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BACKGROUND: Prior studies have reported a decrease in the proportion of US adults with hypertension who had controlled blood
pressure (BP).

METHODS: We analyzed data from the National Health and Nutrition Examination Survey (n = 25,128, >18 years of age) to determine
changes in BP control from 2013-2014 to 2021-2023. Hypertension was defined as systolic BP >140 mm Hg, diastolic BP >90 mm Hg, or
antihypertensive medication use. BP control was defined as systolic BP <140 mm Hg and diastolic BP <90 mm Hg.

RESULTS: The age-adjusted prevalence of hypertension (95% CI) was 32.8% (31.2%-34.4%) in 2013-2014 and 32.0% (30.1%-33.9%) in
2021-2023. Among US adults with hypertension, the age-adjusted proportion (95% CI) with controlled BP was 54.1% (49.1%-59.2%),
48.6% (44.5%-52.7%), and 48.3% (45.8%-50.8%) in 2013-2014, 2015-2016, and 2017-2020, respectively, (P-trend = 0.058), and 51.1%
(47.9%-54.3%) in 2021-2023 (P-value = 0.184 comparing 2021-2023 vs. 2017-2020). The proportion (95% CI) of US adults taking anti-
hypertensive medication with controlled BP was 72.0% (68.5%-75.5%), 66.7% (62.9%-70.5%), and 67.8% (65.3%-70.3%) in 2013-2014,
2015-2016, and 2017-2020, respectively, (P-trend = 0.085), and 68.3% (64.8%-71.9%) in 2021-2023 (P-value = 0.654 comparing 2021-2023
vs. 2017-2020). Among non-Hispanic Black adults, BP control increased from 37.4% (95% CI 33.6%—41.1%) to 49.6% (95% CI 42.3%-56.9%)
between 2017-2020 and 2021-2023 for those with hypertension (P-value = 0.005), and from 52.6% (95% CI 47.4%-57.8%) to 62.6% (95%
CI 55.6%-69.7%) for those taking antihypertensive medication (P-value = 0.033). There was no difference in BP control across race/
ethnicity groups in 2021-2023.

CONCLUSIONS: The decline in BP control from 2013-2014 to 2017-2020 did not continue through 2021-2023. An increase in BP control
occurred from 2017-2020 and 2021-2023 among non-Hispanic Black adults.
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More cardiovascular disease (CVD) events can be attributed to
high blood pressure (BP) than any other modifiable risk factor.*?
The proportion of US adults with hypertension that had con-
trolled BP, defined as systolic BP (SBP) <140 mm Hg and diastolic
BP (DBP) <90 mm Hg, increased from 31.8% in 1999-2000 to 53.8%
in 2013-2014.° However, this trend was reversed and in 2017-2020,
48.2% of US adults with hypertension had controlled BP.* The
decline in controlled BP was larger among older adults, women,
and non-Hispanic Black adults.?

The coronavirus disease 2019 (COVID-19) pandemic resulted
in disruptions in healthcare services and limited access to care,
including reduced BP screenings to identify hypertension and
reduced BP monitoring for medication titration among those
with hypertension.>® Data from healthcare systems suggest the
proportion of US adults with controlled BP may have declined

during the COVID-19 pandemic.®** However, these studies were
conducted among people who received healthcare, and many
people may have avoided healthcare visits during the pandemic.®
Determining if declines in BP control have continued during and
after the COVID-19 pandemic among a general population sam-
ple of US adults can inform and direct interventions and policies
to increase BP control.

The goal of the current study was to determine if the decline
in BP control from 2013-2014 to 2017-2020 has continued
through 2021-2023 in a population sample of US adults. A sec-
ondary goal was to examine changes in BP control within sub-
groups and to determine demographic and healthcare factors
associated with BP control. To achieve these goals, we analyzed
data from the US National Health and Nutrition Examination
Survey (NHANES).

Received 1 November 2024; accepted 4 November 2024.

© The Author(s) 2024. Published by Oxford University Press on behalf of American Journal of Hypertension, Ltd.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (https://creativecommons.
org/licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not
altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact reprints@oup.com for reprints and translation
rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article page on our site—for further

information please contact iournals.permissions@oup.com.



METHODS

NHANES is conducted in 2-year cycles by the National Center
for Health Statistics of the Centers for Disease Control and
Prevention. In each cycle, NHANES enrolled a sample of the civil-
ian, non-institutionalized US population. For the current analysis,
we included data from four NHANES periods, 2013-2014, 2015-
2016, 2017-2020, and 2021-2023. We chose 2013-2014 as the ear-
liest period as a prior analysis found BP control among US adults
with hypertension started to decline at this time.* The exami-
nation response rates in 2013-2014, 2015-2016, 2017-2020, and
2021-2023 were 68.5%, 58.7%, 46.9%, and 25.6%, respectively.’? The
protocols for each NHANES cycle were approved by the National
Center for Health Statistics of the Centers for Disease Control and
Prevention Institutional Review Board. Written informed consent
was obtained from each participant.

Data collection

Data for NHANES were collected through interviews and physi-
cal examinations. Age, gender, race, ethnicity, education received,
total annual family income, having a routine place to receive
healthcare, and type of health insurance were self-reported. Using
self-reported family income and US Department of Health and
Human Services poverty guidelines, the ratio of family income to
poverty was calculated and divided into 4 approximately equal
groupings <1, 1 to <2, 2 to <4, and >4.

BP measurement

In NHANES 2013-2014 and 2015-2016, a trained physician meas-
ured BP using a mercury sphygmomanometer. In 2017-2020
and 2021-2023, a health technician measured BP using a val-
idated oscillometric device (Omron HEM-907XL). There were
4,417 NHANES 2017-2018 participants who had SBP and DBP
measured with both devices.”” We added 1.5mm Hg to the
oscillometric-measured SBP and subtracted 1.3 mm Hg from the
oscillometric-measured DBP for participants in the 2017-2020
and 2021-2023 cycles, to calibrate the oscillometric device values
to the mercury device values.* The average of up to three meas-
urements from a single visit was used to define SBP and DBP.

Definitions of hypertension, awareness,
treatment, and BP control

We defined hypertension as SBP >140 mm Hg and/or DBP >90 mm
Hg and/or self-reported antihypertensive medication use.*
Among participants with hypertension, those answering “yes”
to the question “Have you ever been told by a doctor or other
healthcare professional that you had hypertension, also called
high blood pressure?” were categorized as being aware of having
hypertension. Antihypertensive medication use was self-reported.
BP control was defined as SBP <140 mm Hg and DBP <90 mm Hg.™*

Statistical analysis

We restricted the analyses to NHANES participants who were
>18 years of age and completed both the NHANES interview and
examination (n=26,961). We excluded participants who were
pregnant (n=263), missing SBP and DBP data (n=1,535), and
missing data on antihypertensive medication use (n = 35). After
these exclusions were applied, we included 25,128 participants in
the analyses (Supplementary Figure S1).

We estimated the distribution of participant characteristics
including age (18-44, 45-64, 65-74, and >75 years), gender, and
race and ethnicity (Hispanic, non-Hispanic Asian, non-Hispanic
Black, non-Hispanic White, and other including more than one
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race), education, family income-to-poverty ratio, having a rou-
tine place to receive healthcare and type of health insurance, the
age-adjusted mean SBP and DBP, and the age-adjusted distribu-
tion of BP categories (SBP/DBP <120/80, 120-129/<80, 130-139/80-
89, and >140/90 mm Hg) for US adults in each period (2013-2014,
2015-2016, 2017-2020, and 2021-2023).

Next, we estimated the age-adjusted prevalence of hyper-
tension and the proportion of US adults with hypertension who
were aware they had hypertension. Among those who were aware
they had hypertension, we calculated the age-adjusted propor-
tion who reported taking antihypertensive medication. The age-
adjusted proportion with BP control was estimated for those with
hypertension and among those taking antihypertensive medica-
tion. In addition to calculating the age-adjusted proportion of US
adults with hypertension, aware, treated, and with controlled BP
for the overall population, we calculated these statistics in sub-
groups defined by participant characteristics. The presence of
linear trends for the age-adjusted prevalence of hypertension,
awareness, treatment, and BP control from 2013-2014 through
2021-2023 was assessed using logistic regression with adjust-
ment for age categories and modeling the mid-point of each time
period.” In addition, we assessed the linear trend from 2013-2014
to 2017-2020 and the change from 2017-2020 to 2021-2023 using
logistic regression with adjustment for age categories.

Using data from the most recent cycle, NHANES 2021-2023,
Poisson regression with robust variance estimates was used to
estimate prevalence ratios for hypertension awareness and treat-
ment among those with hypertension. Prevalence ratios were
also estimated for BP control among those with hypertension
and among those taking antihypertensive medication. Prevalence
ratios were estimated for participant characteristics, with an
initial model adjusting for age group, gender, and race/ethnicity
and a second model adjusting for all of the variables simulta-
neously. As a post hoc analysis, we used Poisson regression mod-
els to examine characteristics explaining changes in BP control
between 2017-2020 and 2021-2023 among non-Hispanic Black
adults. We estimated the percent reduction in the increase in BP
control after adjustment for all participant characteristics simul-
taneously vs. age and gender adjustment.

In secondary analyses, we defined hypertension and BP control
according to the 2017 American College of Cardiology/American
Heart Association (ACC/AHA) BP guideline.’® In these analyses,
hypertension was defined as SBP >130 mm Hg and/or DBP >80 mm
Hg and/or self-reported antihypertensive medication use, and BP
control was defined as SBP <130 mm Hg and DBP <80 mm Hg.

Age adjustment was performed using direct standardization.
The age distribution of the standard population was set to all US
adults in 2013-2023 when estimating the prevalence of hyper-
tension (18-44 years: 45.5%, 45-64 years: 34.3%, 65-74 years:
12.4% and >75 years: 7.7%) and US adults with hypertension
for the analyses of hypertension awareness and treatment and
BP control (18-44 years: 13.8%, 45-64 years: 44.5%, 65-74 years:
24.4% and >75 years: 17.3%). All estimates were weighted using
the NHANES examination sample weights. Data analysis was
conducted using R-4.2.3 (R Foundation for Statistical Computing,
Vienna, Austria). NHANES data are available on the Centers for
Disease Control and Prevention website.

RESULTS

Participant characteristics for US adults in each period are pro-
vided in Table 1. The age-adjusted mean SBP increased from
2013-2014 to 2017-2020, while DBP increased from 2013-2014 to
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Table 1. Demographic characteristics of US adults in 2013-2014, 2015-2016, 2017-2020, and 2021-2023

Characteristic Calendar period
2013-2014 2015-2016 2017-2020 2021-2023
(n=5,633) (n=5,484) (n=7,934) (n=6,077)
Age group, y
18-44 47.2 (44.9, 49.6) 447 (41.5, 48.0) 44.6 (41.6,47.6) 45.6 (42.6, 48.6)
45-64 34.8 (32.8,36.8) 35.0(32.8,37.3) 35.0(33.3, 36.6) 32.5(30.2, 35.0)
65-74 11.0 (10.0, 12.0) 12.3 (10.9, 14.0) 12.9 (11.0, 15.0) 13.5 (12.5, 14.7)
>75 7.04 (5.79, 8.54) 7.90 (6.31, 9.85) 7.59 (6.58, 8.75) 8.35(7.05,9.87)
Sex
Men 48.9 (47.5, 50.3) 48.9 (47.6,50.2) 49.3 (47.4,51.2) 49.3 (47.9,50.7)
Women 51.1 (49.7,52.5) 51.1(49.8,52.4) 50.7 (48.8,52.6) 50.7 (49.3,52.1)

Race-ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic
Other including more than one race

Education
Less than high school
High school graduate?
College graduate

Income-to-poverty ratio

65.7 (58.7,72.1)
11.3 (8.30, 15.2)
5.29 (4.10, 6.80)
14.9 (10.7,20.5)
2.74 (1.88,3.97)

15.0 (12.0, 18.6)
54.3 (51.7,57.0)
30.7 (26.6, 35.0)

64.0 (55.3,71.8) 63.9 (59.0, 68.6) 60.3 (56.0, 64.3)
11.3 (7.45, 16.9) 11.2 (8.63, 14.4) 10.7 (8.17, 13.9)
5.63 (3.56, 8.79) 5.49 (4.01,7.48) 6.18 (4.13,9.14)
15.4 (10.6, 21.9) 15.3 (12.5, 18.5) 16.7 (11.8, 23.2)
3.64 (2.94, 4.49) 4.15 (3.46, 4.98) 6.15 (5.18,7.29)

14.2 (10.9, 18.3)
53.6 (49.0, 58.0)
32.2(26.1,38.9)

10.2 (9.16, 11.3)
58.0 (54.1,61.8)
31.8(27.8,36.2)

10.1 (8.25, 12.4)
55.7 (50.5, 60.7)
34.2 (28.2,40.8)

14.4 (11.8,17.5) 12.7 (10.9, 14.8) 13.9 (11.3,17.0)
205 (17.9,23.3) 18.9 (17.1,20.9) 194 (16.5,22.7)
28.2 (24.7,32.1) 28.3 (26.0,30.8) 30.0 (27.5,32.7)
36.9 (30.7, 43.6) 40.0 (36.5,43.6) 36.7 (31.3,42.5)

17.1 (15.4, 18.9)
82.9 (81.1, 84.6)

16.3 (14.3, 18.6)
83.7 (81.4,85.7)

13.8 (11.8, 16.0)
86.2 (84.0, 88.2)

<1 15.9 (12,5, 19.8)
1to <2 21.4 (18.9, 24.3)
2to <4 28.5(26.0,31.2)
4+ 34.2 (29.0, 39.7)
Routine place to go for healthcare
No 16.3 (14.7,17.9)
Yes 83.7 (82.1, 85.3)
Health insurance®
None 18.1 (15.8, 20.8)
Private 52.6 (49.0,56.3)
Medicare 17.5 (16.4,18.7)
Medicaid 6.08 (4.87,7.57)
Other government insurance 5.65 (4.64, 6.87)

13.7 (11.1, 16.7) 13.0 (10.7, 15.7) 9.37 (7.53,11.6)
51.2 (46.6, 55.8) 49.0 (46.1,51.8) 46.9 (43.1,50.6)
21.0 (18.5,23.7) 22.4(19.9, 25.1) 24.8 (22.7,27.1)
5.42 (3.87,7.54) 7.86 (6.65,9.27) 8.80 (7.26, 10.6)
8.68 (7.47,10.1) 7.78 (6.54,9.23) 10.1 (841, 12.2)

Numbers in the table are estimated percentages (95% confidence interval) of the US adult population.

High school graduates include participants who reported graduating high school with or without some college education.

Participants with Medicare and other types of insurance were categorized as Medicare. Those without Medicare but private insurance were considered to have
private insurance, regardless of whether they had Medicaid or other government insurance.

2021-2023 (Supplementary Table S1). The age-adjusted propor-
tion of US adults with SBP/DBP >140/90 mm Hg increased from
14.5% in 2013-2014 to 17.3% in 2017-2020 and then decreased to
15.8% in 2021-2023.

Hypertension prevalence

There was no evidence of a change in the age-adjusted prevalence
of hypertension from 2013-2014 (32.8%) to 2021-2023 (32.0%)
(Table 2, Supplementary Figure S2). Among US adults aged >75
years, the prevalence of hypertension was lower in 2021-2023
(68.8%) compared with 2017-2020 (74.5%).

Hypertension awareness and treatment

The age-adjusted proportion of US adults who were aware they
had hypertension decreased from 84.9% in 2013-2014 to 79.2%
in 2017-2020, and 81.6% of US adults were aware they had
hypertension in 2021-2023 (Supplementary Table S2 and Figure
S3). Between 2017-2020 and 2021-2023, hypertension aware-
ness decreased among adults aged 18-44 years of age. From
2013-2014 to 2021-2023, the age-adjusted proportion of adults
aware of their hypertension who were taking antihypertensive
medication increased from 88.9% to 91.6% (Supplementary
Table S3). Between 2017-2020 and 2021-2023, the use of anti-
hypertensive medication increased among non-Hispanic Black
adults, those with less than a high school education, those

with no routine place to receive healthcare, and those without
health insurance.

In 2021-2023, after multivariable adjustment, hypertension
awareness was more likely among adults aged 45-64, 65-74,
and >75 years vs. those aged 18-44 years, with a high school
vs. less than high school education, with vs. without a routine
place to receive healthcare, and with Medicaid vs. no insurance
(Supplementary Table S4). Among those aware of their hyperten-
sion, adults aged 45-64, 65-74, and >75 years vs. those aged 18-44
years, those with vs. without a routine place to receive health-
care, and those with Medicaid vs. no insurance were more likely
to be taking antihypertensive medication after multivariable
adjustment.

BP control

The age-adjusted proportion of adults with hypertension who
had controlled BP decreased from 54.1% in 2013-2014 to 48.6% in
2017-2020 and was 51.1% in 2021-2023 (Figure 1). Among adults
taking antihypertensive medication, the age-adjusted proportion
who had controlled BP decreased from 72.0% in 2013-2014 to
67.8% in 2017-2020 and was 68.3% in 2021-2023.

BP control decreased from 2013-2014 to 2017-2020, then
increased between 2017-2020 and 2021-2023 among US
adults with hypertension aged >75 years, women, who were
non-Hispanic Black or Hispanic adults, with less than high
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Table 2. Age-specific and age-adjusted prevalence of hypertension among US adults in 2013-2014, 2015-2016, 2017-2020, and 2021-
2023, overall and in subgroups

Characteristic Calendar period P values for change over time
2013-2014 2015-2016 2017-2020 2021-2023 2013-2014 2013-2014 2021-2023
through through vs.
2021-2023 2017-2020 2017-2020
Overall 32.8(31.2,344) 31.8(29.7,33.9) 33.1(31.4,34.9) 32.0(30.1,33.9) 0.778 0.665 0.392
Age group, y
18-44 10.1 (8.69,11.4) 10.2 (8.09,12.3) 9.75(8.28,11.2) 9.34(7.80,10.9) 0.440 0.753 0.707
45-64 41.2 (38.2,44.1) 40.4 (36.9,43.9) 43.6 (40.3,47.0) 43.0(39.8,46.2) 0.245 0.254 0.798
65-74 66.4 (62.9,69.9) 62.3(55.6,68.9) 64.1(59.9,68.3) 61.8(58.0,65.6) 0.248 0.519 0.426
>75 75.0(70.7,79.4) 72.2(67.3,77.1) 745 (70.9,78.2) 68.8 (64.6,73.0) 0.077 0.946 0.051
Sex
Men 33.7(31.8,35.6) 32.5(29.7,35.4) 34.4(32.1,36.6) 32.9(30.4,354) 0.936 0.570 0.439
Women 31.8(29.5,34.0) 30.8(28.7,32.9) 31.8(30.0,33.7) 30.9(29.2,32.6) 0.642 0.897 0.437
Race-ethnicity
Non-Hispanic White 31.6(29.7,33.5) 30.3(27.4,33.2) 30.9(28.5,33.4) 29.7 (27.5,31.8) 0.261 0.705 0.406
Non-Hispanic Black 448 (42.3,47.3) 44.0 (40.6,47.4) 46.9 (44.6,49.3) 46.9 (43.9,49.9) 0.171 0.219 0.953
Non-Hispanic Asian 29.9(26.7,33.1) 28.6(25.3,31.8) 33.9(31.2,36.6) 31.7(27.0,36.3) 0.367 0.060 0.504
Hispanic 29.3(26.1,32.6) 31.0(28.1,33.9) 33.6(30.2,36.9) 32.4(28.8,36.0) 0.409 0.221 0.734
Other including more 35.6 (28.1,43.1) 36.6(29.9,43.3) 36.5(30.9,42.0) 32.7 (27.9,37.5) 0.488 0.721 0.368
than one race
Education
Less than high school 36.2(32.9,39.5) 36.9(33.7,40.2) 38.9(35.9,42.0) 35.9(32.9,38.9) 0.951 0.247 0.152
High school graduate 36.4 (34.3,38.5) 34.2(32.1,36.4) 36.8(35.0,38.6) 346 (33.1,36.0) 0.432 0.604 0.058
College graduate 26.0(23.7,28.3) 26.4(24.1,28.8) 255(22.8,28.1) 27.2(23.8,30.6) 0.644 0.718 0.428
Income-to-poverty ratio
<1 36.0 (34.2,37.8) 37.1 37.7 (35.3,40.1) 37.6 (34.5,40.8) 0.321 0.299 0.904
(33.5, 40.7)
1to<2 36.2(32.9,39.4) 35.2(32.0,38.3) 35.4(33.0,37.8) 34.8(32.9,36.6) 0.508 0.709 0.676
2to <4 33.0(30.1,35.9) 33.5(31.1,359) 34.3(30.2,38.3) 33.8(31.5,36.0) 0.769 0.611 0.738
4+ 29.7 (27.6,31.9) 28.1(24.6,31.5) 30.3(27.1,33.6) 28.0(25.0,30.9) 0.747 0.653 0.335
Routine place to go for healthcare
No 22.3(17.6,27.0) 24.1(18.7,29.4) 255(21.0,29.9) 22.9 (18.6,27.2) 0.325 0.036 0.352
Yes 342(32.5,35.9) 33.0(30.8,35.2) 34.1(32.1,36.0) 33.0(31.1,34.9) 0.578 0.974 0.442
Health insurance®
None 273(21.3,33.3) 30.4(27.4,33.4) 354(31.7,39.0) 29.4(24.7,34.1) 0.821 0.262 0.189
Private 30.9(28.3,33.4) 31.7(28.1,35.3) 32.9(30.1,35.7) 30.8(26.7,35.0) 0.581 0.978 0.655
Medicare 495(39.3,59.7) 452 (355 54.9) 43.6(37.8,49.4) 36.6(30.1,43.0) 0.055 0.361 0.139
Medicaid 39.3(35.1,43.5) 41.4(36.5,46.2) 40.4 (34.6,46.2) 31.8(25.9,37.8) 0.270 0.132 0.026
Other government 33.2(27.8,38.7) 33.2(28.6,37.8) 356 (28.9,42.2) 358 (29.2,42.3) 0.993 0.608 0.583
insurance

Numbers in the table are estimated percentage (95% confidence interval) with hypertension. Hypertension was defined according to the Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure as systolic blood pressure >140 mm Hg, and/or diastolic
blood pressure =90 mm Hg and/or self-reported antihypertensive medication use.
aHigh school graduates include participants who reported graduating high school with or without some college education.

Participants with Medicare and other types of insurance were categorized as Medicare. Those without Medicare but private insurance were considered to have
private insurance, regardless of whether they had Medicaid or other government insurance.
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Figure 1. The age-adjusted proportion of US adults with controlled blood pressure among those with hypertension and taking antihypertensive

medication.
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school education, with a family income-to-poverty ratio 1 to
<2, and with Medicare health insurance, (Table 3). Among non-
Hispanic Asian adults, BP control increased from 2013-2014 to
2021-2023. Among adults aged 65-74 and >75 years, women, and
non-Hispanic Black adults taking antihypertensive medication,
BP decreased from 2013-2014 to 2017-2020 and then increased
from 2017-2020 to 2021-2023 (Table 4). Among those with other
government insurance taking antihypertensive medication, BP
control increased from 2013-2014 to 2017-2020, with no evi-
dence of a difference from 2017-2020 to 2021-2023. Among
those with no routine place of care, BP control increased from
2013-2014 to 2017-2020 and then decreased from 2017-2020 to
2021-2023.

In 2021-2023 and after multivariable adjustment, controlled
BP was more likely among those aged 45-64 years vs. those aged
18-44 years, with family income-to-poverty ratio 2 to <4 and >4
vs. <1, with vs. without a routine place for healthcare, and with
Medicare, Medicaid or other government health insurance vs. no
health insurance (Table 5). In 2021-2023 and after multivariable
adjustment, controlled BP among adults taking antihypertensive

medication was more likely among those with high school or
college education vs. less than high school education and with a
family income-to-poverty ratio >4 vs. <1. There was no difference
in controlled BP by race/ethnicity in 2021-2023.

Factors explaining the increase in BP control
among non-Hispanic Black adults from 2017-
2020 to 2021-2023

Education, income-to-poverty ratio, having a routine place to go for
healthcare, and health insurance explained 29.7% and 23.8% of the
increase in BP control between 2021-2023 and 2017-2020 among
non-Hispanic Black adults with hypertension and taking antihy-
pertensive medication, respectively, (Supplementary Table S5).

Hypertension and BP control are defined using
the 2017 ACC/AHA BP Guideline

In 2013-2014, 2015-2016, 2017-2020, and 2021-2023, the
age-standardized proportion of US adults with hypertension
defined by the 2017 ACC/AHA BP guideline was 45.1%, 46.1%,

Table 3. The age-specific and age-adjusted proportion of US adults with hypertension that had controlled blood pressure in
2013-2014, 2015-2016, 2017-2020, and 2021-2023, overall and in subgroups

Characteristic Calendar period P values for change over time
2013-2014 2015-2016 2017-2020 2021-2023 2013-2014 2013-2014 2021-2023
through through vs.
2021-2023 2017-2020 2017-2020
Overall 54.1(49.1,59.2) 48.6 (445 52.7) 483 (45.8,50.8) 51.1(47.9,54.3) 0.544 0.058 0.184
Age group, y
18-44 446 (38.3,50.8) 40.0 (34.0,46.0) 40.3(30.8,49.8) 36.8(31.3,42.3) 0.098 0.490 0.531
45-64 57.0 (49.9,64.1) 53.7(48.2,59.2) 52.0(47.9,56.1) 54.7 (49.3,60.1) 0.668 0.239 0.439
65-74 59.2 (54.7,63.6) 51.5 (445 58.4) 542 (49.4,59.0) 587 (53.6,63.7) 0.557 0.200 0.215
>75 47.4(38.8,56.0) 38.2(31.8,44.7) 36.9(32.5,41.2) 42.5(39.3,457) 0.527 0.041 0.050
Sex
Men 522 (45.7,58.7) 46.0 (41.2,50.9) 49.1 (44.9,53.3) 51.3(47.2,55.4) 0.734 0.658 0.618
Women 57.4(52.4,625) 53.0(47.9,58.0) 48.0(44.8,51.2) 52.3(48.9,557) 0.131 0.005 0.084
Race-ethnicity
Non-Hispanic White 57.6 (50.1,65.1) 51.4 (45.6,57.1) 52.2 (48.6,55.8) 51.8(47.7,55.9) 0.317 0.200 0.883
Non-Hispanic Black 46.4 (41.1,51.7) 454 (41.4,493) 37.4(33.6,41.1) 49.6(42.3,56.9) 0.513 0.008 0.005
Non-Hispanic Asian 40.2 (33.4,47.0) 38.3(29.8,46.9) 45.6(40.8,50.4) 53.5(41.0,66.0) 0.080 0.169 0.360
Hispanic 47.2(41.2,53.2) 44.8(38.9,50.6) 41.4(37.6,45.2) 48.8(40.2,57.3) 0.870 0.015 0.140
Other including more 38.7(22.0,55.5) 45.1(31.9,58.3) 56.9 (45.7,68.0) 49.1(37.4,60.8) 0.857 0.154 0.260
than one race
Education
Less than high school 55.3 (47.6,63.0) 44.9(36.8,52.9) 39.1(33.4,44.8) 45.0(37.7,52.3) 0.067 0.001 0.163
High school graduate® 54.4(49.0,59.8) 49.4 (43.7,55.0) 489 (45.4,52.4) 51.3(47.9,54.6) 0.525 0.121 0.342
College graduate 52.0 (44.6,59.4) 48.9(41.9,55.9) 51.0(45.3,56.7) 53.4(45.5 61.4) 0.630 0.932 0.721
Income-to-poverty ratio
<1 50.4 (40.0,60.8) 49.3 (43.2,55.4) 38.3(30.7,46.0) 43.0(37.0,48.9) 0.138 0.104 0.423
1to<2 54.1(49.1,59.1) 47.5(41.4,53.7) 433(37.8,487) 50.0(42.3,57.7) 0.481 0.003 0.117
2to <4 55.2 (48.4,62.0) 50.9 (42.4,59.3) 48.1(42.4,53.8) 49.5(45.7,53.4) 0.195 0.108 0.555
4+ 55.2(48.2,62.1) 50.6 (42.9,58.2) 54.4(49.2,59.6) 54.6(49.0,60.2) 0.609 0.948 0.806
Routine place to go for healthcare
No 17.9(6.52,29.3) 38.2(24.6,51.9) 23.9(16.6,31.3) 23.3(15.5,31.1) 0.931 0.449 0.890
Yes 56.4 (51.1,61.8) 50.6 (46.6,54.6) 50.6 (47.9,53.3) 53.1(50.1,56.2) 0.552 0.073 0.180
Health insurance®
None 34.4(23.5,45.4) 27.9(18.1,37.6) 33.4(24.5,423) 45.2(32.1,58.4) 0.246 0.109 0.539
Private 54.8(47.562.1) 53.0(43.9,62.1) 50.1(44.3,56.0) 44.4(38.1,50.7) 0.241 0.413 0.618
Medicare 62.0 (56.2,67.8) 58.7 (47.5,69.9) 53.7 (48.0,59.5) 59.2(50.3,68.0) 0.582 0.022 0.172
Medicaid — 42.4 (31.6,53.2) 31.1(20.1,42.2) — 0.788 0.022 0.082
Other government 43.3(33.9,52.6) 46.8(35.0,58.6) 50.5(42.0,58.9) 543 (44.6,64.1) 0.267 0.419 0.858
insurance

‘High school graduates include participants who reported graduating high school with or without some college education.

“Participants with Medicare and other types of insurance were categorized as Medicare. Those without Medicare but private insurance were considered to have
private insurance, regardless of whether they had Medicaid or other government insurance.

—Indicates that a result was not statistically reliable due to confidence interval width >30, effective sample size <30, or confidence interval width >130% of the

corresponding point estimate.
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Table 4. The age-specific and age-adjusted proportion of US adults with hypertension and taking antihypertensive medication who
had controlled blood pressure in 2013-2014, 2015-2016, 2017-2020, and 2021-2023, overall and in subgroups

Characteristic Calendar period P-values for change over time
2013-2014 2015-2016 2017-2020 2021-2023 2013-2014 2013-2014 2021-2023
through through vs.
2021-2023 2017-2020 2017-2020
Overall 72.0 (68.5,75.5) 66.7(62.9,70.5) 67.8(65.3,70.3) 68.3(64.8,71.9) 0.425 0.085 0.654
Age group, y
18-44 81.0(76.1,85.9) 70.9 (63.3,78.5) 76.8(65.6,88.1) 72.1(62.7,81.5) 0.274 0.551 0.538
45-64 75.2(69.8,80.7) 74.0(68.1,79.9) 73.5(69.2,77.9) 71.8(66.4,77.3) 0.391 0.643 0.635
65-74 70.6 (66.4,74.7) 64.4(56.7,72.1) 66.5(61.5,71.6) 71.3(67.6,75.1) 0.357 0.299 0.143
>75 585 (50.5,66.6) 47.7 (39.3,56.1) 47.7 (42.9,52.5) 52.0 (48.3,55.8) 0.407 0.037 0.169
Sex
Men 727 (67.6,77.7) 66.7 (61.4,72.0) 70.2(66.6,73.8) 684 (635, 73.4) 0.568 0.605 0.653
Women 72.1(67.9,76.3) 67.5(63.5,71.5) 65.8(62.6,69.0) 69.3(66.3,72.3) 0.493 0.041 0.142
Race-ethnicity
Non-Hispanic White 75.3(70.4,80.2) 70.1(65.4,74.9) 71.9(68.6,75.2) 69.3(64.9,73.7) 0.252 0.226 0.752
Non-Hispanic Black 60.0 (54.3,65.7) 58.2(53.0,63.4) 52.6(47.4,57.8) 62.6(55.6,69.7) 0.572 0.077 0.052
Non-Hispanic Asian 63.2(56.8,69.5) 54.9 (44.8,64.9) 63.6(57.569.7) 71.0(59.3,82.7) 0.084 0.336 0.341
Hispanic 68.5 (614, 75.6) 64.9(58.9,70.9) 61.8(56.7,66.8) 66.4(56.4,76.4) 0.634 0.024 0.558
Other including more 67.7 (54.1,81.3) 77.7 (68.7,86.7) 70.5(60.4,80.6) 0.277 0.069 0.330
than one race
Education
Less than high school ~ 735 (67.5,79.6)  65.0 (56.0,73.9) 59.3 (54.7,63.8) 60.7 (51.9,69.6) 0.021 <0.001 0.539
High school graduate*  70.8 (67.3,74.4) 65.6 (60.6,70.7) 67.7 (64.2,71.2) 67.6(64.1,71.0) 0.642 0.267 0.781
College graduate 72.9(65.9,79.9) 70.1(63.1,77.2) 729 (67.7,78.2) 73.7(67.5,79.9) 0724 0.933 0.957
Income-to-poverty ratio
<1 68.2(58.9,77.5) 64.9(56.2,73.7) 59.6(51.1,68.1) 584 (50.5,66.4) 0.110 0.219 0.815
1to<2 72.3(67.1,77.5) 65.4(58.3,72.5) 61.2(55.5,66.9) 62.6(56.2,69.0) 0.068 0.002 0.367
2to <4 716 (65.5,77.6) 65.9(58.6,73.1) 66.3(61.0,71.5) 67.3(63.3,71.3) 0.361 0.140 0.492
4+ 74.8(70.6,79.1) 72.4(65.2,79.6) 74.2(70.6,77.9) 765 (71.7,81.3) 0.339 0.809 0.518
Routine place to go for healthcare
No 52.0 (40.7,63.3) 77.7 (68.0,87.4) 71.6(59.9,83.3) 52.6(38.6,66.6) 0.388 0.021 0.017
Yes 725 (68.8,76.2) 66.5(62.8,70.2) 67.5(64.9,70.1) 689 (65.0,72.8) 0.513 0.057 0.432
Health insurance®
None 59.3 (48.8,69.7) 46.9(32.4,61.5) 58.7(47.3,70.1) _ 0.161 0.161 0.799
Private 73.0(66.0,80.0) 70.5(62.7,78.2) 68.1(61.3,74.9) 585 (52.1,65.0) 0.283 0.542 0.393
Medicare 68.5 (62.0,74.9) 68.3(57.4,79.3) 64.7(58.9,70.5) 69.2(62.1,76.2) 0.815 0.063 0.218
Medicaid — 61.4(49.5,73.4) 48.7 (35.2,62.1) — 0.368 0.049 0.557
Other government 53.3(45.1,61.5) 62.7(48.1,77.3) 66.3(58.1,74.4) 69.6(61.9,77.4) 0.150 0.189 0.872
insurance

High school graduates include participants who reported graduating high school with or without some college education.

Participants with Medicare and other types of insurance were categorized as Medicare. Those without Medicare but private insurance were considered to have
private insurance, regardless of whether they had Medicaid or other government insurance.

—Indicates that a result was not statistically reliable due to confidence interval width >30, effective sample size <30, or confidence interval width >130% of the

corresponding point estimate.

46.7%, and 46.2%, respectively, (Supplementary Table S6). The
age-adjusted proportion of adults who were aware they had
hypertension and who were taking antihypertensive medica-
tion are shown in Supplementary Tables S7 and S8, respec-
tively. In 2013-2014, 2015-2016, 2017-2020, and 2021-2023, the
age-adjusted proportion of adults with hypertension who had
controlled BP was 26.5%, 23.3%, 24.3%, and 23.0%, respectively
(Supplementary Table S9). In 2013-2014, 2015-2016, 2017-2020,
and 2021-2023, the age-adjusted proportion of adults taking
antihypertensive medication who had controlled BP was 46.6%,
43.4%, 43.4%, and 39.9%, respectively, (Supplementary Table S10).

DISCUSSION

In the current analysis of NHANES data, there was no evidence
that the proportion of US adults with controlled BP changed
from 2017-2020 to 2021-2023. This reflects a pause in the
decline in the proportion of US adults with controlled BP that
occurred from 2013-2014 to 2017-2020. In addition, the propor-
tion of non-Hispanic Black adults with controlled BP increased
from 2017-2020 to 2021-2023. While there was no evidence of

a difference in BP control across race/ethnicity groups in 2021-
2023, BP control was less likely among adults 18-44 years of age
vs. older US adults, with a family income-to-poverty ratio <1, and
without a routine place to receive healthcare.

Several studies have described declines in BP control during the
beginning of the COVID-19 pandemic using health system data.*"
For example, a study using data from 137,593 patients in 3 large
health systems reported a 3.4% decrease in BP control between
August 2018-January 2020 and April 2020-November 2020.° However,
patients included in health system data are not representative of all
patients with hypertension and as early as April 2020, maintenance
of antihypertensive medication among those with hypertension was
recommended by experts in the field.”® The current study included a
general population sample and found no evidence of a decline in BP
control between 2017-2020 and 2021-2023. NHANES stopped data
collection in March 2020 and did not re-start data collection until
August 2021. Therefore, estimates for NHANES 2021-2023 reflect BP
control from approximately 1.5 to 3.5 years after the onset of the
pandemic in the United States, a period when wellness visits had
rebounded to near pre-pandemic levels for non-Hispanic Black,
non-Hispanic White, and Hispanic adults.”
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Table 5. Factors associated with blood pressure control in 2021-2023

Characteristic

Among all US adults with

hypertension

Among US adults taking antihypertensive

medication

PR (95% CI) Model 1

PR (95% CI) Model 2

PR (95% CI) Model 1

PR (95% CI) Model 2

Age group, y
18-44
45-64
65-74
>75
Sex
Men
Women
Race-ethnicity
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic
Other including more than one race
Education
Less than high school
High school graduate?
College graduate
Income-to-poverty ratio

1 (reference)

1.48 (1.21, 1.80)
1.57 (1.29, 1.92)
1.14 (0.94, 1.38)

1 (reference)
1.01(0.92, 1.11)

1 (reference)

0.97 (0.80, 1.18)
1.02 (0.71, 1.45)
0.94 (0.74, 1.19)
0.91 (0.66, 1.26)

1 (reference)
1.12 (0.92, 1.38)
1.17 (0.89, 1.53)

1 (reference)

1.44 (1.17,1.77)
1.31(0.96, 1.77)
0.94 (0.69, 1.27)

1 (reference)
1.00 (0.90, 1.10)

1 (reference)

0.97 (0.83,1.13
1.01(0.73, 1.40
1.07 (0.87,1.32
0.95 (0.75, 1.19

1 (reference)
1.11 (0.97, 1.27)
1.12 (0.91, 1.39)

1 (reference)

1.17 (0.94, 1.46)
1.17 (1.01, 1.36)
1.30 (1.08, 1.56)

1 (reference)
2.28 (1.55, 3.36)

1 (reference)

1 (reference)

0.99 (0.86, 1.15)
0.97 (0.84, 1.13)
0.71 (0.60, 0.83)

1 (reference)
1.00 (0.93, 1.08)

1 (reference)

0.90 (0.78, 1.04)
1.02 (0.81, 1.27)
0.93 (0.75, 1.16)
1.01 (0.86, 1.20)

1 (reference)
1.13 (0.96, 1.32)
1.22 (1.04, 1.43)

1 (reference)

1.07 (0.89, 1.30)
1.13(0.97, 1.31)
1.28 (1.06, 1.55)

1 (reference)
1.31(0.93, 1.84)

1 (reference)

1 (reference)

1.00 (0.86, 1.17)
0.92 (0.72, 1.16)
0.68 (0.54, 0.87)

1 (reference)
1.01 (0.93, 1.09)

1 (reference)

0.91 (0.81, 1.02
1.02 (0.83,1.26
1.02 (0.88,1.18
1.03 (0.90, 1.17

1 (reference)
1.10 (0.98, 1.22)
1.13 (1.01, 1.26)

1 (reference)

1.06 (0.93, 1.21)
1.12 (1.00, 1.26)
1.27 (1.09, 1.48)

1 (reference)
1.24 (0.93, 1.67)

1 (reference)

<1 1 (reference)
1to <2 1.16 (0.86, 1.57)
2to <4 1.14 (0.89, 1.46)
4+ 1.26 (0.93, 1.72)
Routine place to go for healthcare
No 1 (reference)
Yes 2.46 (1.70, 3.56)
Health insurance®
None 1 (reference)
Private 1.59 (1.01, 2.51)
Medicare 1.84 (1.11, 3.05)
Medicaid 2.02 (1.01, 4.01)
Other government insurance 1.84 (1.18,2.88)

1.30 (0.94, 1.79) 131 (0.88,1.95) 1.19 (0.91, 1.55)
1.68 (1.19, 2.38) 134 (0.83,2.16) 1.36 (0.95, 1.93)
1.98 (1.25, 3.12) 134 (0.73,2.46) 1.43 (0.94, 2.16)
1.54 (1.09, 2.18) 139 (0.92,2.11) 1.33 (0.99, 1.80)

Model 1 included adjustment for age group and gender; Model 2 included adjustment for age group, gender, race/ethnicity, education, family income-to-poverty

ratio, having a routine place to receive healthcare and type of health insurance.

Abbreviation: PR, prevalence ratio.

High school graduates include participants who reported graduating high school with or without some college education.
Participants with Medicare and other types of insurance were categorized as Medicare. Those without Medicare but private insurance were considered to have
private insurance, regardless of whether they had Medicaid or other government insurance.

In 2021-2023, hypertension awareness and BP control were
lower among adults aged 18-44 years and those who did not have
a routine place to receive healthcare, and BP control was lower
among those with a family income-to-poverty ratio <1. Young
adults experience adverse social determinants of health, includ-
ing lack of health insurance, time constraints due to work and
family obligations, and lower income, which can make healthcare
costs prohibitive and create barriers to early diagnosis and treat-
ment of hypertension.>??! Expanding access to community-based
programs, such as mobile health screenings or workplace well-
ness programs, and digital health tools including telemedicine
and home BP monitors offer avenues for meeting younger popu-
lations and those with a low income-to-poverty ratio where they
work, live, and play to improve hypertension awareness and BP
control.?>%8

Antihypertensive medication use and BP control increased
among non-Hispanic Black adults between 2017-2020 and 2021-
2023 and there was no difference in BP control between racial
and ethnic groups in 2021-2023, which could signal progress
toward reducing disparities in hypertension treatment and man-
agement.® Initiatives, including Million Hearts, Target: BP, and the
Racial and Ethnic Approaches to Community Health program,
have promoted hypertension management in Black communities
by supporting evidence-based protocols for BP management, cul-
turally tailored patient education, and home BP monitoring.?=?

Large health systems have implemented quality improvement
programs, based on the Kaiser Permanente Northern California
model, centered around team-based care that has achieved
high levels of BP control in Black patients.* Small federally
qualified health centers have also reduced the disparities gap
through implementation of the American Medical Association
Measure accurately, Act rapidly, Partner with patients program.*
Widespread dissemination of these initiatives has the potential to
further improve BP control and reduce disparities.

BP control among US adults remains low. Randomized tri-
als have demonstrated that most adults can achieve BP goals
<140/90 mm Hg.** In addition, initiating antihypertensive med-
ication with 2 or more antihypertensive drug classes vs. mon-
otherapy is associated with fewer follow-up healthcare visits
and a high rate of BP control.* However, antihypertensive mon-
otherapy remains common.*” Also, prior studies have reported
clinical inertia to be common with antihypertensive medica-
tion intensification occurring at only 10%-15% of patient visits
with uncontrolled BP.*® In a simulation study, increasing the
intensification of antihypertensive medication from 13% to
62% of healthcare visits with uncontrolled BP was projected
to increase the proportion of US adults with controlled BP to
over 80%.%

This study has potential and known limitations. First, the
response rates for NHANES has declined over the past decade.”



Although survey weights were used to produce estimates rep-
resentative of the US population, declining participation rates
could impact the generalizability of this study’s estimates.
Second, in contrast to the NHANES 2013-2014, 2015-2016, and
2017-2020 cycles, race/ethnic minority and low socioeconomic
groups were not over-sampled in NHANES 2021-2023, which
could limit the reliability of conclusions drawn about trends
in BP control in these population subgroups.® Third, due to the
pause in data collection between March 2020 to August 2021, BP
levels and BP control among US adults during the initial pan-
demic period were not estimated. Fourth, each NHANES cycle
measured BP during a single visit, and guidelines recommend
obtaining an average of BP readings measured during two or
more visits for diagnosing hypertension and categorizing BP
control.’*#° Fifth, the sample size in some of the table cells was
small, limiting the ability to detect changes in BP control over
time.

BP control among US adults with hypertension did not change
from 2017-2020 to 2021-2023. Non-Hispanic Black adults expe-
rienced an increase in BP control during this period, suggesting
short-term progress toward addressing long-standing disparities.
However, BP control among US adults with hypertension and
those taking antihypertensive medication remains low, empha-
sizing the need for enhanced hypertension management, particu-
larly among younger adults and those without a routine place to
receive healthcare.
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Acknowledgments

Dr Hardy receives support through KO01HL164763 from the
National Heart, Lung, and Blood Institute. Drs Hardy, Foti,
and Muntner receive support through grant #878088 from the
American Heart Association.

Conflict of Interest

Paul Muntner receives grant funding and consulting fees from
Amgen Inc., unrelated to the topic of the current manuscript.

Data Availability

NHANES data are publicly available and accessible through the
CDC website.

REFERENCES

1. Farley TA, Dalal MA, Mostashari F, Frieden TR. Deaths prevent-
able in the US by improvements in use of clinical preventive
services. Am J Prev Med 2010; 38:600-609.

2. Pencina MJ, Navar AM, Wojdyla D, Sanchez RJ, Khan I, Elassal
J, D’Agostino Sr RB, Peterson ED, Sniderman AD. Quantifying
importance of major risk factors for coronary heart disease.
Circulation 2019; 139:1603-1611.

3. Muntner P, Hardy ST, Fine LJ, Jaeger BC, Wozniak G, Levitan
EB, Colantonio LD. Trends in blood pressure control among US
adults with hypertension, 1999-2000 to 2017-2018. JAMA 2020;
324:1190-1200.

10.

11.

12.

13.

14.

15.

16.

BP Control Trends among US Adults | 127

Muntner P, Miles MA, Jaeger BC, Hannon L 3rd, Hardy ST,
Ostchega Y, Wozniak G, Schwartz JE. Blood pressure con-
trol among US adults, 2009 to 2012 through 2017 to 2020.
Hypertension 2022; 101161:hypertensionaha12219222.

Czeisler ME, Garcia-Williams AG, Molinari N-A, Gharpure R, Li
Y, Barrett CE, Robbins R, Facer-Childs ER, Barger LK, Czeisler CA,
Rajaratnam SMW, Howard ME. Delay or avoidance of medical
care because of COVID-19-related concerns—United States,
June 2020. Morb Mortal Wkly Rep 2020; 69:1485-1491.

Khera A, Baum SJ, Gluckman TJ, Gulati M, Martin SS, Michos ED,
Navar AM, Taub PR, Toth PP, Virani SS, Wong ND, Shapiro MD.
Continuity of care and outpatient management for patients
with and at high risk for cardiovascular disease during the
COVID-19 pandemic: a scientific statement from the American
Society for Preventive Cardiology. Am ] Prevent Cardiol 2020;
1:100009.

Chen L, LiJ, Xia T, Matthews TA, Tseng T-S, Shi L, Zhang D, Chen
Z,Han X, LiY, Li H, Wen M, Su D. Changes of exercise, screen
time, fast food consumption, alcohol, and cigarette smoking
during the COVID-19 pandemic among adults in the United
States. Nutrients 2021; 13:3359.

Alexander GC, Tajanlangit M, Heyward J, Mansour O, Qato DM,
Stafford RS. Use and content of primary care office-based vs
telemedicine care visits during the COVID-19 pandemic in the
US.JAMA Netw Open 2020; 3:€2021476.

Gotanda H, Liyanage-Don N, Moran AE, Krousel-Wood M,
Green JB, Zhang Y, Nuckols TK. Changes in blood pressure
outcomes among hypertensive individuals during the COVID-
19 pandemic: a time series analysis in three US Healthcare
Organizations. Hypertension 2022; 79:2733-2742.

Laffin LJ, Kaufman HW, Chen Z, Niles JK, Arellano AR, Bare LA,
Hazen SL. Rise in blood pressure observed among US adults
during the COVID-19 pandemic. Circulation 2022; 145:235-237.
Shah NP, Clare RM, Chiswell K, Navar AM, Shah BR, Peterson ED.
Trends of blood pressure control in the U.S. during the COVID-
19 pandemic. Am Heart ] 2022; 247:15-23.

CDC/National Center for Health Statistics. NHANES Response
Rates and Population Totals. 2024. https://wwwn.cdc.gov/nchs/
nhanes/ResponseRates.aspx

Ostchega Y, Nwankwo T, Chiappa M, Wolz M, Graber ], Nguyen
DT. Comparing blood pressure values obtained by two different
protocols: National Health and Nutrition Examination Survey,
2017-2018. NCHS Vital Health Statistics Series 2021;2:1-26. https://
stacks.cdc.gov/view/cdc/104185

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green
LA, 1zzo JL Jr, Jones DW, Materson BJ, Oparil S, Wright JT Jr,
Roccella EJ; National Heart, Lung, and Blood Institute Joint
National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The Seventh Report of the
Joint National Committee on Prevention, Detection, Evaluation,
and Treatment of High Blood Pressure: the JNC 7 report. JAMA
2003; 289:2560-2572.

CDC/National Center for Health Statistics. Brief Overview of
Sample Design, Nonresponse Bias Assessment, and Analytic
Guidelines for NHANES August 2021-August 2023. 2024. https://
wwwn.cdc.gov/nchs/nhanes/continuousnhanes/overviewbrief.
aspx?Cycle=2021-2023

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins K],
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA,
Jones DW, MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SCJr,
Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA Sr,
Williamson JD, Wright JT Jr. 2017 ACC/AHA/AAPA/ABC/ACPM/
AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the prevention,



128 | Hardyetal.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

detection, evaluation, and management of high blood pres-
sure in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice
Guidelines. ] Am Coll Cardiol 2018; 71:e127-e248.

Chamberlain AM, Cooper-DeHoff RM, Fontil V, Nilles EK, Shaw
KM, Smith M, Lin F, Vittinghoff E, Maeztu C, Todd JV, Carton
T, O'Brien EC, Faulkner Modrow M, Wozniak G, Rakotz M,
Sanchez E, Smith SM, Polonsky TS, Ahmad FS, Liu M, McClay JC,
VanWormer JJ, Taylor BW, Chrischilles EA, Wu S, Viera AJ, Ford DE,
Hwang W, Knowlton KU, Pletcher MJ. Disruption in blood pres-
sure control with the COVID-19 pandemic: The PCORnet Blood
Pressure Control Laboratory. Mayo Clin Proc 2023; 98:662-675.
Schiffrin EL, Flack JM, Ito S, Muntner P, Webb RC. Hypertension
and COVID-19. Am ] Hypertens 2020; 33:373-374.

Alba C, Zheng Z, Wadhera RK. Changes in health care access
and preventive health screenings by race and ethnicity. JAMA
Health Forum 2024; 5:e235058.

Cohen RA, Martinez ME, Zammitti EP. Health Insurance Coverage:
Early Release of Estimates from the National Health Interview Survey,
January-March 2012. Centers for Disease Control and Prevention:
Atlanta, GA, 2012.

Guzman G, Kollar M. Income in the United States: 2022. United
States Census Bureau. 2023. https://www census gov/content/
dam/Census/library/publications/2023/demo/p60-279 pdf
Gajarawala SN, Pelkowski JN. Telehealth benefits and barriers. J
Nurse Pract 2021; 17:218-221.

Legorreta AP, Schaff SR, Leibowitz AN, van Meijgaard J. Measuring
the effects of screening programs in asymptomatic employees:
detection of hypertension through worksite screenings. J Occup
Environ Med 2015; 57:682-686.

Brook RD, Dawood K, Foster B, Foust RM, Gaughan C, Kurian
P, Reed B, Jones AL, Vernon B, Levy PD. Utilizing mobile health
units for mass hypertension screening in socially vulnerable
communities across detroit. Hypertension 2022; 79:e106-e108.
Katz ME, Mszar R, Grimshaw AA, Gunderson CG, Onuma OK, Lu
Y, Spatz ES. Digital health interventions for hypertension man-
agement in US populations experiencing health disparities: a
systematic review and meta-analysis. JAMA Netw Open 2024;
7:€2356070.

Shimbo D, Artinian NT, Basile JN, Krakoff LR, Margolis KL, Rakotz
MK, Wozniak G; American Heart Association and the American
Medical Association. Self-measured blood pressure monitor-
ing at home: a joint policy statement from the American Heart
Association and American Medical Association. Circulation 2020;
142:e42-e63.

Hu Z, Wang X, Zheng C, Zhang L, Cao X, Tian Y, Gu R, Cai J, Tian
Y, Shao L, Wang Z. Association between the improvement of
knowledge, attitude and practice of hypertension prevention
and blood pressure control—a cluster randomized controlled
study. Am ] Health Promot 2024; 38:980-991.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

US Department of Health and Human Services. The Surgeon
General’s Call to Action to Control Hypertension. U.S. Department
of Health and Human Services, Office of the Surgeon General:
Washington, DC, 2020.

CDC, Division for Heart Disease and Stroke Prevention. Million
Hearts Focusing on Health Equity 2022. https://millionhearts.
hhs.gov/about-million-hearts/health-equity/index.html

Smith AP, Overton K, Rakotz M, Wozniak G, Sanchez ET.
BP™: a national initiative to improve blood pressure control.
Hypertension 2023; 80:2523-2532.

Releford BJ, Frencher SK Jr, Yancey AK. Health promotion in bar-
bershops: balancing outreach and research in African American
communities. Ethn Dis 2010; 20:185-188.

National Center for Chronic Disease Prevention and Health
Promotion (NCCDPHP). Past REACH Programs. 2024. https://
www.cdc.gov/reach/php/past-programs/index.html

Harrison TN, Zhou H, Wei R, Brettler J, Muntner P, An J, Ong-Su
AL, Reynolds K. Blood pressure control among Black and White
adults following a quality improvement program in a large inte-
grated health system. JAMA Netw Open 2023; 6:€2249930.
Behling EM, Garris T, Blankenship V, Wagner S, Ramsey D,
Davis R, Sutherland SE, Egan B, Wozniak G, Rakotz M, Kmetik
K. Improvement in hypertension control among adults seen
in federally qualified health center clinics in the stroke belt:
implementing a program with a dashboard and process met-
rics. Health Equity 2023; 7:89-99.

The SPRINT Research Group.A randomized trial of intensive
versus standard blood-pressure control. N Engl ] Med 2015;
373:2103-2116.

An ], Luong T, Qian L, Wei R, Liu R, Muntner P, Brettler J, Jaffe
MG, Moran AE, Reynolds K. Treatment patterns and blood pres-
sure control with initiation of combination versus monotherapy
antihypertensive regimens. Hypertension 2021; 77:103-113.
Derington CG, King JB, Herrick JS, Shimbo D, Kronish IM, Saseen
JJ, Muntner P, Moran AE, Bress AP. Trends in antihypertensive
medication monotherapy and combination use among US
Adults, National Health and Nutrition Examination Survey
2005-2016. Hypertension 2020; 75:973-981.

Ali DH, Kili¢ B, Hart HE, Bots ML, Biermans MC], Spiering W,
Rutten FH, Hollander M. Therapeutic inertia in the management
of hypertension in primary care. ] Hypertens 2021; 39:1238-1245.
Bellows BK, Ruiz-Negrén N, Bibbins-Domingo K, King JB, Pletcher
M]J, Moran AE, Fontil V. Clinic-based strategies to reach United
States Million Hearts 2022 blood pressure control goals. Circ
Cardiovasc Qual Outcomes 2019; 12:e005624.

Muntner P, Shimbo D, Carey RM, Charleston JB, Gaillard T, Misra
S, Myers MG, Ogedegbe G, Schwartz JE, Townsend RR, Urbina EM,
Viera AJ, White WB, Wright JT Jr. Measurement of blood pressure
in humans: a scientific statement from the American Heart
Association. Hypertension 2019; 73:e35-e66.



