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BACKGROUND: Amid stagnating declines in national cardiovascular disease (CVD) mortality, documenting trends in county-
level hypertension-related CVD death rates can help activate local efforts prioritizing hypertension prevention, detection, and
control.

METHODS AND RESULTS: Using death certificate data from the National Vital Statistics System, Bayesian spatiotemporal models
were used to estimate county-level hypertension-related CVD death rates and corresponding trends during 2000 to 2010
and 2010 to 2019 for adults aged >35 years overall and by age group, race or ethnicity, and sex. Among adults aged 35 to
64 years, county-level hypertension-related CVD death rates increased from a median of 23.2 per 100 000 in 2000 to 43.4 per
100 000 in 2019. Among adults aged >65 years, county-level hypertension-related CVD death rates increased from a median
of 362.1 per 100 000 in 2000 to 430.1 per 100 000 in 2019. Increases were larger and more prevalent among adults aged 35
to 64 years than those aged >65 years. More than 75% of counties experienced increasing hypertension-related CVD death
rates among patients aged 35 to 64 years during 2000 to 2010 and 2010 to 2019 (76.2% [95% credible interval, 74.7-78.4] and
86.2% [95% credible interval, 84.6—-87.6], respectively), compared with 48.2% (95% credible interval, 47.0-49.7) during 2000
to 2010 and 66.1% (95% credible interval, 64.9-67.1) for patients aged >65 years. The highest rates for both age groups were
among men and Black populations. All racial and ethnic categories in both age groups experienced widespread county-level
increases.

CONCLUSIONS: Large, widespread county-level increases in hypertension-related CVD mortality sound an alarm for intensified
clinical and public health actions to improve hypertension prevention, detection, and control and prevent subsequent CVD
deaths in counties across the nation.
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116.0 million) live with hypertension,’ with the prev-

alence increasing since 2013.2 This burden costs
~$48.6 bilion annually, including spending on health
care services and antihypertensive medications, and
on productivity loss from premature death.®

Hypertension is the leading risk factor for car-
diovascular disease (CVD) and premature death.”
Hypertension-related deaths have increased since

In the United States, nearly half of adults (47.3% or

2000, representing >500 000 deaths in 2019.5 From
2000 to 2013, hypertension-related mortality attrib-
utable to all causes increased 23.1% among adults.®
Likewise, hypertension-related mortality caused by
CVD increased during the first 2 decades of this cen-
tury among race and ethnicity, age, and sex.”® After
decades of declines, stagnating or increasing national
death rates have also been observed in conditions
where uncontrolled hypertension heightens the risk,
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CLINICAL PERSPECTIVE

What Is New?

e Against a background of stagnating national
declines in cardiovascular disease mortality,
hypertension-related deaths from cardiovascu-
lar disease increased in counties across the na-
tion since 2000.

e During 2010 to 2019, 86.2% and 66.1% of coun-
ties in the United States had rising hypertension-
related cardiovascular disease death rates
among adults aged 35 to 64 and >65 years,
respectively.

e All racial or ethnic and sex categories experi-
enced widespread county-level increases; the
highest death rates for both age groups were
among men and Black populations.

What Are the Clinical Implications?

e Widespread county-level increases  in
hypertension-related cardiovascular disease
mortality sound an alarm and call for intensi-
fied national and local efforts to improve hy-
pertension prevention, detection, and control,
especially among working-aged adults and in
locations where the burden is high and growing.

Nonstandard Abbreviations and Acronyms

AI/AN  American Indian/Alaska Native
Crl credible interval

including stroke, coronary heart disease, and heart
failure %13

Nevertheless, national and state-level data mask
geographic disparities in CVD mortality.'*~'® By relying
on data that lack geographic granularity, efforts to ad-
dress the burden of hypertension may not reach ap-
propriate populations in specific locations. Additionally,
national surveillance systems do not capture county-
level hypertension prevalence and incidence data,
leaving county-level hypertension-related death data
as a critical data source to address the nation’s hy-
pertension burden and the concerning recent trends
in CVD mortality.®~"®'° Local hypertension-related CVD
death rates and trends, and corresponding differences
by demographic group, can provide key guiding evi-
dence for clinicians, public health professionals, and
local decision-makers in locating and tailoring hyper-
tension prevention and control initiatives to the needs
of specific communities.

Examining these trends assumes increasing ur-
gency amid the COVID-19 pandemic. Hypertension
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and conditions resulting from uncontrolled hyper-
tension have been associated with increased risk
of SARS-CoV-2 infection and subsequent severe
COVID-19 iliness and death.?%?!" Consequently, under-
standing prepandemic trends in hypertension-related
mortality and differences by demographic groups are
pivotal to help equitably respond to, alleviate, and build
resilience to COVID-19 and future health threats.

Therefore, we analyzed county-level hypertension-
related CVD death rates and trends among adults
aged >35 years from 2000 to 2019.

METHODS

Hypertension-Related CVD Mortality Data
We obtained annual hypertension-related CVD death
counts by county of residence, age group, race or eth-
nicity, and sex during 2000 to 2019 from the National
Vital Statistics System (NVSS) of the National Center
for Health Statistics (NCHS). The study population in-
cluded US residents aged >35 years. This age group
represented 99.4% of all CVD deaths in 2019.5 Data
were stratified into 2 age groups (35-64 years and
>B5 years) and 5 racial and ethnic categories: non-
Hispanic American Indian/Alaska Native (Al/AN), non-
Hispanic Asian/Pacific Islander, non-Hispanic Black,
Hispanic, and non-Hispanic White. Hypertension-
related CVD deaths were defined as deaths with any
mention of hypertension or hypertension-related dis-
ease (including essential hypertension, hypertension-
related heart and/or renal disease, and secondary
hypertension) (International Statistical Classification
of Diseases, Tenth Revision [ICD-10]. 10-I15), where
the underlying cause of death was any disease of
the circulatory system (/ICD-70: 100-199). We used
NCHS bridged-race estimates for annual county-level
populations.??

Although NVSS mortality data included 3142 coun-
ties and county equivalents, given changes in county
definitions during the study period, deaths and popu-
lations for some counties were merged to create a final
set of 3136 counties.

Estimating County-Level Hypertension-
Related CVD Death Rates

We estimated county-level hypertension-related CVD
death rates by age groups, racial or ethnic categories,
and sex using a statistical model that produces pre-
cise, reliable rates, even in the presence of small case
counts and populations.?®?4 Specifically, we used a
Bayesian multivariate space-time conditional autore-
gressive model to estimate county-level hypertension-
related CVD death rates and 95% credible intervals
(Crls). This model’s statistical details have been previ-
ously published and used extensively for heart disease
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and stroke mortality.'#152325-28 Briefly, this model is
based on the Besag-York-Mollié conditional autore-
gressive model for spatially referenced count data.?®
These models iterative estimate parameters within
a Markov chain Monte Carlo (MCMC) algorithm and
incorporate correlation across space, time, and de-
mographic groups. Hypertension-related CVD death
rates were estimated as the medians of the posterior
distributions defined by the MCMC iterations. Death
rates were age-standardized to the 2010 US popula-
tion using 10-year age groups.

Estimating Trends in Death Rates

To account for potential nonlinearity in trends, we
calculated total percent change across 2 intervals
(2000-2010 and 2010-2019). In addition to 2010
being the midpoint of this time period, national death
rates for many CVD subtypes have stagnated or in-
creased since =2010.9133081 For each demographic
group within each county and among each inter-
val, we used separate log-linear regression models
to estimate total percent change (ie, the trend) in
hypertension-related CVD death rates. Models were
run within each MCMC iteration and included rates for
all years within each interval. The resulting posterior
distributions of coefficients were then transformed
to produce posterior distributions of total percent
change over each internal. We then estimated the
county’s total percent change as the median of each
posterior distribution.

To summarize the distributions of estimated death
rates and percent change among counties, we calcu-
lated the medians and the 25th and 75th percentiles.
We also used the posterior distributions of total per-
cent change to calculate the percentage of counties
and 95% Crl with increasing hypertension-related CVD
death rates for each interval and demographic group.
By using the posterior distributions of hypertension-
related CVD death rates and percent change (rather
than the point estimates), all measures account for un-
certainty in the underlying estimates.

Inclusion Criteria

Inclusion criteria ensured that we only reported reliable
rates in sufficiently large populations, and each demo-
graphic group used a common set of counties for the
entire study period. For a given demographic group
within a given county to be included in this analysis,
we required that the estimated rates were reliable (ie,
the 95% Crl width was less than the point estimate)
and that the group-specific population was >500 for all
years in the study period.?® This requirement is effec-
tively a Bayesian analogue of the suppression criteria
used in reporting US cancer statistics.3?
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Given these inclusion criteria, counties included in
our analysis represented almost all of the population
and deaths for each demographic group (Table 1). The
one exception was Al/AN populations, for whom our
analysis included 295 counties representing 65.9%
of the population and 76.3% of deaths for those aged
35 to 64 years, and 22 counties representing 33.2%
of the population and 41.4% of deaths for those aged
>65 years.

Analyses were conducted using R version 4.0.3
(The R Foundation). Models were run using user-
developed code, which is available on request. The first
author had full access to all of the data in the study and
takes responsibility for its integrity and the data anal-
ysis. The Centers for Disease Control and Prevention
(CDC) reviewed this study for human subjects protec-
tion and determined it to be nonresearch. Institutional
Review Board approval and participant consent are
not required.

RESULTS

National Hypertension-Related CVD
Death Rates and Trends

A total of 4 270 415 hypertension-related CVD deaths
were reported during 2000 to 2019 among US adults
aged >35 years, representing 8.8% of all deaths and
25.4% of CVD deaths during this period. The national
hypertension-related CVD death rate in 2019 among
adults aged 35 to 64 years was 44.6 per 100 000
(95% Cl, 44.3-45.0), with increases during both 2000
to 2010 and 2010 to 2019 (Table 2, Figure 1). In 2019,
among adults aged 35 to 64 years, men had higher
death rates than women (63.8 per 100 000 [95% CI,
63.2-64.4] and 26.4 per 100 000 [95% CI, 26-26.8],
respectively). Both men and women experienced in-
creasing hypertension-related CVD death rates dur-
ing 2000 to 2010 and 2010 to 2019, with men having
stronger increases. By race or ethnicity, Black popula-
tions aged 35 to 64 years had the highest rates (96.3
per 100 000 [95% ClI, 94.8-97.8] in 2019). The largest
magnitude of increases among both intervals occurred
in AlI/AN and White populations.

Among adults aged =>65 vyears, the national
hypertension-related CVD death rate in 2019 was
439.6 per 100 000 (95% Cl, 437.8-441.4), with de-
creases during 2000 to 2010 and increases during
2010 to 2019 (Table 2, Figure 1). As with adults aged
35 to 64 years, men had higher rates than women,
and Black populations had the highest rates by race
or ethnicity in 2019. During 2010 to 2019, AI/AN and
White populations experienced increases, whereas
death rates plateaued among the other racial and eth-
nic categories.
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County-Level Hypertension-Related CVD
Death Rates Among Patients Aged 35 to
64 Years

Among adults aged 35 to 64 vyears, the highest
hypertension-related CVD death rates were in the
southern United States, especially in the Mississippi
Delta region (Figure 2). County-level hypertension-
related CVD death rates increased from a median
county-level death rate of 23.2 per 100 000 in 2000 to
43.4 per 100 000 in 2019 (Table 1). Over three quar-
ters of counties experienced increases during 2000 to
2010 and 2010 to 2019 (76.2% [95% Crl, 74.7-78.4]
and 86.2% [95% Crl, 84.6-87.6], respectively) (Table 1,
Figure 2).

By sex, the distributions of county-level hypertension-related
CVD death rates among men and women were almost
completely distinct, with the 75th percentile of death rates
among women in 2019 (38.6 per 100 000) being com-
parable to the 25th percentile of death rates among men
(45.3 per 100 000). Both sexes experienced widespread
increases during both intervals (Table 1, Figure S1).

By race or ethnicity, the highest death rates for all
years were among Black populations. In 2019, the
median county-level death rate among Black adults
aged 35 to 64 years was more than double that of their
White counterparts (92.2 per 100 000 and 40.5 per

County Hypertension-Related CVD Mortality Trends

100 000, respectively) (Table 1, Figure 2). The highest
death rates for both Black and White populations were
concentrated in the southern United States (Figure 2).
Although all racial and ethnic categories experienced
widespread county-level increases, especially during
2010 to 2019 (Figure 2, Figure S2), the magnitudes
of the increases varied. White and AI/AN populations
aged 35 to 64 years experienced median increases of
~50% during 2010 to 2019 (47.1% [interquartile range,
19.1%-79.8%] and 50.7% [interquartile range, 28.6%—
77.4%)], respectively). Among Black populations, on
average, death rates decreased during 2000 to 2010
(median percent change, —7.0%) and increased during
2010 to 2019 (median county-level percent change,
13.6%).

County-Level Hypertension-Related CVD
Death Rates and Trends Among Adults
Aged >65 Years

Among adults aged =65 vyears, the highest
hypertension-related CVD death rates were concen-
trated in the southern United States (Figure 3). County-
level hypertension-related CVD death rates increased
from a median of 371.0 per 100 000 in 2010 to 430.1
per 100 000 in 2019 (Table 1). Approximately half of
the counties experienced increasing death rates

Table 2. National Age-Standardized Hypertension-Related CVD Death Rates and Total Percent Change in Hypertension-
Related CVD Death Rates by Year, Age Group, Racial or Ethnic Group, and Sex—United States, 2000 to 2019

National rates, per 100 000 (95% CI) National total percent change, % (95% CI)
2000 2010 2019 2000-2010 2010-2019

Age 35t0 64 y
Overall 32.3 (31.9-32.6) 36.5 (36.1-36.8) 44.6 (44.3-45.0) 15.0 (11.3-18.9) 23.2 (21.8-24.6)
Women 21.9 (21.4-22.3) 22.4 (22.0-22.7) 26.4 (26.0-26.8) 3.3(0.1-6.6) 19.8 (17.0-22.6)
Men 43.3 (42.6-43.9) 51.3 (50.7-51.9) 63.8 (63.2-64.4) 211 (16.6-25.9) 24.7 (23.0-26.5)
AI/AN, non-Hispanic | 283.8 (19.9-27.6) 40.2 (36.1-44.3) 60.9 (56.0-65.7) 66.7 (37.6-101.9) 54 (38.7-71.0)
Asian/Pacific 211 (19.5-22.7) 18.7 (17.6-19.8) 21.6 (20.6-22.6) -14.7 (-21.8 t0 -6.8) 14.3 (7.2-22.0)
Islander,
non-Hispanic
Black, non-Hispanic | 102.1 (100.0-104.2) 91.3 (89.7-92.9) 96.3 (94.8-97.8) ~10.4 (<14 to -6.6) 7.5 (4.6-10.5)
Hispanic 27.9 (26.6-29.2) 27.8 (26.9-28.7) 31.0 (30.2-31.9) -0.5 (-6.1 t0 5.4) 15.2 (10.0-20.6)
White, non-Hispanic | 23.7 (23.3-24.1) 30 (29.7-30.4) 39.6 (39.2-40.0) 30.5 (26-35.3) 31.6 (29.3-33.8)

Age 265y
Overall 413.6 (411.4-415.7) 396.5 (394.5-398.4) 439.6 (437.8-441.4) | -6.3 (-12.1 to -0.1) 111 (5.3-17.2)
Women 4071 (404.4-409.8) 375.4 (373-377.9) 394.0 (391.7-396.2) -10.0 (-16.1 to -3.5) 5.0(-0.8t0 11.2)
Men 408.0 (404.4-411.6) 416.7 (413.5-420) 4941 (491-497.1) 0.3 (-5.3t0 6.1) 19 (13.3-24.9)
Al/AN, non-Hispanic 292.6 (261.6-323.7) 359.7 (329.6-389.8) 380.0 (356.9-4083.2) 17.3 (-4.2 10 43.5) 9.2 (3.5-15.2)
Asian/Pacific 406.9 (391.3-422.4) 359.5 (348.8-370.1) 3231 (315.8-330.3) | -13.5(-17.9t0o -8.9) -5.4(-14.9105.2)
Islander,
non-Hispanic
Black, non-Hispanic | 773.4 (762.8-784) 648 (639.1-656.9) 619.6 (612.2-626.9) | —17.6 (-23.2 to —11.7) -3.9(-9.2t0 1.8)
Hispanic 377.4 (367.2-387.6) 382.2 (374.3-390.1) 386.1 (380.1-392.2) | -5.6 (-13.2 10 2.6) 3.5(-2.81010.2)
White, non-Hispanic | 380.8 (378.6-383) 372.3 (370.3-374.4) 4295 (427.4-431.5) | —41 (<101 t02.2) 15.0 (8.8-21.5)

Al/AN indicates American Indian/Alaska Native; and CVD, cardiovascular disease.

J Am Heart Assoc. 2022;11:e024785. DOI: 10.1161/JAHA.121.024785
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during 2000 to 2010 (48.2%; 95% CI, 47.0%-49.7%)
and two-thirds during 2010 to 2019 (66.1%; 95% CI,
64.9%—-67.1%).

By sex, the distributions of county-level hypertension-
related CVD death rates among men and women were
similar in 2000 but diverged over time; by 2019 the me-
dian death rate among women was 389.6 per 100 000
and among men was 485.4 per 100 000. Both sexes
experienced widespread increases during both inter-
vals (Table 1, Figure S3). During 2010 to 2019, relative
increases in death rates were larger among men than
among women (median county-level percent change:
25.0% and 7.7%, respectively).

By race and ethnicity, the highest death rates for
all years were among Black populations. The median
county-level death rate among Black adults aged
>65 years in 2019 was =30% higher than that of their
White counterparts (568.9 per 100 000 and 429.4 per
100 000, respectively) (Table 1, Figure 3). Although
all racial and ethnic categories experienced wide-
spread increases, especially during 2010 to 2019, the
magnitudes of the increases varied markedly among
counties (Figure 3, Figure S4). White and Al/AN popu-
lations aged >65 years experienced median increases

County Hypertension-Related CVD Mortality Trends

of 18.2% during 2010 to 2019. Among Black popula-
tions, death rates in many counties decreased during
both 2000 to 2010 and 2010 to 2019 (median percent
change: —18.1% and —4.4%, respectively).

All county-level hypertension-related CVD death
rates and trends generated by this study are available
at https://chronicdata.cdc.gov/Heart-Disease-Stroke-
Prevention/Rates-and-Trends-in-Hypertension-related-
Cardiovas/uc9k-vc2j.

DISCUSSION

Uncontrolled hypertension increases the risk of stroke,
coronary heart disease, atherosclerotic CVD, and
heart failure, and of subsequent all-cause and CVD
mortality.3334 Using national vital statistics data, our
study documented alarming trends in county-level
hypertension-related CVD mortality in counties across
the United States among all age, race and ethnicity,
and sex categories. In the past decade, hypertension-
related CVD death rates among adults aged 35 to
64 years increased in >85% of counties; rates among
adults aged >65 years increased in approximately two
thirds of counties. From 2010 to 2019, the median
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county-level percent increase in hypertension-related
CVD death rates among adults aged 35 to 64 years was
43.1%, almost 3 times that of adults aged >65 years.
These findings accentuate the need for clinicians, pub-
lic health professionals, and policy makers in counties
across the country to prioritize the prevention, detec-
tion, and control of hypertension with multisector, co-
ordinated efforts at national, state, and local levels, and
with an emphasis on working-aged adults.

The observed local changes in hypertension-
related CVD death rates occur within the context of

County Hypertension-Related CVD Mortality Trends

concurrent national trends in hypertension preva-
lence, treatment, and control. Hypertension preva-
lence among US adults remained relatively constant
during 1999 to 2018.%% Likewise, by 2018, hyperten-
sion awareness, treatment, and control had improved
compared with their 2019 levels among age, race
and ethnicity, and sex, although those gains have
recently stalled.3-%" Despite these improvements,
hypertension prevalence and subsequent lack of
control remain high. Approximately half (47.3%) of US
adults were living with hypertension in 2015 to 2018,
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Figure 2. Hypertension-related cardiovascular disease (CVD) death rates, 2019, and trends, 2010 to 2019, overall and by
race or ethnicity, in patients aged 34 to 64 years—United States.
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Figure 3. Hypertension-related cardiovascular disease (CVD) death rates, 2019, and trends, 2010 to 2019, overall and by
race or ethnicity, in patients aged >65 years—United States.

and 79.4% of those had uncontrolled hypertension.’ of uncontrolled hypertension of mortality. Although
Of those with uncontrolled hypertension, 70.6% are uncontrolled hypertension is a key risk factor for CGVD

aged <65 years.’ death, survival is still measured in decades.®® Second,
These national improvements in hypertension mea- this apparent inconsistency between improved national
sures are consistent with our observed national de- hypertension measures and worsening national and

clines in hypertension-related CVD mortality among county-level hypertension-related CVD mortality may
adults aged >65 years during 2000 to 2010, but appear  stem from comparing national hypertension measures
to oppose the observed national trends for adults aged ~ with county-level death rates. Although county-level
35 to 64 years and widespread county-level increases  estimates of trends in hypertension prevalence, treat-
among age, race and ethnicity, and sex. First, this ap- ment, and control are not available, national data mask
parent inconsistency may stem from the latent effect  variation at the county level.*1626-28 Therefore, the

J Am Heart Assoc. 2022;11:e024785. DOI: 10.1161/JAHA.121.024785 8



Vaughan et al

high national prevalence of hypertension and lack of
hypertension control combined with the recent stalling
of improvements in these measures suggest that there
may be many counties with even higher prevalence
measures and potential increases in these measures.
Our results may therefore serve as indicators of wors-
ening hypertension prevalence, treatment, and control
among counties, age groups, race and ethnicity, and
sex, especially among younger adults.! Supplemental
analyses of national CVD mortality lend further sup-
port to this statement. Total CVD mortality among all
US adults declined during 2000 to 2010.2%® This de-
cline was driven by decreasing CVD death rates that
did not list hypertension on the death certificate and
overwhelmed increases in the hypertension-related
CVD death rate (Figure S5). Since 2010, CVD mortality
has plateaued, while CVD death rates without hyper-
tension listed on the death certificate continued to de-
cline. Additionally, supplemental analyses also found
that during the study period the proportion of CVD
deaths with hypertension listed on the death certificate
almost doubled from 21.4% to 37.8% for patients aged
35 to 64 years and from 17.7% to 31.3% for patients
aged >65 years (Figure S6). Within this national con-
text of hypertension and in the absence of national
surveillance systems to directly measure county-level
trends in hypertension prevalence, our findings reveal
vital insights into the local epidemiology of hyperten-
sion and illuminate populations that need attention for
hypertension prevention and control. Mimicking the
geographic patterns of other CVD death rates,'416:17:38
hypertension-related CVD death rates were highest in
the southern United States and among men and Black
adults. Increases in hypertension-related CVD mor-
tality were not confined to counties with the highest
rates. Among sex and racial and ethnic categories,
the largest and most pervasive increases were among
adults aged 35 to 64 years, especially among Al/AN
and White populations.

The large increases in hypertension-related cardio-
vascular disease mortality among working-aged adults
in the majority of counties across the country is par-
ticularly troubling given that these deaths are largely
preventable."" Younger adults are less likely than older
adults to be aware of their hypertension status and to
subsequently receive treatment for hypertension, par-
tially as a result of not being engaged with the health
care system as adults."*6:3"39 However, clinical en-
gagement during the pediatric and adolescent years
is high.*® Supporting the transition from the pediatric
to the adult medical home could sustain preventive
messages, identify hypertension earlier, and mitigate
long-term consequences. Within the context of limited
clinical engagement of working-aged adults, extend-
ing multisector hypertension-related prevention and
treatment opportunities to community and workplace
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settings may provide opportunities for reaching this
age group. Proven clinical interventions that have suc-
cessfully improved hypertension management have
been demonstrated among diverse communities and
settings.*"*? These interventions should be adopted
and adapted by those counties and among those
populations  with increasing hypertension-related
CVD death rates. For example, the well-recognized
Barbershop Initiative demonstrated effective blood
pressure (BP) reductions among Black men and could
serve as a model for reaching populations outside of
clinical settings.?-4°

Improving hypertension control is a key clinical
component to addressing these troubling county-level
trends, particularly among working-aged adults. Given
the widespread nature of the county-level increases
in hypertension-related CVD mortality, national calls
to improve hypertension control may inform actions
in communities with the highest burden of hyperten-
sion in southern US states and those with increas-
ing burden of hypertension-related CVD mortality in
counties across the country. To galvanize national ac-
tion, the Surgeon General’s Call to Action to Control
Hypertension (Call to Action) identified evidence-based
interventions that can be implemented, adapted,
and expanded in diverse settings across the United
States.'® Building on previous clinical practice guide-
lines,*® the Call to Action seeks to improve hyperten-
sion control by making it a national priority, promoting
environments that support hypertension prevention,
detection, and control, and optimizing patient care.
Likewise, Healthy People 2030, the national objectives
aiming to improve health over the next decade, in-
cluded improved hypertension control in its prioritized
list of leading health indicators.*” Additionally, Million
Hearts, a national initiative co-led by the Centers for
Disease Control and Prevention and the Centers for
Medicare & Medicaid Services, has drawn on best
practices from the Million Hearts Hypertension Control
Champions and other high-performing health systems
to develop numerous resources to guide clinical sys-
tems seeking to improve hypertension control, with
an emphasis on Black populations and working-aged
adults.*®-%" Other national organizations, including the
American Heart Association and the American College
of Cardiology, have developed recognition programs
and resources that can enhance hypertension control
in counties across the United States.52%3

Optimizing clinical care is key to reducing hyper-
tension and increasing hypertension control among
communities and thereby reducing subsequent
hypertension-related CVD mortality. Three promising
directions for optimizing clinical care to local populations
with increasing hypertension-related death rates are
fixed-dose combination medications, improved medica-
tion adherence, and improved telehealth opportunities.
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Fixed-dose combinations are evidence-based but un-
derutilized, comprising only 12% of all national BP med-
ication fills in 2017, with considerably lower values in
southern states where hypertension-related CVD death
rates are high.%* Increasing adherence to these medi-
cation regimens is critical. Despite the 706.5 million BP
medication prescriptions filled in the United States in
2017, only half of treated patients followed physicians’
instructions, with lower adherence among Black adults
and in the South.5*-56 Finally, improved telehealth capa-
bilities could optimize clinical care, especially in coun-
ties with limited access to care. Telehealth visits have
increased during the COVID-19 pandemic.®” Making
these telehealth policy changes permanent might con-
tinue to support increased access after the pandemic.
Within telehealth visits, self-measured BP monitoring,
an evidence-based approach, represents a key op-
portunity for clinicians to help their patients achieve
and maintain optimal BP levels.®®%9zCritically, given the
stark differences in hypertension-related CVD mortality
by race and ethnicity and place, actions to prevent hy-
pertension and improve subsequent clinical outcomes
must be equitably implemented to avoid exacerbating
existing disparities and to ultimately eliminate all dispar-
ities. Disparities in hypertension prevention, detection,
and control are aided by unequal access to and en-
gagement with healthy environments and the medical
system, which, in turn, are rooted in more upstream
social determinants of health, including poverty, stress,
and racial and ethnic discrimination.f-64 Attention to
place-specific social determinants of health when ad-
dressing the troubling trends in hypertension-related
CVD mortality will enable all communities to experience
equitable improvement in cardiovascular health.

This analysis is subject to several limitations. First,
the use of “any disease of the circulatory system” as
the underlying cause of death is likely an overestimate
of hypertension’s influence on CVD, as hypertension is
not a risk factor for all of these ICD-10 codes. However,
this definition provided a temporally stable baseline for
comparison and acknowledges the widespread influ-
ence of the condition on the most common CVD causes
of death. Second, death certificates may be subject to
misreporting and ascertainment bias. The accuracy
of hypertension coding on death certificates and po-
tential temporal changes in misclassification have not
been investigated. However, the increasing prevalence
of hypertension and decreasing prevalence of hyper-
tension control, especially in younger adults,3%3” and
the sustained increases over time and place together
suggest that misreporting alone is unlikely to explain
the observed increases. Additionally, this limitation is
minimized through our use of hypertension as a mul-
tiple cause of death, rather than an underlying cause
of death.®® Third, we suppressed counties because
of limited precision or small populations, which might
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differentially impact counties with low rates. This limita-
tion was pronounced for Al/AN populations; their data
are reported for completeness. For other demographic
groups, our analysis included most of the population
and most reported deaths (Table 1). The potential sup-
pression of low rates is balanced by our model’s ability
to generate estimates that are more precise than other
methods, allowing the inclusion of more counties than
other small-area estimation methods.?324 Additionally,
sensitivity analysis performed using unsuppressed
data yielded results that were not meaningfully differ-
ent than the results using the suppressed data. Finally,
categorization of race and Hispanic origin is a known
concern with death certificate data. Misclassification
of AI/AN deaths is common, resulting in lower rates
but similar trends compared with data corrected for
AlI/AN race.’%87 |ikewise, the government-defined
non-Hispanic Asian/Pacific Islander and Hispanic cat-
egories are heterogeneous in terms of origin, culture,
and CVD risk. Therefore, our results might mask differ-
ences within racial or ethnic categories.?8-7°

Hypertension-related deaths from all causes and from
CVD increased during the past 2 decades. Our docu-
mentation of large, widespread county-level increases
in hypertension-related CVD mortality, especially among
working-aged adults, sounds an alarm calling for inten-
sified, coordinated multisector efforts at national, state,
and local levels for improving hypertension prevention,
detection, and control, and preventing subsequent CVD
deaths in communities across the country. These efforts
will require specific and sustained action by public health
and health care professionals, along with the public and
private sectors, especially in locations where the burden
is high and growing.
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SUPPLEMENTAL MATERIAL



Figure S1. Hypertension-related CVD death rates, 2019, and trends, 2010-2019, by sex, ages 34-64
years — United States.
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Figure S2. Hypertension-related CVD death rates, 2019, and trends, 2010-2019, by race/ethnicity, ages
34-64 years — United States.
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Figure S3. Hypertension-related CVD death rates, 2019, and trends, 2010-2019, by sex, ages 265 years
— United States.
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Figure S4. Hypertension-related CVD death rates, 2019, and trends, 2010-2019, by race/ethnicity, ages
265 years — United States.
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Figure S5. CVD death rates with and without hypertension also listed on the death certificate, 2000-

2019, by age group — United States.
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Figure S6. Percent of CVD deaths with hypertension also listed on the death certificate, 2000-2019, by
age group — United States.
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