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Abstract

Although hypertension (HTN) is a major risk factor for heart failure (HF), limited national data exist on trends in mortality
where HF is the underlying cause of death and HTN is a contributing factor among older adults aged 265 years. The aim of
the study is to evaluate temporal, demographic, and regional trends in HTN-related HF mortality among older US adults
from 1999 to 2020. We used CDC WONDER (Centers for Disease Control and Prevention Wide-Ranging Online Data for Epi-
demiologic Research) mortality data to identify deaths with HF as the underlying cause and HTN as a contributing cause in
individuals aged =65 years. Age-adjusted mortality rates (AAMRs) per 100,000 were calculated by year, sex, race/ethnicity,
region, and urban-rural status. Join-point regression was used to determine changes in trends over time. Between 1999
and 2020, 378,851 HTN-related HF deaths occurred, most in nursing homes/long-term care facilities (34.7%), at home
(31.2%), or in medical facilities (24.6%). The AAMR rose from 31.8 in 1999 to 38.3 in 2005 (APC 3.2; 95% Cl, 2.2-4.7),
declined to 34.0 in 2009 (APC -2.6; 95% Cl, —4.6 to —0.7), remained stable through 2014, and then increased sharply to
66.1 in 2020 (APC 10.9; 95% Cl, 9.9-12.6). Women had higher overall mortality than men (41.7 vs. 37.5). NH Black adults
had the highest rates (64.1), followed by NH White (38.9), NH American Indian/Alaska Native (38.3), Hispanic/Latino (34.3),
and NH Asian/Pacific Islander (26.2). Mississippi had the highest state-level rate (109.6), while Hawaii had the lowest (20.2).
Regionally, the West (48.5) exceeded the Northeast (29.8). Nonmetropolitan areas had higher mortality than metropolitan
areas (44.9 vs. 39.5). We concluded that HTN-related HF mortality in older adults has risen markedly since 2014, with the
greatest burden among women, NH Black adults, Western states, and rural populations. These findings underscore the
need for improved HTN control and HF care in high-risk groups.
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accounting for more than 3% of national healthcare expendi-
tures in the US.* HF is a major public health concern affecting
over 23 million people globally and over 5.8 million people in
the US, and is associated with increased risk of morbidity and

Introduction

Heart failure (HF) and hypertension (HTN) are among the most
prevalent causes of mortality associated with cardiovascular dis-

eases.! HTN affects nearly 31.1% of the global adult population
(1.39 billion adults).? In the United States (US), the prevalence
of HTN from 2017 to 2020 was 64.1% among adults aged 65 to
74 years and 74.5% among adults aged 75 years or older.3 HTN
is responsible for a substantial economic burden of $131 billion,

mortality.® The prevalence of HF increases with age, with ap-
proximately a 4-fold higher prevalence (8-9%) among adults
older than 65 years in the US.® HF costs over $32 billion in treat-
ment expenditures in the US. The prevalence of HF is expected
to increase to 8.5% by the year 2030.”
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HTN is one of the major risk factors in the development of
HF. This is attributed to left ventricular hypertrophy, diastolic
dysfunction, and HTN-related cardiac remodeling.® HTN ac-
counts for nearly 39% of HF cases in men and 59% in women.
Hypertensive men have a 2-fold higher risk, while hyperten-
sive women have a 3-fold higher risk of developing HF.° HTN
is associated with increased mortality in patients with HF. Ac-
cording to a study, hypertensive adults aged 65-84 who de-
veloped heart failure had a 76% mortality rate over a median
follow-up of 6.7 years.® Antihypertensive medications reduce
the incidence of HF by nearly 50%. Moreover, several trials
have shown that these medications reduce mortality rates
in patients with HF.2°

Unlike prior national mortality studies that examined HF or
HTN in isolation, this analysis is a complementary surveillance
study that specifically evaluates deaths in which HF was the
underlying cause, and HTN was coded as a contributing cause
among adults aged 265 years. While this approach cannot es-
tablish individual-level causality, it provides important popu-
lation-level data on the evolving burden of coexisting HTN and
HF in an aging US population. Identifying the demographic
and regional patterns of HTN-related HF mortality is crucial
to identifying at-risk populations and providing targeted in-
terventions. Therefore, we conducted this study to analyze
various temporal, demographic, and geographic trends in
HTN-related HF mortality among U.S. adults aged 65 years
and older, using national mortality data from 1999 to 2020.

Methods
Setting and study population

Using codes from the International Statistical Classification
of Diseases and Related Health Problems-10th Revision (ICD-
10), death certificate data were obtained from the CDC
WONDER (Centers for Disease Control and Prevention Wide-
Ranging Online Data for Epidemiologic Research) database
and analyzed for HTN-related HF mortality among older
adults from 1999 to 2020. Adult deaths (> 65 years) that hap-
pened between 1999 and 2020 were included. Previous stud-
ies have used a similar age cutoff for older adults.***2 The
multiple cause of death data was utilized to identify individ-
uals aged 65 years and above, with HF as the underlying
cause of death and HTN as a contributing cause. ICD-10
codes 110-115 were used for HTN, and 111.0, 113.0, 113.2, and
150.x for HF. Similar codes for HTN and HF have been used in
previous studies.'*!* Because death certificate data depends
on physician coding practices, we used a surveillance defini-
tion for HTN-related HF mortality. This was defined as deaths
where HF was the underlying cause and HTN was a contribut-
ing cause. Consequently, the trends reported here only re-
flect the mortality burden of people with these co-occurring
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diagnoses and should be interpreted as epidemiologic asso-
ciations rather than direct etiologic associations. As this
study followed the STROBE (Strengthening the Reporting of
Observational Studies in Epidemiology) reporting require-
ments and used a deidentified government-issued public use
data collection, it did not need authorization from the local
institutional review board.

Data extraction

The extracted data included total population, year, sex, age,
race/ethnicity, region, urban-rural classification, place of
death, and state. Race/ethnicity was categorized as non-His-
panic (NH) White, NH Black or African American, Hispanic or
Latino, NH Asian or Pacific Islander, and NH American Indian
or Alaskan Native. The place of death was categorized into
the decedent’s home, medical facilities, nursing homes or
long-term care facilities, hospice centers, and others. The
census regions were divided into the Northeast, the Mid-
west, the South, and the West. The population was evaluated
using the National Center for Health Statistics Urban-Rural
Classification Scheme, divided into urban [large metropolitan
area (population 21 million), medium/small metropolitan
area (population 50,000-999,999)], and rural (population
<50,000) categories.'

Statistical analysis

To analyze national trends in HTN-related HF mortality, crude
and age-adjusted mortality rates (AAMR) per 100,000 popu-
lation were calculated by sex, year, race/ethnicity, state, and
urban-rural status with 95% Cls from 1999 to 2020. The num-
ber of HTN-related HF deaths was divided by the total US
population of that year to calculate the crude mortality rates.
The AAMRs were calculated by standardizing the number of
deaths to the 2000 U.S population.*® To measure annual na-
tionwide trends in HF mortality associated with HTN, the
Joinpoint Regression Program (Joinpoint V 5.2.0.0, National
Cancer Institute) was used to calculate the annual percent
change (APC) with 95% CI in AAMR.Y” This technique uses
log-linear regression models when temporal variation occurs
to identify significant changes in AAMR across time. Model
selection was performed using the Monte Carlo Permutation
method to identify the simplest model that best fit the data,
allowing for a maximum of 3 joinpoints (4 segments) for the
study duration. APCs were classified as rising or falling using
2-tailed t-testing if the slope showing the change in mortality
showed a significant deviation from zero. A p<0.05 was con-
sidered statistically significant. To validate our primary find-
ings and to address potential misclassification bias inherent
to contributing-cause coding, we conducted a formal sensi-
tivity analysis. We restricted mortality data to only hyperten-
sive heart disease with HF (111.0) as the underlying cause of
death, from 1999 to 2020.
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Results

Between 1999 and 2020, a total of 378,851 HTN-related
deaths occurred among older patients (aged 265 years) with
HF (Supplementary Table 1). Among these, 34.7% occurred
in nursing homes/long-term care facilities, 31.2% occurred
at home, 24.6% occurred in medical facilities, and 4% oc-
curred in hospices (Supplementary Table 2).

Overall trends for hypertension-related mortality
in heart failure

The AAMR for HTN-related deaths in patients with HF was
31.8 in 1999 and 66.1 in 2020. There was a rise in overall
AAMR from 1999 to 2005 (APC: 3.2; 95% Cl: 2.2 to 4.7), fol-
lowed by a decrease from 2005 to 2009 (APC: -2.6; 95% ClI: -
4.6 t0-0.7). There was a period of stability from 2009 to 2014
(APC: 0.7; 95% Cl: -0.7 to 9.7), which was followed by a sig-
nificant increase in AAMR from 2014 to 2020 (APC: 10.9; 95%
Cl: 9.9 to0 12.6) (Figure 1) (Supplementary Tables 3 and 4).

Gender stratification

The overall AAMRs were consistently higher in older women
compared to older men throughout the study duration (over-
all AAMR women: 41.7; 95% Cl: 41.6 to 41.9; men: 37.5; 95%
Cl:37.2t037.7). In 1999, the AAMR for older women was 34
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8.9) 2015-2020 APC 12.8* (95% CI,11.7 to 14.9)

Age-Adjusted Mortality rate per 100,000

(95% Cl: 33.2 to 34.7), which increased to 41.1 in 2005 (APC:
3.2;95% Cl: 2.2 to 4.4), followed by a decrease to 35.9 in 2009
(APC: -3; 95% Cl: -4.8 to -1.2). There was a period of stability
until 2014 (APC: 0.05; 95% Cl: -1.1 to 8.8), followed by a sub-
stantial rise to 65.4 in 2020 (APC: 10.2; 95% Cl: 9.4 to 11.7).
Likewise, the AAMR for older men in 1999 was 26.6 (95% Cl:
25.7 to 27.6), which increased to 32.1 in 2005 (APC: 3.2; 95%
Cl: 2.1 to 5.9), followed by a period of stability until 2011
(APC: -0.7; 95% ClI: -3.7 to 0.4). There was an increase in
AAMR to 36.9in 2015 (APC: 4.8; 95% Cl: 2.1 to 8.9), followed
by a significant increase to 65.8 in 2020 (APC: 12.8; 95% ClI:
11.7 to 14.9) (Figure 1) (Supplementary Tables 3 and 4).

Racial stratification

The overall AAMRs were the highest in NH Black or African
American patients (AAMR: 64.1; 95% Cl: 63.6 to 64.7), fol-
lowed by NH White (AAMR: 38.9; 95% Cl: 38.8 to 39.1), NH
American Indian or Alaska Native (AAMR: 38.3; 95% Cl: 36.3
to 40.3), Hispanic or Latino (AAMR: 34.3; 95% CI: 33.9 to
34.8), and NH Asian or Pacific Islander (AAMR: 26.2; 95% Cl:
25.6 to 26.8). For the NH American Indian or Alaska Native
population, there was a period of stability from 1999 to 2014
(APC: 3.1; 95% Cl: -1.9 to 4.7), followed by an increase until
2020 (APC: 9.6; 95% Cl: 6.4 to 19.1). For NH Asian or Pacific
Islanders, there was a period of stability from 1999 to 2006
(APC: 2.5; 95% Cl: -0.05 to 13.9), followed by a decline until

=== Overall 1999-2005 APC 3.2* (95% Cl,2.2 to 4.7) 2005-2009 APC -2.6* (95% Cl, -4.6 to -0.7) 2009-2014 APC 0.7 (95%Cl, -
20 0.7 t0 9.7) 2014-2020 APC 10.9* (95% Cl, 9.9 to 12.6)

==#==Men 1999-2005 APC 3.2* (95% Cl,2.1 to 5.9) 2005-2011 APC -0.7 (95% O,-3.7 to 0.4) 2011-2015 APC 4.8* (35% Cl,2 to

=== \Women 1999-2005 APC 3.2* (95% {,2.2 to 4.4) 2005-2009 APC -3* (95% Cl, -4.8 to-1.2) 2009-2014 APC 0.1 (95% CI,-
1.1to08.7) 2014-2020 APC10.2 (95% C1,9.4 to 11.7)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Figure 1. Overall and sex-stratified hypertension-related heart failure age-adjusted mortality rates per 100,000 in older adults in the United States,
1999 to 2020. *Indicates that the annual percentage change (APC) is significantly different from zero at a=0.05.
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2014 (APC:-2.8;95% Cl:-9.9to -0.7), and an increase from
2014 to 2020 (APC: 7.8; 95% Cl: 5.4 to 12.4). For both the NH
Black or African American and the Hispanic or Latino popu-
lation, there were multiple periods of stability until 2015. For
NH Black or African Americans, there was an increase in
AAMR from 2015 to 2018 (APC: 6; 95% Cl: 0.5 to 7.2), fol-
lowed by a significant rise until 2020 (APC: 11.3; 95% Cl: 8.5
to 13.5). For Hispanic or Latino people, there was an increase
in AAMR from 2015 to 2020 (APC: 9.9; 95% Cl: 6.4 to 16.8).
For NH Whites, there was a rise in AAMR from 1999 to 2005
(APC: 3.6; 95% Cl: 2.3 to 5.6), followed by two periods of sta-
bility until 2014, and a substantial increase from 2014 to
2020 (APC: 11.9; 95% Cl: 10.7 to 14.2) (Figure 2) (Supplemen-
tary Tables 3 and 5).

Geographical stratification

There was a significant variation in AAMRs across different
states. Mississippi had the highest mortality rates (AAMR:
109.6; 95% Cl: 107.3 to 111.9), while Hawaii had the lowest
(AAMR: 20.2; 95% CI: 19 to 21.5). States in the top 90 per-
centile with the highest AAMRs included Mississippi, Okla-
homa, Tennessee, Washington, and Arkansas. States with the
lowest AAMRs in the lower 10t percentile included Hawaii,
Connecticut, Massachusetts, Delaware, and Alaska (Figure 3)
(Supplementary Table 6). Throughout the study duration, the
highest mortality was seen in the Western region (AAMR:
48.5; 95% Cl: 48.2 to 48.9), followed by the Southern (AAMR:

90

43.2,95% Cl: 43 to 43.4), Midwestern (AAMR: 38.2; 95% Cl:
37.9 to 38.4), and Northeastern (AAMR: 29.8; 95% Cl: 29.6
to 30.1) (Supplementary Table 7).

Throughout the study duration, nonmetropolitan areas had
greater AAMRs than metropolitan areas, with overall AAMRs
of 44.9 (95% Cl: 44.6 to 45.2) and 39.5 (95% ClI: 39.4 to 39.6),
respectively. The AAMRs for both nonmetropolitan and met-
ropolitan areas increased from 1999 to 2005 (nonmetropol-
itan: APC: 3.9; 95% Cl: 2.9 to 5.1; metropolitan: APC: 2.9; 95%
Cl: 2 to 4.3). For nonmetropolitan areas, the AAMRs declined
from 2005 to 2011 (APC: -1.9; 95% Cl: -3.8 to -0.9), followed
by an increase until 2015 (APC: 3.1; 95% Cl: 0.5 to 6.4), and
a further rise until 2020 (APC: 12; 95% Cl: 11.1 to 13.4). For
metropolitan areas, the AAMRs decreased from 2005 to
2009 (APC: -2.6; 95% Cl: -4.5 to 0.9), followed by a period of
stability until 2014 (APC: 0.8; 95% Cl: -0.3 to 8.8), and a sig-
nificant increase from 2014 to 2020 (APC: 10.9; 95% Cl: 10
to 12.3) (Figure 4) (Supplementary Tables 3 and 8).

Sensitivity analysis

The AAMR for hypertensive heart disease with HF was 21.6
in 1999, which increased to 25.2 in 2005 (APC: 2.6; 95% Cl:
1.0to 5.2), followed by a decrease to 22.9 in 2013 (APC: -1.2;
95% Cl: -3.6 to -0.2). The AAMR remained stable from 2013
t0 2016 (APC: 6.7; 95% Cl: -0.9 t0 9.1). There was a sharp rise
in AAMR from 26.6 in 2016 to 42.6 in 2020 (APC: 12.1; 95%
Cl: 10.6 to 15.9).

e NH White 1999-2005 APC 3.5 (95% CI,2.3 to 5.6) 2005-2009 AP C -2.5 (95% CI, -4.8 to 0.2) 2009-2014 APC 1.2(95%Cl, -0.8to 10.7) 2014-2020 APC 11.9* (95% CI,10.7 to 14.2)

e NH Black 1999-2005 APC 1.6 (95% Cl,-0.1 to 3.3) 2005-2011 APC -3.2 (95% C1,-4.9 to 2.6) 2011-2015 APC 0.5(95% Cl, -4 to 1.8) 2015-2018 APC 6(95% C1,0.5 to 7.2) 2018-2020 APC 11.3* (95%

Cl, 8.5 to 13.5)

80 e NH American Indian or Abska Native 1999-2014 APC 3.1(95% Cl,-1.9 to 4.7) 2014-2020 APC9.6* (95% C1,6.4 to 19.1)
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20 . o
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Age-Adjusted Mortality rate per 100,000

NH Asian or Pacific Islander 1999-2006 APC 2.5(95% Cl,-0.04 to 13.9) 2006-2014 APC -2.8* (95% Cl,-9.9 to -0.7) 2014-2020 APC 7.8* (95% C|,5.4to 12.4)

70 e Hispanic 1999-2006 APC 3.6 (95% Cl,-6.3 to 17.5) 2006-2009 APC -6.4 (95% Cl, -10.3 to 12) 2009-2015 APC 2.4(95% Cl,-4.6 to 11.1) 2015-2020 APC 9.9* (%5% CI,6.4 to 16.8)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

Figure 2. Hypertension-Related Heart Failure age-adjusted mortality rates per 100,000 Stratified by Race in Older Adults in the United States, 1999 to
2020. *Indicates that the annual percentage change (APC) is significantly different from zero at a=0.05.
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Figure 3. Hypertension-Related Heart Failure age-adjusted mortality rates per 100,000 Stratified by States in Older Adults in the United States, 1999
to 2020.
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8- Metropolitan 1999-2005 APC 2.9* (95% Cl,2 to 4.3) 2005-2009 APC -2.6 (95% CI-4.5 to 0.9) 2009-2014 APC 0.8 (95%
€1,-0.3 to 8.8) 2014-2020 APC 10.9* (95% Cl,10to 12.3)

==@==Nonmetropolitan 1999-2005 APC 3.9* (95% Cl,2.9 to 5.1) 2005-2011 APC -1.9* (-3.8 to 0.9) 2011-2015 APC3.1*
(95% C1,0.5 to 6.4) 2015-2020 APC12* (95% Cl,11.1 to 13.5)
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Figure 4. Hypertension-related Heart Failure age-adjusted mortality rates per 100,000 Stratified by Urban-Rural Status in Older Adults in the United
States, 1999 to 2020.
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Discussion

In our nationwide analysis of CDC WONDER data for HTN-re-
lated HF mortality trends among US adults aged 65 years and
older between 1999 and 2020, we report several key findings.
First, the overall AAMR more than doubled during this time,
with a sharp increase after 2014. Second, women had higher
AAMR than men. Third, NH Black or African American people
had the highest AAMR compared to all other racial groups in
this age group. Fourth, regional disparities in AAMRs were also
observed; nonmetropolitan areas had higher AAMRs than
metropolitan areas, and the Western region had the highest
mortality among census regions. These findings highlight the
growing burden of coexisting HTN and HF in the aging U.S.
population. Understanding these demographic, regional, and
temporal trends and disparities is crucial to inform evidence-
based policies that enhance HTN control, improve access to
HF management, and allocate resources effectively to reduce
preventable cardiovascular deaths in this high-risk population.
Our findings are consistent with a previous study that demon-
strated rising mortality trends due to HF among older adults.*®
However, our study uniquely reports that HTN as a contribut-
ing cause in HF deaths has sharply accelerated in the past
decade. These increasing mortality trends could be attributed
to multiple reasons. The prevalence of HTN and HF increases
with age.>® This is because aging is associated with arterial
stiffness, impaired neurohormonal and autonomic regulation,
and endothelial dysfunction, which results in worsening of
HTN.**2° Moreover, aging results in decreased beta-adrenergic
stimulation, impaired inotropic and chronotropic responses,
dysregulation of calcium release, and impaired cardiac con-
tractility.? These factors, along with a higher incidence of car-
diovascular risk factors in the older population,?? result in
higher prevalence and worsening of HF in this age group. The
number of older individuals in the US is increasing with time.?
Additionally, aging is associated with higher mortality due to
HF, with 1 and 5-year mortality rates of 7.4% and 24.4% for
60-year-olds and 19.5% and 54.5% for 80-year-olds, respec-
tively.? The sharp rise in mortality trends after 2014 for differ-
ent demographic and ethnic groups could be attributed to
decreased blood pressure control after 2014. HTN control im-
proved from 32.2% in 1999-2000 to 53.8% in 2009-2010.24?
The HTN control stayed constant from 2009 to 2014 at
53.8%.2° This is consistent with our finding of a period of rela-
tive stability from 2009 to 2014. However, from 2015-2018,
adults aged 260 years had a substantial reduction in blood
pressure (BP) due to a significant decline in HTN awareness
and treatment effectiveness.?” According to data from the US
National Health and Nutrition Examination Survey (NHANES),
only 43.7% adults with HTN in the US had controlled BP.?¢ The
sharp rise in HTN-related HF mortality observed after 2014 in
our analysis parallels nationally documented declines in hy-
pertension control, particularly among adults aged 260 years,
despite relatively stable awareness and treatment rates.?%%’
After steady improvements through the early 2010s, popula-
tion-level blood pressure control plateaued and subsequently
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worsened, which temporally aligns with the inflection points
identified in our Joinpoint analysis. The consistency of this in-
crease across sex, racial/ethnic, regional, and urban—rural sub-
groups, along with the disproportionately higher mortality
observed among women, non-Hispanic Black adults, and non-
metropolitan populations, supports the interpretation that
loss of effective and sustained BP control, treatment inertia,
and disparities in longitudinal cardiovascular care are key pop-
ulation-level contributors to the rising mortality burden
among older adults with HF. These factors, in conjunction with
polypharmacy concerns, frailty, and therapeutic inertia in
older adults, may explain why older patients are experiencing
worsening outcomes despite advancements in management.
The inflection points identified by Joinpoint regression are in-
terpreted descriptively and are contextualized using estab-
lished epidemiologic data, including national trends in
hypertension awareness, treatment, and control, rather than
implying discrete causal events. These findings have important
implications for public health planning. Analyzing the hyper-
tension-related HF mortality trends allows for the timely iden-
tification of high-risk populations and informs the
development of various effective preventive strategies aimed
at improving HTN control and HF management in older
adults.®® Healthcare professionals can use this data to imple-
ment community-level interventions that reduce the burden
of cardiovascular mortality in this high-risk population.?®

We also observed significant gender disparities, with older
women demonstrating higher AAMRs than older men. This is
in contrast to a previous study where older men had higher
HF mortality rates.’® One of the reasons could be that HTN is
more common in older women aged 65 years or older com-
pared to men in the same age group (70.2% vs 65.4%).3 This
can be explained by the inherent biological differences be-
tween the 2 sexes, including differences in sex hormones and
gene expression.?3 Elderly women have a higher risk of mor-
bidity and mortality from cardiovascular diseases, especially
those with HF.3* Additionally, the prevalence of HF increases
with age, and older women have a greater risk compared to
men. The incidence rates of HF at each 10-year interval after
65 are doubled for men and tripled for women, especially for
heart failure with preserved ejection fraction (HFpEF).32 HTN
has a greater association with HF in women compared to
men.3® Furthermore, women are less frequently referred for
specialized treatment or diagnostic evaluations, and they re-
ceive fewer interventions, such as revascularization, im-
plantable cardioverter defibrillators (ICDs), cardiac
resynchronization therapy (CRT), or mechanical circulatory
support.® This is consistent with higher mortality trends ob-
served among women in our study.

Our results demonstrate significant differences in mortality
rates among different racial groups. Older NH Black or African
American (AA) adults had the highest AAMRs, while NH Asian
or pacific islanders had the lowest. This is consistent with the
prevalence of these conditions. NH AAs have the highest
prevalence of both HTN and HF compared to other racial
groups.>33 Additionally, the proportion of people with well-
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controlled BP was lower in NH AAs compared to other racial
groups, which could be attributed to poor educational status
and low income.?* NH AAs also have a higher incidence of
other cardiovascular risk factors and mortality from HF com-
pared to other racial groups.®> Previous studies have reported
that NH Asians have the lowest prevalence of HTN and HF
compared to other groups.®>3¢ A study demonstrated that
AAMRs for HF per 100,000 were highest for NH Black individ-
uals at 41.4, followed by NH Whites at 33.1, NH American In-
dian or Alaska Natives at 21.1, Hispanic or Latinos at 18.18,
and NH Asian or Pacific Islander individuals at 12.9 in 2020.5
This is entirely consistent with our findings of mortality rates
in these groups. These disparities could be due to differences
in underlying pathophysiology, sociocultural factors, environ-
mental and behavioral factors.?” Targeted policies for reducing
racial disparities should focus on improving access to care and
expanding community-based prevention programs. Culturally
tailored interventions might help in addressing differences in
treatment, awareness, and outcomes among high-risk groups
like older NH black adults.

Significant regional variations were also observed in our study.
Mississippi had the highest HTN-related HF mortality rates
across all states. In Census regions, the Western region had the
highest AAMRs, while the Northeastern region had the lowest.
This is in contrast to previous data, which suggests that the
Midwestern region has the highest prevalence and mortality
rates due to HF.'338 However, when HTN is the contributing
cause, the Western region has the highest mortality burden.
Mississippi has the highest cardiovascular mortality across the
entire US.3® This is consistent with our findings. These dispari-
ties could be due to variations in healthcare quality, changes
in population demographics, and specific regional patterns of
uncontrolled HTN. Our findings highlight the need for large,
population-based studies to investigate the underlying causes
of regional variations in HTN-related HF mortality. Understand-
ing these differences is crucial to formulate region-specific
strategies and optimize healthcare delivery across the U.S.
We also observed that nonmetropolitan areas have higher
HTN-related HF mortality rates than metropolitan areas. This
is consistent with previous studies.'®3°The elevated AAMRs in
rural regions may be associated with a low socioeconomic sta-
tus, a lack of healthcare infrastructure, a scarcity of healthcare
providers, and a reduced ability to access preventive serv-
ices.*® Access to primary and specialty care should be strength-
ened, which can help improve HTN control and reduce
HF-related mortality in underserved rural areas. Although for-
mal sensitivity analyses and multivariable adjustment were
not feasible using aggregate death certificate data, several an-
alytic features support the robustness of these findings. All
mortality rates were age-adjusted to the 2000 U.S. standard
population to account for population aging, and disparities
persisted across sex, racial/ethnic, regional, and urban-rural
strata. Importantly, the relative excess mortality observed
among non-Hispanic Black adults, residents of Western states,
and nonmetropolitan populations was consistent over time
and became more pronounced after 2014, arguing against de-
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mographic shifts alone as an explanation. These patterns are
therefore best interpreted as stable population-level dispari-
ties rather than causal effects at the individual level.

Limitations

Our study has several limitations. First, this study relies on
death certificate—based ICD-10 coding, which may be subject
to misclassification or underreporting of hypertension as a
contributing cause in patients with heart failure. However, the
use of a consistent ICD-10 framework across the entire study
period and the presence of parallel trends across demographic
and geographic subgroups support the interpretation that the
observed patterns reflect population-level epidemiologic
changes rather than isolated shifts in coding practices. This in-
terpretation is further strengthened by our sensitivity analysis,
which showed that mortality due to hypertensive heart dis-
ease with HF followed a similar upward trend over the last
decade. Second, while we used HTN as the contributing cause
and HF as the underlying cause of death, the causal relation-
ship cannot be confirmed due to the observational nature of
the data. Third, our analysis does not account for individual-
level important clinical factors such as ejection fraction, med-
ication use, comorbidities, or healthcare access, which could
influence outcomes. Fourth, Cause-of-death data from CDC
WONDER do not include clinical phenotypes such as ejection
fraction; therefore, we could not stratify deaths by HFrEF vs
HFpEF, which is particularly relevant given the disproportion-
ate contribution of hypertension to HFpEF in older adults.
Lastly, although stratification was performed by major demo-
graphic and geographic variables, residual confounding may
still exist due to unmeasured socioeconomic and environmen-
tal factors.

Conclusions

In this nationwide analysis of CDC WONDER data, we found
that HTN-related HF mortality among U.S. adults aged 65 years
and older has increased substantially over the past two
decades, with a particularly sharp rise since 2014. This upward
trend was consistent across nearly all demographic and geo-
graphic subgroups, including sex, race, region, and urban-rural
status. Women, NH Black individuals, residents of the Western
US, and those living in nonmetropolitan areas had higher mor-
tality rates. These findings highlight an urgent public health
concern and emphasize the need for efforts to improve HTN
control and HF management in older adults.
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