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ABSTRACT
Hypertension (HTN) is a significant risk factor for heart failure (HF), and both significantly contribute to cardiovascular mortality.
This study aims to examine trends and disparities in HF-related mortality among hypertensive older adults (≥65 years) in the
United States from 1999 to 2020. Centers for Disease Control and Prevention—Wide-ranging Online Data for Epidemiologic
Research (CDC-WONDER) database data were analyzed, focusing on HTN as the underlying cause and HF as the contributing
cause of death. Age-adjustedmortality rates (AAMRs) and crude rates were stratified by gender, race/ethnicity, age groups, urban–
rural status, and geographic regions. The Joinpoint regression program was used to calculate annual percentage changes (APCs)
and average annual percentage changes (AAPCs). A total of 259 079 HF-related deaths occurred among hypertensive older adults,
with an overall AAMR increase from 11.27 in 1999 to 41.05 in 2020, indicating a clear upward trend (AAPC: 5.51%). Females had
higherAAMRs (28.57) thanmales (25.56); however,males showed a steeper rise inmortality (AAPC: 6.15% vs. 5.23%). Non-Hispanic
Blacks had the highest AAMR (43.99), while NH Whites exhibited the most significant increase (AAPC: 5.92%). Mortality rates
were highest in the West (AAMR: 34.57) and lowest in the Northeast (21.44). Non-metropolitan areas had a higher AAMR than
metropolitan areas (30.69 vs. 26.52). These findings emphasize the necessity for targeted interventions to diminish disparities and
tackle increasing mortality rates in vulnerable populations, especially among women, NH Blacks, individuals in the West, and
those living in non-metropolitan areas.

1 Introduction

Hypertension (HTN) and heart failure (HF) are the second and
the third leading causes of death due to cardiovascular diseases,
after coronary heart disease [1]. According to the World Health
Organization (WHO), HTN is the persistent elevation of systolic

or diastolic blood pressure (BP) to or above 140 and 90 mm
Hg, respectively [2]. It is the leading cause of CVS morbidity
and premature mortality, with a global disease prevalence of
31.1% in the adult population (1.39 billion adults worldwide)
[3]. Although there are advancements in the health care system
and better knowledge and treatment options available, mortality
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due to HTN is on the rise in the United Status [4]. HF has
also shown an overall increase in age-adjusted mortality rates
(AAMRs) in young adults in the United States [5]. It has
shown a trend of increasing prevalence in the elderly population
globally, especially in low andmiddle-income regions [6]. Despite
advancements in management techniques and medications, HF
still has a poor prognosis [7] and accounts for 9.91 million years
lost due to disability worldwide and a global economic burden of
$346.17 billion [6].

HTN accounts for one of the leading etiologies of HF, with the
association being higher for HF due to preserved ejection fraction
[8]. The traditional culprit for this association has been left ven-
tricular hypertrophy and diastolic dysfunction. Still, HTN plays a
role in HF in several ways, including but not limited to both dias-
tolic and systolic dysfunction as well as neurohormonal changes
resulting from chronic activation of the renin-angiotensin-
aldosterone system, causing deleterious effects on the heart due to
increased hemodynamic stress [9, 10]. HF with underlying HTN
is associated with high mortality rates, with some trials, such as
ALLHAT, showing up to 85% 10-year mortality [11].

Although the role of HTN in HF is well established, there is
limited data on mortality trends due to HF in the population
with underlying HTN. That’s why we undertook this study
to identify the trend of HF-related mortality in hypertensive
patients and variations of this trend in different demographics
and regions of the US. It will help identify populations at risk and
aid policymakers and healthcare professionals, enabling prompt
steps to be taken to lessen these disparities.

2 Methods

2.1 Study Design

The datasets analyzed during this study were generated from
the Centers for Disease Control and Prevention Wide-Ranging
Online Data for Epidemiologic Research (CDC-WONDER)
Database [12], which is an extensive repository of death certificate
data fromall the states of theUS and theDistrict of Columbia. The
multiple cause of death data was used to identify the individuals
aged 65 years and above, with HTN as the underlying cause of
death (UCD) and HF as the contributing cause of death. The data
were retrieved using the International Classification of Diseases
Tenth Revision (ICD-10) code I10-I15 for hypertensive diseases
and I50 for HF. According to the US Department of Health and
Human Services, the UCD of death is defined as the disease
or injury that initiated the chain of events that directly led to
death [13]. Similar codes for HF and HTN have been employed in
earlier studies with a similar study design [4, 5, 14]. When HTN
is mentioned as the UCD, it implies that HTN developed first and
triggered the pathophysiological changes that ultimately resulted
in death. In this scenario, where HTN is listed as the UCD and
HF as the contributing cause of death, HTN is considered the
root cause that led to the development of HF, which became the
immediate cause of death. We listed HTN as the UCD and HF
as the contributing cause of death to generate the datasets. The
study was not deemed necessary for institutional review board
approval, as the data are de-identified, government-issued, and
publicly available. This study adheres to the reporting standards

of the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines [15].

2.2 Data Extraction

The data were extracted by population, gender, race or eth-
nicity, age groups, place of death, urban–rural classification,
census regions, and states. Race or ethnicity was classified as
Hispanic or Latino, Non-Hispanic (NH) Asian or Pacific Islander,
NH American Indian or Alaska Native, NH Black or African
American, and NH White. The place of death was categorized
into medical facilities, the decedent’s home, nursing homes
or long-term care facilities, hospice centers, and others. The
age groups were divided into 10-year intervals from 65 to 85+
years. The census regions were classified into the Northeast,
the Midwest, the South, and the West. The National Center for
Health Statistics Urban–Rural Classification Scheme was used
to access the population by metropolitan (large central, large
fringe, medium and small metropolitan) and non-metropolitan
(micropolitan and non-core) areas [16].

2.3 Statistical Analysis

The data are reported in AAMRs and crude death rates (CR).
The AAMRs were determined by applying age-specific mortality
rates to the age distribution 2000 US standard population,
resulting in a weighted average for equitable comparisons of
mortality rates across various populations or time periods [17].
CRs were calculated by dividing the number of deaths by
the total population of each respective year. The AAMRs and
CRs were used to analyze the deaths stratified by gender,
race or ethnicity, census region, urban-rural classification, and
state.

The Joinpoint Regression Program 5.0.2 [18] was used to calculate
the Annual Percentage Changes (APCs) and Average Annual
Percentage Changes (AAPCs) with 95% Confidence Intervals
(CIs). This software analyzes the trends to determine the
simplest joinpoint model. Beginning with the fewest joinpoints,
it evaluates the statistical significance of adding more joinpoints
up to a specifiedmaximum limit, usingMonte Carlo Permutation
Tests [19]. To classify APCs as either increasing or decreasing,
we used a two-tailed t-test to determine if the slope representing
the change in mortality deviated significantly from zero.
Additionally, to compare the trends between different groups,
we utilized the pairwise comparison feature in Joinpoint, which
tests the equality of the slopes between the groups, indicating
whether the trends are parallel. This method followed the
default procedure of Joinpoint, as described by Kim et al. [20].
Positive, non-overlapping CIs above zero indicate a significant
increase, and negative, non-overlapping CIs below zero indicate
a substantial decrease in rates. A p value of less than 0.05 was
considered statistically significant.

3 Results

A total of 259 079 (100%) HF-related deaths occurred in
hypertensive older adults (aged ≥65 years) in the United States
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TABLE 1 Deaths, rates, and changes in heart failure mortality in hypertensive older adults (≥65 Years), 1999–2020.

Variable Number of death AAMRs (95% CI) AAPCs (95% CI)

Overall 259 079 (100%) 27.72 (27.61–27.83) 5.5107a (4.5859–6.3462)
Sex
Female 170 425 (65.78%) 28.57 (28.43–28.7) 5.2274a (4.3104–6.0687)
Male 88 654 (34.22%) 25.56 (25.39–25.73) 6.1482a (5.147–7.2589)
Census region
Northeast 41 649 (16.08%) 21.44 (21.23–21.65) 5.8438a (4.9474–6.7164)
Midwest 58 504 (22.58%) 26.78 (26.57–27) 5.2072a (4.4136–6.4768)
South 91 021 (35.13%) 27.74 (27.56–27.92) 5.7772a (4.1007–7.4831)
West 67 905 (26.21%) 34.57 (34.31–34.83) 4.7784a (4.1428–5.6967)
Urbanization
Metropolitan 207 634 (80.14%) 26.52 (26.38–26.67) 5.0871a (4.2346–6.1324)
Non-Metropolitan 51 445 (19.86%) 30.69 (30.43–30.96) 6.2246a (5.1735–7.2624)
Race and ethnicity
NH Asian or Pacific Islander 5859 (2.26%) 19.42 (18.92–19.91) 3.0918a (2.347–4.3007)
NH Black or African American 32 366 (12.49%) 43.99 (43.51–44.47) 3.7360a (2.8562–4.6497)
NHWhite 205 750 (79.42%) 26.48 (26.37–26.6) 5.9159a (4.9532–6.8222)
Hispanic or Latino 13 592 (5.25%) 24.04 (23.63–24.44) 5.2662a (4.0446–7.7638)
Age groupsb

65–74 years 28 343 (10.94%) 5.55 (5.49–5.62) 4.9366a (3.8308–6.2636)
75–84 years 67 020 (25.87%) 22.45 (22.28–22.62) 5.0306a (4.2338–5.7609)
85+ years 163 716 (63.19%) 136.98 (136.32–137.65) 5.8372a (4.8573–6.7574)
States with the highest % increase
Massachusetts 3224 13.66 (13.18–14.13) 3.7909a (1.6791–7.4048)
Tennessee 8294 46.02 (45.02–47.01) 8.1982a (6.4665–10.2826)
States with the lowest % increase
Colorado 2618 21.51 (20.69–22.34) 2.0047a (0.7986–3.1479)
New Hampshire 939 22.34 (20.91–23.78) 0.7856 (−0.8884–2.5234)

Abbreviations: AAMRs, age-adjusted mortality rates; AAPC, average annual percentage change; CI, confidence interval.
aAverage annual percentage change (AAPC) is significantly different from zero at alpha = 0.05.
bCrude mortality rates were used for age-group analysis.

from 1999 to 2020 (Table 1). Among these, 36.06% occurred
within nursing homes/long-term care facilities, 24.46% in
medical facilities, 4.08% in hospices, and 5.35% at the decedent’s
home (Tables S1–S6).

3.1 Overall Trends for HF-Related Mortality in
HTN

The overall AAMR for HF-related deaths during the study period
was 27.72 (95%CI, 27.61–27.83). TheAAMR increased from 11.27 in
1999 to 41.05 in 2020, with an average annual percentage increase
of 5.51% (95% CI, 4.59–6.35), demonstrating an overall increasing
trend. (Figure 1, Table 1). The overall AAMR increased from 1999
to 2001 with an APC increase of 36.55% (95% CI, 19.52–49.12). The
mortality trend remained stable from 2001 to 2013, with a non-
significant APC of 0.13% (95% CI, −1.09 to 0.99). Following this
stability, the overall trend exhibited a significant rise from 2013 to
2020 with an APC increase of 7.22% (95% CI, 5.70–9.35) (Figure 1,
Tables 1 and S7).

To account for the 2017 change in HTN diagnostic criteria, we
further divided the study period into two timelines: 1999–2017 and
2017–2020. Between 1999 and 2017, the AAMRs increased from
11.27 in 1999 to 33.54 in 2017, with an APC of 5.23% (4.15 to 6.15,
p < 0.05), indicating a steady rise. However, for 2017–2020, the
AAMR increased from 33.54 in 2017 to 41.05 in 2020, with an APC
of 7.22% (5.70–9.35, p< 0.05), reflecting a sharper rise inmortality
following the change in diagnostic criteria [21].

3.2 Stratification by Demographic Groups

3.2.1 Gender Stratification

Overall, 65.78% of deaths occurred in females and 34.22% in
males (Table 1). During the study period, older adult females
had a higher AAMR (28.57) than older adult males (25.56).
Despite having lower AAMRs than females, older adult males
exhibited a more significant rise in mortality with an average
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FIGURE 1 Trends in the overall age-adjusted mortality rates (AAMRs) related to heart failure in hypertensive older adults in the United States,
1999–2020.

FIGURE 2 Trends in sex-stratified age-adjusted mortality rates (AAMRs) related to heart failure in hypertensive older adults in the United States,
1999–2020.

annual percentage increase of 6.15% (95% CI, 5.15–7.26). In
comparison, older females exhibited a lower increase of 5.23%
(95% CI, 4.31–6.07) (Tables 1 and S7). The temporal trends and
APCs over the study period for both sexes are illustrated in
Figure 2.

The parallelism test rejected parallel trends between female and
male AAMRs, indicating the trends were significantly different
(p value < 0.05). However, the AAPC difference between the two
groups was not statistically significant, with a value of −0.92%
(−3.37 to 1.53), suggesting a 0.92% less rise in female AAPC than
in male AAPC.

3.3 Racial Stratification

From 1999 to 2020, the AAMR increased for all racial and ethnic
groups. NH Blacks or African Americans had the highest AAMR
(43.99) followed by NH whites (26.48), Hispanics or Latinos
(24.04), and NH Asians or Pacific Islanders (19.42). Although

NH African Americans had the highest AAMRs among all the
racial groups, NH Whites experienced the most significant rise
in mortality, with an average annual percentage increase of 5.92%
(95% CI, 4.95–6.82), followed by Hispanics at 5.27% (95% CI, 4.04–
7.76), NH African Americans at 3.74% (95%CI, 2.86–4.65). The
NHAsians or Pacific Islanders experienced the lowest percentage
increase inmortality of 3.09% (95%CI, 2.35–4.30) till the end of the
study period (Tables 1 and S8). The temporal trendswithAPCs are
illustrated in Figure 3.

The parallelism test rejected parallel trends between NHAsian or
Pacific Islander and Hispanic or Latino, indicating significantly
different trends (p value < 0.05). The AAPC difference between
the two groups was not significant, with a value of −2.17% (−5.96
to 1.61). Similarly, for NH Black and NH White, the trends were
significantly different, with a non-significant AAPC difference
of −2.18% (−4.62 to 0.26), showing a 2.18% greater rise in NH
White AAPC than in NH Black AAPC. NH Blacks also showed
a significantly different trend from Hispanics or Latinos with a
non-significant AAPC difference of −1.53% (−5.28 to 2.22). The
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FIGURE 3 Race and ethnicity-stratified trends in age-adjusted mortality rates (AAMRs) related to heart failure in hypertensive older adults in the
United States, 1999–2020.

pairwise comparison revealed parallel trends for the other racial
and ethnic groups.

3.4 Ten-Year Age Groups

Crude mortality rates increased consistently with age, with the
lowest rate in the 65–74 years age group (5.55) and the highest
in those over 85 years age group (136.98). The 65–74 age group
exhibited a slight annual increase in mortality of 4.94% (95%
CI, 3.83–6.26), while the age group over 85 years experienced a
significantly greater rise of 5.84% (95% CI: 4.86–6.76). This trend
highlights the increased vulnerability of older individuals with
HTN to HF-related deaths (Tables 1 and S11, Figure S3).

3.4.1 Stratification by Geographic Region

On pairwise comparison, non-parallel trends were observed
between the 65–74-year and 75–84-year age groups, with a relative
non-significant AAPC difference of −0.09% (−2.77 to 2.58). The
other age groups exhibited parallel trends with AAPC differences
that were not statistically significant.

3.5 Census Regions

Over the study period, the highest AAMR was observed in the
Western region (34.57), followed by the South (27.74), theMidwest
(26.78), and the Northeast (21.44). The AAMR for the Western
and Midwestern regions remained stable from 1999 to 2001,
followed by a sharp decline until 2012, with an upward trend re-
emerging in 2020. A similar pattern was observed in the Southern

and Northeastern regions. Notably, the Northeast had the most
significant greatest annual percentage increase of 5.84% (95% CI,
4.95–6.72), while the West had the lowest of 4.78% (95% CI, 4.14–
5.70). The annual mortality trend was also observed in the South
with an AAPC of 5.78% (95% CI, 4.10–7.48) and the Midwest
with an AAPC of 5.21% (95% CI, 4.41–6.48) (Tables 1 and S9).
Figure 4 illustrates the temporal trends with APCs for all the
census regions.

The parallelism test indicated significant non-parallel trends
between the Northeast and the Midwest, with a non-significant
AAPC difference of 0.64% (−2.17 to 3.45). The Northeast also
exhibited a significant non-parallel trend with the South, with a
relative AAPC increase of 0.07% (−2.85 to 2.98), which was non-
significant. The remaining regions showed parallel trends with
AAPC differences that were not statistically significant.

3.6 State Wise Distribution

There were significant regional differences in AAMR across dif-
ferent states, with the AAMRs ranging from the lowest of 13.48 in
Hawaii to the highest of 55.79 inMississippi. States in the top 90th
percentile included Mississippi, Tennessee, Oklahoma, Washing-
ton, South Dakota, and Iowa and had the AAMRs approximately
two to three times higher than those in the bottom 10th percentile,
which included Hawaii, Massachusetts, Connecticut, Pennsyl-
vania, Delaware, and New Jersey (Figure 5). States with the
highest percentage increase in AAMR included Massachusetts
and Tennessee, with the highest percentage increase in AAMR
of 879.09% and 771.69% from 1999 to 2020, respectively, while
thosewith the lowest percentage increase inAAMR includedCol-
orado (58.88%) and New Hampshire (23.40%) (Tables 1 and S12,
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FIGURE 4 Trends in age-adjusted mortality rates (AAMRs) related to heart failure in hypertensive older adults stratified by census regions in the
United States, 1999–2020.

FIGURE 5 Trends in age-adjusted mortality rates (AAMRs) related to heart failure in hypertensive older adults in the United States, mapped for
each State of the United States, 1999–2020.

Figure S2). The percentage change in mortality for every state is
provided in Table S13.

3.7 Urbanization

Non-metropolitan areas showed a higher AAMR (30.69) than
non-metropolitan areas (26.52), with an average annual percent-
age increase of 6.22% (95% CI: 5.17–7.26), also higher than the
AAPC increase of non-metropolitan areas, which was 5.09% (95%

CI: 4.23–6.13) (Tables 1 and S10, Figure S1). The parallelism test
revealed parallel mortality trends between metropolitan areas
and non-metropolitan areas, with a relative AAPC decline of
−0.86% (−3.31 to 1.59) in metropolitan areas, which was not
significant.

4 Discussion

This study examines the 20-year mortality trends in older adults
(65+ years) with pre-existing HTN, focusing on HF as the

6 of 12 The Journal of Clinical Hypertension, 2025



immediate cause of death between 1999 and 2020. Our analysis
reveals notable disparities in HF-related mortality trends among
hypertensive older adults, highlighting variations across various
demographic groups and geographic regions. These findings can
help inform health policies to mitigate current trends in HTN-
related HF mortality and protect vulnerable populations. First,
an overall increasing trend of HF-related mortality in HTN over
the last two decades was observed. This pattern of progressive
escalation was similar in both older men and women; however,
females exhibited higher AAMRs than males. Second, the US
Black population of our concerned age group displayed the high-
est mortality rates. Third, significant regional statistics included
the highest AAMRs demonstrated by the Western region, with
states such as Mississippi, Tennessee, Oklahoma, Washington,
and South Dakota falling in the top 90th percentile. Additionally,
non-metropolitan areas exhibited higher mortality rates than
metropolitan areas.

With approximately 6.7million people currently livingwithHF in
the United States, this number is expected to rise to 8.7 million by
2030, 10.3 million by 2040, and 11.4 million by 2050, accompanied
by a 24% lifetime risk of developing HF [22]. High BP has been
established as one of the key risk factors [10], and one in two
Americans have HTN [23]. Chronic HTN often culminates in
HF if left unmanaged [24]. In a cohort study conducted by
Levy et al., HTN preceded HF in 91% of newly diagnosed cases
[25]. Almost four in 10 (39%) HF cases in men and nearly six
in 10 (59%) cases in women were attributed to HTN [25]. At
80 years of age, the lifetime risk of HF was discovered to be
around 20%, doubling for patients with BP of 160/100 mm Hg
compared to those with 140/90 mm Hg [26]. In hypertensive
patients, left ventricular (LV) diastolic dysfunction is often the
first sign of heart disease [24]. Prolonged pressure overload leads
to concentric LV hypertrophy, progressing to HF with preserved
ejection fraction [24]. Alternatively, hypertensive heart disease
can also precipitate dilated cardiomyopathy, characterized by
both diastolic dysfunction and reduced ejection fraction, thereby
leading to HF [24].

In our analysis of the overall 20-year escalating trend, we report
a gradual rise from 1999 to 2006, followed by a brief decline
from 2006 to 2009. Rates resumed an upward trend post-2009.
This observed pattern is attributable to a multifaceted array of
factors. Enhanced diagnostic methodologies introduced between
1999 and 2006 likely facilitated improved detection of HF and
increased reporting on death certificates, thereby contributing
to the initial escalation. Such enhanced techniques included
ImpedanceCardiography,Doppler Echocardiography, and testing
for B-type natriuretic peptide (BNP) serum levels for diagnosing
HF [27–29]. The increased identification of HTN beyond the early
1990s was also made possible due to increased BP screening,
with approximately 80% of Americans having their BP checked
annually [30]. Thewidened availability of BPmonitoring at home
and Ambulatory Monitoring (ABP), along with encouragement
for their use as supplementary sources of information in clinical
practice, also made significant contributions [31]. Consequently,
rates of BP control increased from 31.8% in 1999–2000 to 49.5% in
2007–2008 [32].

Following 2006, advancements inHF treatment andmanagement
strategies, as well as heightened public awareness initiatives

around HTN, explain the subsequent decline in rates. HTN
treatment rates increased from 59.8% to 74.7% between 1999–
2000 and 2011–2012, and control rates also improved, rising
from 32.2% to 51.2% [32]. Factors contributing to this improved
control included health insurance coverage, frequent healthcare
visits, and guideline-based cholesterol treatment [33]. As high-
lighted by Muntner et al., controlled BP was more likely to be
achieved among those with private insurance (48.2%), Medicare
(53.4%), or other government health insurance or Medicaid
(43.2%), compared to patients without health insurance (24.2%)
[32]. Key pharmacological advances in HF management, includ-
ing Angiotensin receptor-neprilysin inhibitors (ARNI), sodium-
glucose co-transporter inhibitors (SGLT2i), and glucagon-like
peptide-1 agonists (GLP-1 RA) have provided new therapeutic
options to improve patient outcomes [34]. These drugs offered
new treatment options, improving patient outcomes. However,
post-2009 mortality rates increased. The US BP control progress
plateaued and subsequently declined during and after 2009 [32],
indicating an increasing prevalence leading to worsening HTN
outcomes as depicted in our study.

SGLT2 inhibitors and ARNIs significantly reduce the risk of
HF events and improve left ventricular ejection fraction, under-
scoring their potential role in HF management [35, 36]. SGLT2
inhibitors were approved for HF in 2020, while ARNIs were
approved in 2014. However, our analysis showed that post-2013,
the HF mortality in hypertensive patients was on the rise. One
potential reason for this could be the limited adoption of these
new drugs. The Get with the Guidelines for HF (GWTG-HF)
registry indicated that nearly 70% of patients hospitalized for
HF with reduced ejection fraction (HFrEF) would be eligible
for ARNIs [37]. In contrast, only 2.3% of patients hospitalized
for HFrEF were prescribed ARNIs at the time of discharge
within the first 12 months following FDA approval [38]. The
underprescription of ARNIs and SGLT2 inhibitors remains an
issue today, with the prevalence of ARNI use at 11% and SGLT2
inhibitor use at 6%. Furthermore, the utilization of ARNIs
and SGLT2 inhibitors is notably lower among female patients,
individuals older than 85, and patients with comorbid conditions
such as diabetes, stroke, chronic kidney disease, and chronic
obstructive pulmonary disease [39]. Additionally, other factors
such as the increasing prevalence of comorbidities and lifestyle
modifications, including continued smoking, increasing seden-
tary behavior, obesity, high blood cholesterol, and diabetes also
contributed to the rise [40]. BP control rates declined following
2013 despite increasing awareness of HTN [41, 42]. This con-
tributed to the adverse cardiovascular outcomes and elevated risk
of HF development in hypertensive populations. Our results are
also consistent with the data reported by HFSA (HF Society of
America), which reports an increase in HF mortality rates since
2012, with a pronounced acceleration in 2020 [22]. Furthermore,
our analysis revealed a sharper incline in AAMRs following the
2017 ACC/AHA Hypertension Clinical Guidelines. The revised
criteria lowered the threshold for HTN diagnosis from 140/90 to
130/80 mm Hg [21]. This change likely led to more individuals
being classified as hypertensive, contributing to the increased
mortality rate.

HF-relatedAAMR inhypertensive patients exhibited a significant
gender disparity, with older women demonstrating higher rates
than older men. This contrasts the results reported by Siddiqi
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et al., where older men in the general US population exhibited
highermortality rates due to HF alone [42]. This can be explained
based on the prevalence of HTN between the sexes. Previous
studies have reported significant BP differences between genders
in the US population, with 71.6% of males classified as normoten-
sive compared to 69.7% of females [43]. The risk for developing
HTN in normotensive males is two-fold compared to three-fold
in normotensive females [25]. Additionally, recent studies report
that females experience a much sharper increase in BP from the
third decade of life, and consequently, the prevalence of HTN
accelerates comparatively with age [44]. This is also consistent
with an analysis of US HTN-related mortality, which found that
older adult women displayed the highest AAMRs [45]. Women
also face a 1.1-fold higher risk of developing cardiovascular
disease per 10 mm Hg increase in systolic BP compared to
men [46]. The cause lies in the fact that there are fundamental
differences between men and women in the left ventricular
response to chronic load alteration, with males more likely to
develop eccentric left ventricular remodeling with stress and
females develop more concentric remodeling, making females
more susceptible to HF with preserved ejection and increasing
the risk of mortality as compared to men [47]. Left ventricular
chamber size increases in men with aging but remains stable
in women [48]. The absence of chamber dilation may render
the female heart more susceptible to impairments in systolic,
diastolic, or chronotropic reserves [49].

Our results demonstrate pronounced differences in mortality
rates across racial and ethnic groups. Older adult NH Blacks or
AfricanAmericans (AAs) exhibited the highest AAMRs, followed
by Non-Hispanic Whites and Hispanics or Latinos, while older
adult NH Asians had the lowest. These results are consistent
with the prevalence of HTN and HF in these racial groups. The
National Health and Nutrition Examination Survey (NHANES)
2011–2012, conducted by the CDC, indicated that the highest
prevalence ofHTN in theUSwas amongAfricanAmerican adults
(42.1%), compared to non-Hispanic Whites (28.0%), Hispanics
(26.0%), and non-Hispanic Asians (24.7%) [50]. Similarly, the
prevalence of HF from 2013 to 2016 was the highest among
African Americans at 5017 per 100 000 population, significantly
higher than other racial groups. For non-Hispanic Whites, the
prevalence during the same period was 2746 per 100 000 pop-
ulation [51]. The all-cause standardized cardiovascular disease
(CVD) mortality rate was also the highest among Black adults at
484.7 (397.3–599.1) per 100 000, followed by White adults at 384.5
(338.3–441.6), Hispanic adults at 292.4 (217.8–402.7), and adults
of other races/ethnicities at 255.1 (143.0–510.2) [52]. The diversity
of underlying causes, pathophysiology, genetic predispositions,
and sociocultural factors contributes to these variations in clinical
outcomes. The US Black population has one of the highest
prevalence rates of HTN worldwide [53], with HTN accounting
for 30% of all deaths in this population [54]. The impact of HTN
in NH AAs is also reported to be severe, with high prevalence
and severity, earlier onset, and extensive organ damage [54].
Consequently, the AA population has a 50% higher frequency of
HF andmortality [55], with hypertensive AAs being vulnerable to
more severe left ventricular impairment [56]. Blacks also respond
poorly to anti-hypertensive drugs such as Beta-blockers and ACE
inhibitors [57]. The reasons for this lie in the differences in
pathophysiology, including endothelial dysfunction, higher salt
sensitivity, and lower plasma renin levels in the black community

[58]. AAs also report a high prevalence of comorbidities such as
obesity and diabetes mellitus [54] and low BP control rates [32,
59] in comparison with other ethnic groups.

NHAsians had the lowest AAMRs in our data. A study conducted
by Yoon et al. found Asians to have the lowest HTN prevalence
of 24.9% as compared to Blacks, Whites, and Hispanics (41.2%,
28.0%, and 25.9%, respectively) [60]. These discrepancies also
parallel the trends in AAMR across racial groups reported in
our study. The American Heart Association estimates that Asians
have a lower risk of developing HTN (84.1%) compared to Blacks
(92.7%), Whites (86.0%), and Hispanics (92.4%) [61]. Additionally,
an investigation found nearly seven in 10 Asians with HTN to
be taking proactive steps to manage their condition, with 67.8%
receiving management, 64.3% adhering to medication, and 67.0%
seeking information to improve their health [62]. Our results are
also in line with the findings of Cheng et al., who reported a
lower incidence and prevalence of HF in Asians compared with
Black andWhite populations [63]. In our data, theNHwhite adult
population displayed the second-highest AAMRs. Our results
align with the conclusions drawn by Hicken et al., who reported
the highest HTN prevalence in Blacks (49%) and the second
highest in Whites (33%) within their study population [64].

Furthermore, we observed substantial regional variations in HF-
associated mortality among hypertensive adults, with the highest
burden in the western region and the lowest in the northeast-
ern region. Our findings present a contemporary paradox that
diverges from the existing body of literature. The southern regions
exhibit the highest incidence of HTN in older adults, with the
prevalence increasing by 0.6% from 2009 to 2017. The West,
however, had a decline of 0.2% from 2009 to 2017 [65]. Notably,
HTN-related mortality rates reveal a distinct geographic pattern,
wherein the South is afflicted with the highest mortality rates,
while the Northeast reports the lowest mortality rates [4]. In con-
trast, mortality rates attributed solely to HF among older adults
also exhibit regional disparity, with the Midwest representing
the highest mortality rates and the Northeast demonstrating the
lowest [42]. The states in the top 90th percentile (Mississippi,
Tennessee, Oklahoma, Washington, and South Dakota) had
AAMRs roughly three times the AAMRs in the bottom 10th
percentile (Hawaii, Massachusetts, and Connecticut). Mississippi
had the highest AAMR attributed to HF, with 109.6 deaths per
100 000 population in 2017 [66]. Such high mortality rates in Mis-
sissippi are attributed to worse cardiovascular outcomes, further
precipitated by a synergistic interplay of comorbidities, including
hypertensive disorders, diabetes mellitus, obesity, and sedentary
behavior, which collectively exacerbate the cardiovascular risk
[66, 67]. Geographical differences in health outcomes are also
moderated by the intersection of regional healthcare infras-
tructure disparities, environmental stressors such as climate
variability, and divergent state-specific policies [66].

Our analysis revealed a significant contrast between non-
metropolitan and metropolitan areas, with the former exhibiting
higher rates, with an overall escalation in both metropolitan and
non-metropolitan areas throughout the study period [68]. This
aligns with previous reports of higher cardiovascular mortality
rates in rural areas of the US compared to urban regions [69,
70]. This trajectory can be attributed to the disparate availability
of healthcare resources, including the density of primary care
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physicians (PCPs) and cardiologists in urban areas, as well as the
socioeconomic dichotomy between the populations of these two
regions [42]. In a study conducted byGermak et al., rural counties
displayed higher rates of hospital closures, and an 8.2% decrease
in both PCPs and cardiologists within 6 years following a hospital
closure [71]. It was also observed that rates of HTN management
were lower among those without access to a healthcare facility
(26.5%) than those with access (48.4%) [32]. The gap in healthcare
outcomes is also vast, with rural communities displaying a 20%
higher all-cause mortality rate than their urban counterparts
[72]. In rural areas, there is a diminished utilization of emer-
gency department services and hospitalizations [68], frequently
associated with lower use of guideline-recommended therapies
at discharge and shorter lengths of stay [73]. Furthermore,
HF patients discharged from rural hospitals were less likely
to be prescribed Cardiac resynchronization therapy (CRT) and
key elements of guideline-directed medical therapy (GDMT),
including angiotensin-converting enzyme inhibitor, angiotensin
receptor blocker, and ARNI therapy [73]. This elevated the risk
of hospital readmission, poor HTN management, accelerated
disease progression, and increased mortality. Efforts to reduce
rural-urban differences in HF-related mortality will require a
combination of diverse public health and clinical interventions
targeting the underlying cause [72].

To elucidate trends and disparities in HFmortality among hyper-
tensive populations, examining Social Determinants of Health
(SDOH) and their impact on health outcomes is also crucial [73].
SDOH encompasses a complex array of factors, including social,
environmental, economic, and psychosocial structures that play
a role in shaping health trajectories. These include issues such as
substandard housing, neighborhood deprivation, food insecurity,
limited access to recreational spaces, transportation barriers,
racial and socioeconomic segregation, structural racism, and var-
ious psychological stressors. Together, they promote unhealthy
behaviors leading to increased stress levels, sympathetic activity,
and inflammation, which elevates the risk of HTN [73]. In the
United States, 33% of the racial gap in unmanaged HTN between
Black and White populations can be explained by SDOHs [74].
Overall, Black individuals are more susceptible to low-income
conditions, limited education, disadvantagedneighborhoods, and
residence in health professional shortage areas. Furthermore,
restricted access to affordable, high-quality medical care, as well
as external factors like environmental pollution, can heighten
the prevalence of HTN [73]. Food insecurity, characterized by
inconsistent or limited access to nutritious food, is linked to
obesity, a major risk factor for HTN [75]. This connection is
fueled by the consumption of high-calorie, processed foods
during scarcity [76]. Additionally, numerous barriers prevent
individuals from lower socioeconomic strata from engaging in
regular physical activity. These include restricted access to recre-
ational facilities, concerns about neighborhood safety, lack of
personal motivation, and demanding time commitments [77, 78].
Psychological stressors such as social isolation or occupational
strain have also been associated with raised BP in the United
States [79, 80]. Moreover, the impact of SDOH can also lead to
non-adherence to recommendations from a healthcare provider,
including antihypertensive medication and a healthy lifestyle,
which is correlated with an increased risk of CVDs, such as HF
[81].

To address the trends in HTN-related HF mortality, it is crucial
to establish collaborative efforts between healthcare providers,
policymakers, and community leaders. Developing effective pre-
vention and management strategies can help combat the rising
trends, such as awareness campaigns focusing on HTN and its
present-day causes, as well as cardiovascular risks, including HF
[82].

Initiatives that promote healthy lifestyle choices, including phys-
ical activity, balanced diets, and stress reduction, should be
supported to reduce predisposition to HTN [83]. Additionally,
reducing salt intake, avoiding smoking, and limiting alcohol
consumption can also play a vital role in the prevention and
management of HTN [84]. Furthermore, culturally sensitive
interventions for high-risk communities based on racial classi-
fications should be implemented to ensure positive outcomes
[85]. Health education classes promoting active self-management
and social support should be introduced [86]. Efforts to improve
healthcare infrastructure, especially in non-metropolitan areas,
with improved access to healthcare services, medications, and
healthcare professionals, are also essential for reversing the rising
trends and disparities.

5 Limitations

Several limitations merit consideration when interpreting the
findings of this study. Firstly, in the reliance on International
Classification of Disease (ICD) codes, there is a risk of omission
or incomplete interpretation of mortality data of HF as a cause
of death in hypertensive older US adults [87, 88]. Secondly,
the database does not provide the data on the systolic and
diastolic BP, SDOH, and crucial clinical variables that would
facilitate a more nuanced characterization of HF in older hyper-
tensive populations, including vital signs, degree of BP control,
age at diagnosis, treatment compliance, ejection fraction, and
echocardiographic data. Lastly, the absence of socioeconomic
determinants of healthcare is a notable limitation.

6 Conclusion

This study highlights a significant increase in HF-related mortal-
ity rates among older adults with underlying HTN over the past
two decades, with an average annual percentage increase of 5.51%
in mortality rates. Significant disparities were observed across
gender, race and ethnicity, urban-rural areas, and geographic
regions, with the most vulnerable being women, NH Blacks, the
Western region, and non-metropolitan areas. Targeted healthcare
measures are needed to mitigate the increasing mortality burden
in vulnerable populations.
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