-
sion awareness, treatment, and control and should be tar-
geted for specific patient panels. This study developed a
hypertension control cascade to identify patients with a
usual source of care represented at each level of the
cascade using the 2007–2012 National Health and Nutrition
Examination Survey. Overall, 10.7 million adults in the United
States were unaware of their condition, 3.8 million were
aware but untreated, and 15.8 million were treated but
uncontrolled. The results also suggest that failure to attain
hypertension control because of lack of awareness or lack of

treatment despite awareness occurs mainly among younger
individuals and those with no annual healthcare visits, while
the elderly and minorities are more likely to remain uncon-
trolled when aware and treated. Opportunities to leverage
population health management functions in electronic health
information systems to align the specific patient subgroups
facing barriers to hypertension control at each level of the
cascade with targeted hypertension management interven-
tions are discussed. J Clin Hypertens (Greenwich).
2016;18:232–239. � 2015 The Authors. The Journal of
Clinical Hypertension published by Wiley Periodicals, Inc.

Nearly 30% of adults in the United States have
hypertension.1,2 Hypertension was identified as the
underlying or contributing cause in more than
360,000 deaths in 2010.1,3 One goal of the US Health
and Human Services Million Hearts� initiative is to
prevent one million heart attacks and strokes between
2012–2016 through improving hypertension control to
70% or greater among patients currently in clinical
care.4 Achieving that target could prevent approxi-
mately 50,000 deaths annually.5

Studies have shown that patients with a usual source
of health care receive more effective care and have better
hypertension control compared with those without a
usual source of care.6–8 Recent data also show that
among the 36 million US adults with uncontrolled
hypertension, 89.4% report having a usual source of
care. Among these individuals with care, just over half

(51.2%) do not report taking prescription medication
treatment for the condition.9 This led the American
Medical Association to prioritize blood pressure (BP)
control among patients in care for its multi-year
commitment to help improve health outcomes.10 This
study develops a multi-level cascade analysis of hyper-
tension awareness, treatment, and control among US
adults with a usual source of care. The analysis focuses
on national level data stratified by patient characteristics
commonly available to healthcare providers in ambula-
tory care practices from patient registries, electronic
health record (EHR) systems, population health man-
agement tools, or practice location demographic infor-
mation.11–13 The findings suggest that several layers of
barriers to achieving hypertension control may be
present for persons with a usual source of care: lack of
awareness, lack of any treatment, and lack of effective
treatment. If discrete patient populations experience
lack of control for different reasons, patient panels
should be stratified to reflect that variation in barriers to
awareness, treatment, or control and then paired with
targeted evidence-based interventions. We illustrate
how functions embedded within population health
management tools, EHRs, or data registries are avail-
able to support this strategy.14–19

METHODS
We used a combination of three 2-year cycles of the
National Health and Nutrition Examination Survey
(NHANES) data: 2007–2008, 2009–2010, and 2011–
2012 with demographic, healthcare access, and
healthcare use–related information from the interview
component and BP measurements from the physical
examination component. A participant was defined as
having elevated BP if their systolic BP (SBP) was
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≥140 mm Hg or their diastolic BP (DBP) was
≥90 mm Hg based on an average of up to three
measurements collected under a standard protocol.20

A participant was defined as being hypertensive if they
had an elevated BP or reported being treated for
the condition. Among those with hypertension: (1)
hypertension awareness was present if a participant
reported being told by a health professional that they
had hypertension; (2) hypertension treatment was
defined as a participant reporting that they had been
prescribed antihypertensive medicine by a healthcare
provider and were currently taking the prescribed
medication to lower their BP; and (3) hypertension
control was defined as a BP<140/90 mm Hg.
The focus of this studywas on participants with a usual

source of medical care, defined by confirming a usual or
more than one place to go when sick or in need of advice
about health. Number of annual visits for ambulatory
care (0, 1, 2–3, or 4 or more visits) were also included.
To mimic the analyses an ambulatory practice can use

to help identify subgroups among their hypertensive
patients,16,17,21 variation in status and prevalence at
each level of the hypertension control cascade––aware-
ness, treatment, and control––were examined by demo-
graphic data that practices are likely to collect including
sex, age, race/ethnicity, insurance coverage type, and
number of healthcare visits in the last year. Adults were
classified as aged 18 to 44 years, 45 to 64 years, and
65 years and older. Participants’ self-reported race/
ethnicity was defined as non-Hispanic white, non-
Hispanic black, Hispanic, or other (results not
reported). Participants’ health insurance was described
as Medicare (any Medicare, including Medicare Advan-
tage, or Fee for Service), private (including Medigap),
public (Medicaid, State Children’s Health Insurance
Plan, military health care, Indian Health Service, state-
sponsored, health plan, or other government insurance),
or uninsured (none or single service plan).
A sample of 16,820 adults was obtained after

applying the exclusions described in the Appendix.22

Within this sample, patients with hypertension and a
usual source of care (n=5,615) are used to estimate
patient awareness, treatment, and attainment of
hypertension control. Estimates of population totals
were generated using the US Census adult population
at the mid-point of each survey cycle and averaged
across the three cycles of NHANES data used in the
analysis.22

Statistical Analysis
Two-tailed chi-square tests were used for multinomial
data comparisons. Two-tailed t tests were performed to
assess differences between characteristic subgroups,
using a Bonferroni adjustment for multiple compar-
isons. Statistical significance was defined as a P value
<.05.23 All analyses were conducted using SAS version
9.3 (SAS Institute, Cary, NC) and SUDAAN version 10
(RTI International, Research Triangle Park, NC) and
accounted for the complex sample design.

RESULTS
The prevalence of hypertension among US adults during
2007–2012 was 30.7% (95% confidence interval [CI],
29.3%–32.1%), representing 69.8 million individuals,
which is presented in the hypertension control cascade
illustrated in the Figure. Of this sample, 65.4 million
individuals, or 93.7% (95% CI, 92.5%–94.7%)
reported having a usual source of medical care. Overall,
13.1 million adults (data not shown) were unaware that
they had hypertension and 10.7 million, or 16.3% (95%
CI, 14.7%–18.1%), of them reported having a usual
source of care. Among individuals with a usual source of
care who were aware of their hypertension, 3.8 million,
or 7.0% (95% CI, 5.9%–8.2%), were not receiving
treatment. Finally, 15.8 million, or 31.1% (95% CI,
29.3%–32.9%), of adults with a usual source of care
had uncontrolled hypertension even though they were
aware and treated.

Lack of Hypertension Awareness Among Persons
With a Usual Source of Care
Table I presents the prevalence of being unaware and
the number of individuals unaware of their hyperten-
sion among the 65.4 million US adults with hyperten-
sion and a usual source of care, by select
characteristics. Results from univariate chi-square tests
found that awareness was associated with all of the
select characteristics (P<.001 to P=.013). The preva-
lence of hypertension unawareness was found to be
significantly higher among the 2.4 million individuals
aged 18 to 44 years compared with individuals in the
two older age categories (26.6% vs 15.2% and 26.6%
vs 14.1%, respectively; P<.001 for both). The likeli-
hood of being unaware was also higher among the 1.7
million adults who had no healthcare visits in the past
year compared with the 1.8 million adults with one
visit (55.5% vs 27.1%; P<.001). For the 4.1 million
adults who had four or more visits in the past year and
the 3.1 million adults who had two or three visits, the
lack of awareness was lower than that for adults who
had only one visit (11.0% vs 27.1% [P<.001] and
16.5% vs 27.1% [P=.019], respectively).

Aware of Hypertension But Not Treated Among
Persons With a Usual Source of Care
Univariate chi-square tests (Table II) showed that
hypertension treatment was associated with the select
characteristics (P≤.001). The results also showed that
untreated hypertension prevalence was higher among
the 2.3 million men than the 1.5 million women (9.1%
vs 5.2%; P<.001), the 1.1 million individuals aged 18 to
44 years vs the 1.9 million aged 45 to 64 years (17.1%
vs 7.3%; P=.005) and vs the 0.8 million aged 65 years
or older (17.1% vs 3.7%; P<.001). Finally, the 0.6
million adults who had not received medical care in the
past year had a higher prevalence of untreated hyper-
tension compared with those 0.7 million adults seen
once (40.6% vs 14.7%; P<.001). Also, untreated
hypertension prevalence for persons seen once in the
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previous year was higher compared with the 1.1 million
adults who had 2 or 3 visits (14.7% vs 7.0%; P=.01)
and compared with the 1.4 million adults with four or
more visits (14.7% vs 4.4%; P<.001).

Aware and Receiving Treatment But Not in Control
Among Persons With a Usual Source of Care
Results from univariate chi-square tests (Table III)
showed that hypertension control was dependent on
age (P<.001), race/ethnicity (P<.001), and type of
insurance coverage (P<.001) but independent of sex
(P=.27) and frequency of annual care (P=.58). Uncon-
trolled hypertension was more prevalent among the 8.2
million individuals aged 65 years or older compared
with the 1.2 million individuals 18 to 44 years (37.4%
vs 22.0%; P<.001). Among those treated for their
hypertension, the 2.8 million non-Hispanic blacks and
the 1.5 million Hispanics had higher prevalences of

uncontrolled hypertension compared with the 10.8
million non-Hispanic whites (37.6% vs 29.1%
[P<.001] and 36.4% vs 29.1% [P=.008], respectively).
The 8.5 million Medicare beneficiaries had a higher
prevalence of uncontrolled hypertension than the 5.1
million individuals with private insurance (36.4% vs
25.9%; P<.001).

DISCUSSION
Our analysis of nationally representative NHANES data
demonstrates which subgroups of patients reporting a
usual source of care are more or less likely to have
uncontrolled hypertension as a result of being unaware
of their condition, aware but untreated, or treated but
remaining uncontrolled. We found that individuals of
Hispanic ethnicity and non-Hispanic blacks who were
aware of their condition are no less likely to receive
treatment compared with non-Hispanic whites, but they

FIGURE. Hypertension control cascade. aSystolic blood pressure ≥140 mmHg or diastolic blood pressure 90 mmHG; bSystolic blood pressure
≥120 and <140 mmHg or diastolic blood pressure ≥80 BP and <90 range; cSystolic blood pressure <120 mmHg or diastolic blood pressure
<80. CI indicates confidence interval.
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were more likely to be uncontrolled despite receiving
treatment. Similarly, Medicare beneficiaries were more
often aware of their hypertension and receiving treat-
ment, but had relatively high rates of uncontrolled
hypertension. Besides the confounding effect of age, this
may be due in part to treatment-resistant hypertension
being more prevalent among older patients.24,25 In
addition, despite being insured and receiving relatively
low-cost medications, Medicare patients may still face a
financial barrier to adherence and, hence control, when
they enter the Medicare prescription drug plan coverage
gap, also known as the “donut hole.”26,27 We also
found that younger individuals and those with few or no
visits for health care in the last year were often unaware
of their hypertension, and when aware they were less
likely to receive treatment.
These results provide physicians, other healthcare

providers, public health practitioners, policy makers,
insurers, community partners, and quality improvement
experts with a basic framework for targeting patients
most likely to be at-risk at each level of the hypertension
control cascade. While multiple stakeholders play
important roles in improving hypertension manage-
ment, the discussion will focus on the application of the
framework in the ambulatory practice setting. While
practices with limited EHR capabilities can apply the
information from the cascade to help tailor interven-

tions, this framework relies primarily on the functions
available in data-enabled population health manage-
ment tools to help identify subgroups of patients with
gaps in hypertension management, pair those patients
with effective interventions, and facilitate the imple-
mentation of the interventions. Patient registries, pop-
ulation health management tools, and EHRs meeting
the objectives of the meaningful use certification crite-
ria11–13 include functions to generate lists of patients by
specific conditions, send patient reminders, prompt
offers of patient education material, provide embedded
clinical content, and chart and report out changes in BP.
More specifically, ambulatory practices can apply data
query capabilities to select subgroups of underserved or
at-risk hypertensive patients and pair those patients
with targeted interventions, such as a follow-up visit to
confirm an elevated BP reading, initiate treatment, or
intensify treatment.15,18,19,28

Numerous strategies and interventions have been
found to be effective in controlling hypertension. For
example, changes in care team strategies (ie, engaging the
pharmacist in patient communications and having a
standard algorithm for adding medications) have been
found to reduce median SBP by 9.7 mm Hg and reduce
median DBP by 4.2 mm Hg,29 modest reductions in
therapeutic inertia have been shown to lower SBP by
>5 mm Hg,21 and medication reminders can increase

TABLE I. Prevalence of Being Unaware of Their High Blood Pressure Among Adults (≥18 Years) With Hypertension
Who Have a Usual Source of Health Care, by Select Characteristics––NHANES 2007–2012

Characteristics

Usual Source of Care Unaware of Hypertension
v2a/t Testb

Sample, No. % (95% CI) No % (95% CI) No P Value

Total 5615 93.7 (92.5–94.7) 65.4 16.3 (14.7–18.1) 10.7

Sex .006a

Male 2713 91.1 (89.3–92.7) 30.6 18.2 (16.1–20.4) 5.6

Female 2902 96.1 (95.1–96.9) 34.8 14.7 (12.8–16.9) 5.1 .069b

Age group, y <.001a

18–44 613 85.9 (82.1–89.0) 9.0 26.6 (21.3–32.6) 2.4 [Reference]

45–64 2255 92.7 (91.0–94.1) 30.0 15.2 (13.1–17.6) 4.6 .001b

65+ 2747 97.9 (97.2–98.5) 26.5 14.1 (12.3–16.2) 3.7 .001b

Race/ethnicity .013a

Non-Hispanic white 2649 95.3 (93.8–96.4) 47.4 16.5 (14.3–19.1) 7.8 [Reference]

Non-Hispanic black 1555 93.2 (91.6–94.5) 9.5 13.1 (11.0–15.5) 1.2 .335b

Hispanic 1086 84.7 (81.5–87.3) 5.3 19.3 (15.9–23.2) 1.0 1.000b

Insurance coverage type <.001a

Medicare 2870 98.2 (97.6–98.7) 27.9 13.5 (11.7–15.6) 3.8 .108b

Private 1580 95.1 (93.8–96.1) 26.2 18.6 (15.5–22.2) 4.9 [Reference]

Public 579 95.1 (91.6–97.2) 5.7 11.3 (7.7–16.2) 0.6 .134b

Uninsured 586 71.3 (65.4–76.6) 5.5 25.1 (21.7–28.8) 1.4 .060b

Times received health care in past year <.001a

0 252 60.0 (52.9–66.7) 3.1 55.5 (47.0–63.8) 1.7 <.001b

1 536 89.9 (86.5–92.5) 6.8 27.1 (21.4–33.7) 1.8 [Reference]

2–3 1557 95.3 (93.1–96.8) 18.7 16.5 (13.9–19.5) 3.1 .019b

≥4 3270 98.3 (97.3–98.9) 36.9 11.0 (9.3–12.9) 4.1 <.001b

Abbreviations: CI, confidence interval; NHANES, National Health and Nutrition Examination Survey. aP values for univariate chi-square test of

independence between characteristics and hypertension awareness status. bP values for univariate t test for difference in hypertension awareness

status against the reference category, Bonferroni adjusted (univariate P value times the number of comparisons).
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adherence to 66.6% compared with 54.7% in a control
group.30 Large-scale multifaceted initiatives to improve
hypertension control have seen control rates increase
from49%to66%between 2000 and200518 and increase
from 43.6% to 80.4% between 2001 and 2009.28

Addressing Lack of Awareness Among Persons With
Hypertension
Individuals seen for care no more than once in the past
year were the most likely to be unaware of their
hypertension. Increasing the frequency of visits for this
population could lead to improved BP control.19,31

Providers might target these patients by employing
follow-up visit reminders15 or automated outreach call
services aimed at increasing visit adherence.14 In addi-
tion, healthcare practices can engage in targeted
outreach efforts with community partners by partici-
pating in BP screening events to identify persons
unaware of their hypertension.17 In particular, insurers’,
employers’, or community-based hypertension aware-
ness campaigns might also focus on adults younger than
45 years, who are at greatest risk for being unaware of
their hypertension. Others may be unaware because of
inaccurate BP readings in the office, inappropriate
labeling as having white-coat hypertension, or as a
result of inadequate follow-up. These patients could be

better engaged in care if they were provided fact sheets
or other patient education materials embedded within
the EHR29 or if they self-monitored their BP and
brought in readings taken at home for review at an
appointment when having limited access to EHRs.
Health professionals and care teams might also employ
population health management tools or conduct queries
of their EHR or registry data to screen for patients and
create patient lists of those with an elevated BP at the
last reading who do not carry a diagnosis of hyperten-
sion in their record32 and those for whom hypertension
might not be a priority or the primary reason for seeking
care or attending an office visit.18,33

Addressing Lack of Treatment Among Persons With
Diagnosed Hypertension
The cascade analysis also shows that certain patient
subgroups are more likely to remain untreated despite a
recognized diagnosis of hypertension. Lack of treatment
could be addressed through employing automated
means to identify and reach out to younger patients
and those who had not been seen for care in the last
year.14,15 In general, there are two possible causes for
lack of current treatment for hypertension: noninitiation
of therapy34 or lack of persistence with therapy.35,36 An
EHR or registry generated prior and active medication

TABLE II. Prevalence of Being Untreated for High Blood Pressure Among Adults (≥18 Years) With Hypertension
Who Have a Usual Source of Health Care and Are Aware of Their Hypertension, by Select Characteristics––NHANES
2007–2012

Characteristics

Aware Untreated
v2a/t Testb

Sample, No. % (95% CI) No % (95% CI) No P Value

Total 4737 83.7 (81.9–85.3) 54.7 7.0 (5.9–8.2) 3.8

Sex <.001a

Male 2240 81.8 (79.6–83.9) 25.0 9.1 (7.6–10.8) 2.3

Female 2497 85.3 (83.1–87.2) 29.7 5.2 (4.2–6.5) 1.5 <.001b

Age group, y <.001a

18–44 450 73.4 (67.4–78.7) 6.6 17.1 (12.9–22.3) 1.1 [Reference]

45–64 1929 84.8 (82.4–86.9) 25.4 7.3 (5.7–9.2) 1.9 .005b

65+ 2358 85.9 (83.8–87.7) 22.7 3.7 (2.8–4.9) 0.8 <.001b

Race/ethnicity .001a

Non-Hispanic white 2220 83.5 (80.9–85.7) 39.6 6.4 (5.1–7.9) 2.5 [Reference]

Non-Hispanic black 1363 86.9 (84.5–89.0) 8.2 9.4 (7.6–11.6) 0.8 .072b

Hispanic 893 80.7 (76.8–84.1) 4.3 6.4 (4.2–9.6) 0.3 1.000b

Insurance coverage type <.001a

Medicare 2480 86.5 (84.4–88.3) 24.2 3.9 (2.9–5.2) 0.9 .002b

Private 1283 81.4 (77.8–84.5) 21.3 8.5 (6.6–11.0) 1.8 [Reference]

Public 511 88.7 (83.8–92.3) 5.1 7.5 (4.9–11.3) 0.4 1.000b

Uninsured 455 74.9 (71.2–78.3) 4.1 16.2 (12.4–20.8) 0.7 .057b

Times received health care in past year <.001a

0 109 44.5 (36.2–53.0) 1.4 40.6 (30–52.1) 0.6 <.001b

1 379 72.9 (66.3–78.6) 5.0 14.7 (10.5–20.3) 0.7 [Reference]

2–3 1311 83.5 (80.5–86.1) 15.6 7.0 (5.1–9.5) 1.1 .010b

≥4 2930 89.0 (87.1–90.7) 32.8 4.4 (3.4–5.6) 1.4 <.001b

Abbreviations: CI, confidence interval; NHANES, National Health and Nutrition Examination Survey. aP values for univariate chi-square test of

independence between characteristics and hypertension awareness status. bP values for univariate t test for difference in hypertension awareness

status against the reference category, Bonferroni adjusted (univariate P value times the number of comparisons).
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list might aid in determining the prevalence of each of
these causes. In addition, some systems are able to
generate a list of potentially hypertensive patients never
prescribed antihypertensive medications or a list of
patients who received an initial prescription but failed
to refill it over time. Treatment protocols and standard-
ized algorithms embedded within EHRs can aid in
prioritizing the initiation of therapy.18,34,37,38 Persons in
low-resource settings with limited access or use of EHRs
can utilize certain communication techniques, such as
using a “teach-back” method, to improve medication
adherence.39

Addressing Lack of Therapeutic Effectiveness
Racial and ethnicminorities and those older than 65 years
(or on Medicare) are often taking antihypertensive
therapy but not controlled. There are several common
reasons for therapeutic ineffectiveness in these groups
that might be remedied by changing improvement
targets.40 For instance, failure to change or increase
therapy for patients who are not at goal (“therapeutic
inertia”)41,42 can be addressed by leveraging EHRs to
implement treatment algorithms and protocols,16,28,38

utilizing clinical decision support tools embedded within
EHRs including a 2-week follow-up process and patient
reminders,19 and changes in team care.43–46 Treatment-
resistant hypertension is related to age, patient factors,

and medical causes of secondary hypertension47 and can
be explored by implementing streamlined referral path-
ways35 and pushing EHR alerts to providers when the BP
is elevated.30

Research has also shown that non-Hispanic black
patients with hypertension may be less likely than their
counterparts to be controlled with fewer than three
drugs.48 Uncontrolled patients who are older, Hispanic,
or non-Hispanic black who are not taking at least three
BP medications could be identified with customized
queries of data registries or by reviewing patient records
when facing limitations to EHR capabilites.21,47 Non-
adherence in these subgroups can also be addressed by
using structured assessments of adherence,49 improving
provider communication,29,46 and overcoming language
barriers.50 Other strategies rely on using population
health management functions to identify patients in
need of educational resources, offer patients
topic-specific materials, and track prescribing patterns
(eg, use of dual-agent therapies,28 90-day prescriptions,
and automatic refills).

LIMITATIONS
The findings in this study are subject to several
limitations. First, NHANES data are restricted to the
civilian noninstitutionalized population; thus, results
from this study are not generalizable to individuals in

TABLE III. Prevalence of Uncontrolled Blood Pressure Among Adults (≥18 Years) With Hypertension Who Have a
Usual Source of Health Care, Are Aware of Their Hypertension, and Are Currently Treated, by Select Characteristics
––NHANES 2007–2012

Characteristics

Treated Uncontrolled
v2a/t Testb

Sample. No. % (95% CI) No % (95% CI) No P Value

Total 4413 93.0 (91.8–94.1) 50.9 31.1 (29.3–32.9) 15.8

Sex .265a

Male 2050 90.9 (89.2–92.4) 22.8 30.1 (28.0–32.4) 6.9

Female 2363 94.8 (93.5–95.8) 28.2 31.8 (29.5–34.3) 9.0 1.00b

Age group, y <.001a

18–44 367 82.9 (77.7–87.1) 5.5 22.0 (17.6–27.3) 1.2 [Reference]

45–64 1783 92.7 (90.8–94.3) 23.6 27.3 (24.9–29.8) 6.4 .545b

65+ 2263 96.3 (95.1–97.2) 21.9 37.4 (34.9–40.1) 8.2 <.001b

Race/ethnicity <.001a

Non-Hispanic white 2086 93.6 (92.1–94.9) 37.1 29.1 (27.1–31.2) 10.8 [Reference]

Non-Hispanic black 1249 90.6 (88.4–92.4) 7.5 37.6 (34.8–40.4) 2.8 <.001b

Hispanic 841 93.6 (90.4–95.8) 4.0 36.4 (33.0–39.9) 1.5 .008b

Insurance coverage type <.001a

Medicare 2383 96.1 (94.8–97.1) 23.2 36.4 (33.8–39.1) 8.5 <.001b

Private 1170 91.5 (89.0–93.4) 19.5 25.9 (23.3–28.8) 5.1 [Reference]

Public 470 92.5 (88.7–95.1) 4.7 24.0 (19.4–29.3) 1.1 1.000b

Uninsured 384 83.8 (79.2–87.6) 3.5 33.9 (27.5–41.0) 1.2 .460b

Times received health care in past year .579a

0 58 59.4 (47.9–70.0) 0.8 40.9 (26.3–57.4) 0.3 1.000b

1 324 85.3 (79.7–89.5) 4.2 30.6 (24.0–38.0) 1.3 [Reference]

2–3 1217 93.0 (90.5–94.9) 14.5 31.8 (28.5–35.3) 4.6 1.000b

≥4 2808 95.6 (94.4–96.6) 31.4 30.5 (28.6–32.5) 9.6 1.000b

Abbreviations: CI, confidence interval; NHANES, National Health and Nutrition Examination Survey. aP values for univariate chi-square test of

independence between characteristics and hypertension awareness status. bP values for univariate t test for difference in hypertension awareness

status against the reference category, Bonferroni adjusted (univariate P value times the number of comparisons).
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long-term care facilities or prisons or to military
personnel. Second, although NHANES collects up to
three BP readings for each participant, they are taken
during a single visit to the Mobile Examination Center,
while clinical hypertension diagnosis standards require
two or more visits.35 Still, the standardized measure-
ment of BP makes NHANES the best source of national
data on hypertension. Third, usual source of care
includes any place an individual goes for care, which
can include emergency rooms, clinics, or other places
not having a focus on preventive services. Our results
might therefore overestimate the proportion of patients
with regular primary care.

CONCLUSIONS
The analysis of national-level data shows that opportu-
nities for improvement in hypertension control exist at
each level of the hypertension control cascade. Aided by
the functions increasingly becoming available in EHRs
and population health management tools, the analysis
provides a framework to identify patient subgroups based
on characteristics known to providers at the practice level
and pair them with targeted interventions. By relying on
strategies tailored to hypertension management at a
specific level of the control cascade for the patients they
serve, healthcare providers and the delivery system can
move towards meeting national goals for hypertension
control. The increased adoption of EHRs and the
increased utilization of EHR-embedded functions will
continue to be key contributors to the success of these
efforts.
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Appendix

The continuous survey uses a multistage, clustered
sample, designed to be representative of the civilian,
noninstitutionalized population of the United States.
The average response rate across these cycles was
74.1% (75.4% in 2007–2008, 77.3% in 2009–2010,
and 69.5% in 2011–2012).
During the 2007–2012 cycles of National Health and

Nutrition Examination Survey (NHANES), 17,788 non-
pregnant adults 18 years and older were examined. A
totalof986participantswereexcludedbecause therewere
no blood pressure (BP) measurements (n=870) or there
was missing information on BP-lowering medication use
(n=6), awareness (n=24), usual source of care (n=1), or
there were missing data on covariates of interest (n=74).
Some participants were excluded based onmore than one
criterion, yielding an analytic sample of 16,820 adults.
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