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ARTICLE INFO ABSTRACT

Handling editor: D Levy Introduction: By 2019, nearly 20 million people worldwide had hypertensive heart disease (HHD), resulting in
over 1.1 million deaths and 21.5 million disability-adjusted life years (DALYs). Hypertension is a significant

Keywords: factor in heart failure (HF), contributing to about a quarter of cases, increasing to 68 % in older adults. This study

Mortality

examines mortality trends among patients in the United States (US) affected by HHD and HF.

gearetrtf::;:; Methodology: This study used Centers for Disease Control and Prevention Wide-ranging Online Data for Epide-
HZSH disease miologic Research (CDC WONDER) data from 1999 to 2020 to analyze deaths in the United States among adults
Epidemiology aged 25 and older from HHD and (congestive) HF (ICD-10 code 111.0). Age-adjusted mortality rates (AAMRs)
Trends and annual percent change (APC) were calculated by year, sex, age groups, race/ethnicity, geographics, and
Racial disparity urbanization status.

Sex disparity Results: Between 1999 and 2020, AAMRs increased from 3.7 to 13.5 per 100,000 population, with a steep in-
Cardiology crease from 2014 to 2020 (APC: 14.44; 95 % CI: 11.12 to 20.62). Men had slightly higher AAMRs than women

(6.3 vs. 6.1). Additionally, AAMRs were highest among non-Hispanic (NH) Black individuals. Non-metropolitan
areas had higher AAMRs than metropolitan areas (6.6 vs 6.2). The average AAMR during the COVID-19
pandemic (2020-2022) was nearly three times the pre-pandemic average (1999-2019).

Conclusions: Mortality from combined HHD and HF has risen since 1999, with higher rates among men, NH Black
individuals, and those in non-metropolitan areas. Policy changes are needed to address these disparities and
enhance healthcare equity.

20-year follow-up period [3]. Another study demonstrated that in-
dividuals without hypertension and its associated risk factors, such as
obesity and diabetes, tended to live 3-15 years free from HF compared
to those with hypertension [4].

Prolonged hypertension triggers ventricular hypertrophy, culmi-
nating in both HF with preserved ejection fraction and HF with reduced
ejection fraction [5,6], resulting in the pathological state of hypertensive
heart disease (HHD). The Global Burden of Disease 2019 study reported

1. Introduction

According to the Global Health Observatory, approximately 12.8 %
of deaths worldwide are caused by hypertension [1]. Hypertension is a
powerful indicator of heart failure (HF) and is currently classified as the
second leading cause of HF [2]. Notably, the Framingham Heart Study
identified hypertension as a precursor in 91 % of HF cases during a
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Abbreviations
(APC) Annual percentage change

(AAMR) Age-adjusted mortality rates

(HF) Heart failure

(HHD) Hypertensive heart disease

(CVD) Cardiovascular disease

(NH) Non-Hispanic

(CDC WONDER) Centers for Disease Control and Prevention
Wide-ranging Online Data for Epidemiologic Research

a staggering 1.16 million deaths attributable to HHD globally, with
projections indicating a distressing rise to 1.57 million deaths by 2034
[7]. Common etiological factors for HHD include aging, hypertension,
obstructive sleep apnea, and obesity, which lead to both systemic and
pulmonary manifestations of HHD [8-10]. Ironically, although hyper-
tension precedes HHD, it paradoxically remains the most modifiable risk
factor for HF development.

As the burden of HHD-related HF grows, addressing its clinical,
economic, and societal impacts becomes paramount. Though the intro-
duction of novel therapies and updated guidelines significantly influ-
enced the life expectancy of individuals affected by these conditions,
there is still a gap in research about trends and disparities in mortality
due to HHD associated with HF, which our study aims to bridge.

2. Methodology
2.1. Study setting and population

We sourced mortality data from the Centers for Disease Control and
Prevention Wide-ranging Online Data for Epidemiologic Research (CDC
WONDER) Database. Using this resource, we applied the International
Statistical Classification of Diseases and Related Health Problems, 10th
Revision (ICD-10) code I11.0 for "hypertensive heart disease with
(congestive) heart failure" [11]. Our analysis centered on death certifi-
cates within the Multiple Cause of Death Public Use dataset, allowing us
to explore the mortality associated with these conditions in patients
aged >25 years. Institutional review board approval was unnecessary, as
we utilized a de-identified government-provided public-use dataset per
the Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) guidelines [12].

2.2. Data abstraction

Our analysis involved stratifying data based on abstracted de-
mographic variables, including population size, age distribution, sex,
racial/ethnic background, geographic location, urbanization level, and
place of death. The locations of death encompassed diverse settings:
inpatient facilities, outpatient clinics, emergency rooms, cases of sudden
death, residences, hospice/nursing homes, long-term care facilities, and
instances where the location remained unspecified. Racial and ethnic
categories were meticulously defined, including Hispanic (Latino), non-
Hispanic (NH) White, NH Black, NH American Indian/Alaskan Native,
and NH Asian.

Furthermore, we categorized the patients into ten-year intervals,
distinguishing young adults (25-44 years), middle-aged adults (45-64
years), and older individuals (65-85+ years) [13]. Geographically, we
employed the Urban-Rural Classification Scheme of the National Center
for Health Statistics to classify our study population. Urban areas housed
populations of 50,000 or more, whereas rural regions encompassed lo-
cales with fewer than 50,000 residents. Additionally, we divided the
United States into four regions based on the US Census Bureau’s clas-
sification: Northeast, Midwest, South, and West [14].
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2.3. Statistical analysis

We systematically examined sex, race/ethnicity, age, urbanization,
and census-related patterns by computing age-adjusted mortality rates
(AAMR) per 100,000 individuals. The 2000 US population served as the
baseline for AAMR standardization. To assess temporal changes in
mortality rates, we employed the Joinpoint Regression Program (version
5.0.2; National Cancer Institute) [15]. This analytical approach involved
fitting log-linear regression models to crude data trends, enabling us to
calculate the annual percentage change (APC) in AAMR and its 95 %
confidence interval (CI). To classify the APCs as increasing or
decreasing, we rigorously evaluated their statistical deviation from the
null hypothesis of zero change. Statistical significance was determined
using a two-tailed t-test with a threshold of p < 0.05. To assess the
impact of the COVID-19 pandemic on mortality trends, a separate
analysis was conducted using data from the pandemic vyears
(2020-2022). Additionally, the average AAMR prior to the pandemic
(1999-2019) was compared with that during the pandemic
(2020-2022).

3. Results

Between 1999 and 2020, 302,270 deaths occurred, where HHD with
HF was either the underlying or contributing cause (Supplemental
Table 1). The place of death was recorded for 284,739 cases: 34.7 % in
decedents’ homes, 30 % in nursing home/long-term facilities, 25.1 % in
medical facilities, and 4.4 % in hospices.(Supplemental Table 2).

3.1. Demographic trends in mortality

The AAMR was 3.7 (95 % CI: 3.6-3.8) 1999 and rose to 13.5 (95 %
CI: 13.4-13.6) in 2020. The overall AAMR significantly decreased from
1999 to 2004 (APC: 7.98; 95 % CI: 23.41 to —0.58) and then increased
substantially from 2004 to 2007 (APC: 42.72; 95 % CI: 21.70 to 57.57).
It slightly decreased from 2007 to 2014 (APC: 0.97; 95 % CI: 9.55 to
2.10) and sharply increased from 2014 to 2020 (APC: 14.44; 95 % CIL:
11.12 to 20.62) (Fig. 1, Supplemental Tables 3 and 4).

3.2. Sex stratification

During the study period, men’s AAMRs were comparable to women'’s
(Men: 6.3; 95 % CI: 6.3-6.4; Women: 6.1; 95 % CI: 6.0-6.1). In 1999, the
average AAMR for men was 3.1 (95 % CI: 2.9-3.2), which decreased
significantly to 2.3 (95 % CI: 2.2-2.4) in 2003 (APC: 11.64; 95 % CL:
33.99 to —1.85). It then rose significantly to 5.4 in 2006 (APC: 41.27; 95
% CI: 24.49 to 58.72), increased to 6.9 in 2015 (APC: 2.64; 95 % CI: 0.43
to 4.33), and sharply to 14.4 in 2020 (APC: 17.20; 95 % CI: 14.55 to
21.77). For women, the AAMR was 4.0 (95 % CI: 3.9-4.1) in 1999,
dropping to 2.5 (95 % CI: 2.4-2.6) in 2003 (APC: 16.90; 95 % CI: 42.69
to —4.40). It then rose to 6.3 in 2006 (APC: 47.66; 95 % CI: 24.87 to
70.74), slightly increased to 6.7 in 2015 (APC: 0.95; 95 % CI: 9.94 to
3.51), and sharply to 12.6 in 2020 (APC: 14.68; 95 % CI: 8.76 to 32.16)
(Fig. 1, Supplemental Tables 3 and 4).

3.3. Stratification by age groups

When stratified by age groups, older adults had the highest AAMRs
(28.5; 95 % CI: 28.3-28.6), followed by middle-aged adults (1.8; 95 %
CIL: 1.8-1.8) and young adults (0.3; 95 % CI: 0.3-0.3). Among young
adults, AAMRs significantly increased from 1999 to 2008 (APC: 13.23;
95 % CI: 8.22-49.51) and slightly increased from 2008 to 2020 (APC:
3.82; 95 % CI: 6.09 to 6.47). Middle-aged and older adults saw a
decrease from 1999 to 2003 (APC: 5.32; 95 % CI: 25.99 to 5.62 and APC:
15.41; 95 % CI: 37.35 to —5.92) respectively, followed by significant
increases (APC: 29.08; 95 % CI: 14.83 to 42.28 and APC: 44.87; 95 % CI:
23.84 to 63.94) respectively. From 2006 to 2016, middle-aged adults
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year

- Overall 1999-2004 APC -7.98* (-23.41t0 -0.58), 2004-2007 APC 42.72* (21.70 t0 57.57), 2007-2014 APC -0.97 (-9.55 t0 2.10),

2014-2020 APC 14.44* (11.12t0 20.62)

=& \Women 1999-2003 APC -16.90* (-42.69 to -4.40), 2003-2006 APC 47.66* (24.87 to 70.74), 2006-2015 APC 0.95 (-9.94 t0 3.51),

2015-2020 APC 14.68* (8.76 t0 32.16)

—8— Men 1999-2003 APC -11.64* (-33.99 t0 -1.85), 2003-2006 APC 41.27* (24.49 t0 58.72), 2006-2015 APC 2.64 (-0.43 t0 4.33),

2015-2020 APC 17.20* (14.55t0 21.77)

Fig. 1. Overall and sex-stratified hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000 in adults in the United States, 1999 to

2020.

* Indicates that the annual percentage change (APC) is significantly different from zero at @ = 0.05. AAMR = age-adjusted mortality rate.

showed a slight increase (APC: 3.43; 95 % CIL: 3.51 to 5.05), and older
adults had a similar trend from 2006 to 2015 (APC: 1.29; 95 % CI: 4.61
to 3.83). A steep upward trend was observed from 2016 to 2020 in
middle-aged adults (APC: 16.94; 95 % CI: 10.44 to 31.94) and from 2015
to 2020 in older adults (APC: 16.19; 95 % CI: 11.33 to 27.55) (Fig. 2,
Supplemental Tables 3 and 5).

3.4. Racial stratification

When stratified by race or ethnicity, AAMRs were highest among NH
Black (10.9; 95 % CI: 10.8-11.1), followed by NH American Indian or
Alaska Native (6.6; 95 % CI: 6.3-7.0), NH white (5.8; 95 % CI: 5.8-5.9),
70.0
60.0

50.0

40.0

Age-Adjusted Mortality Rate per 100,000

Hispanic (5.4; 95 % CL: 5.3-5.4), and NH Asian or Pacific Islander
populations (3.9; 95 % CIL: 3.8-4.0). From 1999 to 2006, AAMRs for
American Indians or Alaska Natives were unreliable, but they increased
slightly from 2006 to 2014, followed by a steep rise from 2014 to 2020
(APC: 20.58; 95 % CI: 15.86-30.29). AAMRs significantly decreased
from 1999 to 2004 for Asian or Pacific Islander (APC: 10.43; 95 % CI:
29.15 to —0.98) and Black individuals (APC: 8.82; 95 % CI: 22.32 to
—3.11) and from 1999 to 2003 for White (APC: 13.74; 95 % CI: 37.19 to
—2.49) and Hispanic individuals (APC: 19.17; 95 % CI: 44.16 to —3.38).
A significant upward trend occurred from 2004 to 2007 for Asian (APC:
53.32; 95 % CI: 25.74 to 74.42) and Black individuals (APC: 36.46; 95 %
CI: 17.24 to 49.05), and from 2003 to 2006 for White (APC: 45.36; 95 %

I

0.0

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

Year

== Young Adults (25-44 years) 1999-2008 APC 13.23* (8.22 to 49.51), 2008-2020 APC 3.82 (-6.09 to 6.47)

=o—Middle Aged Adults (45-64 years) 1999-2003 APC -5.32 (-25.99 to 5.62), 2003-2006 APC 29.08* (14.83 to 42.28), 2006-2016 APC 3.43 (-

3.51105.05), 2016-2020 APC 16.94* (10.44 t0 31.94)

«==o—Older Adults (65 years and above) 1999-2003 APC -15.41* (-37.35 to -5.92), 2003-2006 APC 44.87* (23.84 t0 63.94), 2006-2015 APC

1.29(-4.61t0 3.83), 2015-2020 APC 16.19* (11.33 t0 27.55)

Fig. 2. Hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000, stratified by age groups in adults in the United States, 1999 to

2020.

* Indicates that the annual percentage change (APC) is significantly different from zero at a« = 0.05. AAMR = age-adjusted mortality rate.
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CI: 24.62 to 64.76) and Hispanic individuals (APC: 55.99; 95 % CI: 29.57
to 80.45). From 2007 to 2012, AAMRs significantly decreased for Asian
(APC: 7.89; 95 % CI: 17.94 to —2.04) and slightly decreased for Black
individuals (APC: 2.01; 95 % CI: 8.96 to 0.53) from 2007 to 2015. White
individuals had a slight increase from 2006 to 2014 (APC: 0.93; 95 % CL:
8.23 to 3.94) and Hispanic individuals from 2006 to 2015 (APC: 0.95;
95 % CI: 11.46 to 3.84). Lastly, a significant upward trend was observed
from 2012 to 2020 for Asian (APC: 7.55; 95 % CI: 5.44 to 11.65), from
2014 to 2020 for White (APC: 15.35; 95 % CI: 11.38 to 25.60), and from
2015 to 2020 for Black (APC: 10.65; 95 % CI: 6.13 to 20.14) and His-
panic individuals (APC: 15.31; 95 % CI: 9.65 to 31.79). (Fig. 3 and
Supplemental Tables 3 and 6).

3.5. State-wise distribution

AAMR values varied significantly by state, ranging from 2.6 (95 %
CI: 2.5-2.7) in Connecticut to 17.6 (95 % CI: 17.2-18.0) in Mississippi.
States in the top 90th percentile (Arkansas, Louisiana, Tennessee, Dis-
trict of Columbia, Oklahoma, Mississippi) had AAMRs about eight times
as high as those in the bottom 10th percentile (Connecticut, Massa-
chusetts, Alaska, Minnesota, Pennsylvania, Hawaii) (Fig. 4, Supple-
mental Table 7)

3.6. Census region

During the study period, the highest AAMR was in the Western re-
gion (7.2; 95 % CI: 7.2-7.3), followed by the southern (7.1; 95 % CL:
7.1-7.2), midwestern (5.5; 95 % CI: 5.5-5.6), and northeastern (4.6; 95
% CI: 4.5-4.6) regions. From 1999 to 2003, AAMRs decreased in the
western region (APC: 10.30; 95 % CI: 39.72 to 2.58), and significantly in
the northeastern (APC: 14.48; 95 % CI: 39.11 to —3.63), midwestern
(APC: 16.0; 95 % CI: 39.47 to —6.26), and southern (APC: 15.44; 95 %
CI: 34.07 to —7.49) regions. From 2003 to 2006, AAMRs increased
significantly in all regions: Northeastern (APC: 47.52; 95 % CI: 27.59 to
69.58), Midwestern (APC: 52.42; 95 % CI: 31.43 to 73.85), Southern
(APC: 36.88; 95 % CI: 20.40 to 52.48), and Western (APC: 52.24; 95 %
CI: 31.40 to 75.81). There was a slight increase in AAMRs from 2006 to
2014 in the Northeastern and Midwestern regions, and from 2006 to
2015 in the Southern region (Northeastern APC: 1.12; 95 % CI: 4.60 to
3.47; Midwestern APC: 0.12; 95 % CI: 3.94 to 2.19; Southern APC: 1.00;
95 % CI: 2.47 to 2.77). From 2014 to 2020, AAMRs significantly

Age-Adjusted Mortality Rate per 100,000
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increased in the Northeastern (APC: 11.99; 95 % CI: 9.40 to 18.21),
Midwestern (APC: 14.01; 95 % CI: 11.66 to 18.54), and Western (APC:
11.89; 95 % CI: 8.46 to 19.62) regions, and from 2015 to 2020 in the
Southern region (APC: 18.29; 95 % CI: 15.16 to 23.63) (Fig. 5, Supple-
mental Tables 3 and 8).

3.7. Urbanization

Throughout the study period, non-metropolitan areas had slightly
higher AAMRs for HHD with HF than metropolitan areas, with overall
AAMRs of 6.6 (95 % CI: 6.5-6.6) and 6.2 (95 % CIL: 6.2-6.3), respec-
tively. From 1999 to 2003, AAMRs decreased significantly in both non-
metropolitan (APC: 16.65; 95 % CI: 38.25 to —7.69) and metropolitan
areas (APC: 13.78; 95 % CI: 36.86 to —2.95). From 2003 to 2006,
AAMRs significantly increased in non-metropolitan (APC: 47.09; 95 %
CI: 27.40 to 66.56) and metropolitan areas (APC: 44.10; 95 % CIL: 24.16
to 62.76). Between 2006 and 2015, AAMRs slightly increased in
metropolitan areas (APC: 1.54; 95 % CI: 6.88 to 3.96) and decreased
somewhat in non-metropolitan areas between 2006 and 2014 (APC:
0.25; 95 % CI: 4.64 to 1.94). Finally, there was a significant upward
trend in AAMRs from 2014 to 2020 in non-metropolitan areas (APC:
15.36; 95 % CI: 11.52 to 23.51) and from 2015 to 2020 in metropolitan
areas (APC: 15.37; 95 % CI: 10.16 to 29.94) (Fig. 6, Supplemental Ta-
bles 3 and 9).

3.8. Comparison of mortality rates pre-COVID-19 pandemic
(1999-2019) versus during the COVID-19 pandemic (2020-2022)

During the COVID-19 pandemic (2020-2022), the AAMR increased
from 13.5 to 14.8, with an APC of 4.40 (95 % CI: 1.90 to 11.44). The
average AAMR during the pandemic (14.5 per 100,000) was nearly
three times as high as the pre-pandemic average from 1999 to 2019 (5.8
per 100,000) (Fig. 7, Supplemental Tables 1,3 and 10)

4. Discussion

Our analysis indicated a significant increase in mortality across
various demographic groups, including age, race/ethnicity, geograph-
ical region, and urbanization status. Older adults consistently had higher
AAMRs than younger adults, and NH Black individuals experienced the
highest AAMRs, followed by NH American Indian and Alaska Native

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

Year

==@==NH American Indian or Alaska Native 2006-2014 APC 2.61 (-7.31 to 7.92), 2014-2020 APC 20.58* (15.86 t0 30.28)

=o—NH Asian or Pacific Islander 1999-2004 APC -10.43* (-29.15 t0 -0.98), 2004-2007 APC 53.32* (25.74 to 74.42), 2007-2012 APC -7.89* (-17.94

t0-2.04), 2012-2020 APC 7.55* (5.44 t0 11.65)

=—— NH Black 1999-2004 APC -8.82* (-22.32 t0 -3.11), 2004-2007 APC 36.46* (17.24 t0 49.05), 2007-2015 APC -2.01 (-8.96 t0 0.53), 2015-2020

APC 10.65* (6.1310 20.14)

=@ NH White 1999-2003 APC -13.74* (-37.19 t0 -2.49), 2003-2006 APC 45.36* (24.62 t0 64.76), 2006-2014 APC 0.93 (-8.23 t0 3.94), 2014-2020

APC 15.35* (11.38 t0 25.60)

==@—Hispanic or Latino 1999-2003 APC -19.17* (-44.16 to -3.38), 2003-2006 APC 55.99* (29.57 to 80.45), 2006-2015 APC 0.95 (-11.46 t0 3.84),

2015-2020 APC 15.31* (9.65 t0 31.79)

Fig. 3. Hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000, stratified by race in adults in the United States, 1999 to 2020.
* Indicates that the annual percentage change (APC) is significantly different from zero at o = 0.05. AAMR = age-adjusted mortality rate.
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Data dlassified using quantiles

26-21 42-48 .:srs.- .es:a -757'76

Fig. 4. Hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000, stratified by state in adults in the United States, 1999 to 2020.

Age-Adjusted Mortality Rate per 100,000

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

Year

=—o—Northeast 1999-2003 APC -14.48* (-39.11 10 -3.63), 2003-2006 APC 47.52* (27.59 t0 69.58), 2006-2014 APC 1.12 (-4.60 to 3.47), 2014~

2020 APC 11.99* (9.40t0 18.21)

==&—Midwest 1999-2003 APC -16* (-39.47 10 -6.26), 2003-2006 APC 52.42* (31.43 to 73.85), 2006-2014 APC 0.12 (-3.94 t0 2.19), 2014-2020

APC 14.01* (11.66 t0 18.54)

==—South 1999-2003 APC -15.44* (-34.07 to -7.49), 2003-2006 APC 36.88* (20.40 to 52.48), 2006-2015 APC 1 (-2.47 to 2.77), 2015-2020 APC

18.29* (15.16 10 23.63)

=——\\Vest 1999-2003 APC -10.30 (-39.72 to 2.58), 2003-2006 APC 52.24* (31.40 to 75.81), 2006-2014 APC -0.46 (-5.68 to 1.77), 2014-2020 APC

11.89* (8.46 10 19.62)

Fig. 5. Hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000, stratified by census regions in adults in the United States, 1999

to 2020.

* Indicates that the annual percentage change (APC) is significantly different from zero at @ = 0.05. AAMR = age-adjusted mortality rate.

populations. Significant differences were also observed in the
geographical analysis of states in the top 90th AAMR percentile, with
rates up to eight times higher than those in the bottom 10th percentile
and higher AAMRs in those residing in non-metropolitan areas. How-
ever, only slight differences were observed in the comparison of sex.
HHD arises from chronic hypertension-induced myocardial remod-
eling and ultimately leads to HF [16]. HHD encompasses a range of
abnormalities that reflect lifelong structural and functional adaptations
to sustained high blood pressure. Important intermediate characteristics
of this condition include left ventricular hypertrophy, increased vascular
and ventricular stiffness, and diastolic dysfunction, which progress
concurrently with ischemic heart disease and, if untreated, result in HF
[17,18]. The guidelines typically emphasize lifestyle changes, including
dietary and exercise interventions and regular use of antihypertensive

drugs [19]. In developed nations, high body mass index is a significant
yet modifiable risk factor for cardiovascular disease (CVD), potentially
exacerbating HHD [20]. The precise mechanisms by which various risk
factors affect HHD mortality remain unclear and warrant further
investigation. The contribution of these risk factors to mortality may
vary across different regions and is influenced by environmental, di-
etary, and behavioral variations. In some areas, high alcohol consump-
tion is common and often linked to cultural practices. Alcohol intake can
lead to myocardial fibroplasia and worsen myocardial hypertrophy
[21], making targeted alcohol intervention a potential strategy to reduce
the burden of HHD [22]. Consequently, it is crucial to encourage pa-
tients and at-risk populations to adopt healthier lifestyles and dietary
patterns, such as reducing alcohol consumption and following
plant-based low-fat diets.
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3.96), 2015-2020 APC 15.37* (10.16 t0 29.94)

== Non-metropolitan 1999-2003 APC -16.65* (-38.25 t0 -7.69), 2003-2006 APC 47.09* (27.40 to 66.56), 2006-2014 APC -0.25 (-4.64

t0 1.94), 2014-2020 APC 15.36* (11.52 t0 23.51)

Fig. 6. Hypertensive heart disease with heart failure-related age-adjusted mortality rates per 100,000 in adults in the metropolitan and Non-metropolitan areas in the

United States, 1999 to 2020.

* Indicates that the APC is significantly different from zero at o« = 0.05. AAMR = age-adjusted mortality rate.

The present analysis revealed a complex trajectory of AAMRs, with a
pattern of initial decline followed by periods of increase. The AAMR was
3.7/100,000 in 1999, dropped until 2004, then increased significantly
from 2004 to 2007, slightly decreased from 2007 to 2014, and sharply
rose from 2014 to 2020, reaching 13.5 per 100,000. The initial trends
align with previous studies indicating a decline in HF mortality from
2000 onwards [23]. This decrease is attributed to the lower overall CVD
mortality rates in the late 20th century and early 2000s, driven by ad-
vancements in evidence-based medical and surgical treatments and
global prevention strategies to reduce cardiovascular risk factors [24].
However, our analysis revealed a significant increase in HF mortality
from 2014 to 2020. Several factors have contributed to this increase.
First, the ongoing expansion of the elderly population aged >75 years in
economically advanced countries has led to an increased burden of
chronic illnesses, higher rates of hospitalization, and more documented
deaths due to HF in this age group [25,26]. Second, the sharp rise
coincided with the COVID-19 pandemic. During the pandemic,
increased patient loads and limited emergency capacity led to reallo-
cating medical resources and prioritizing COVID-19 patients. This has
resulted in decreased hospital admissions for cardiovascular conditions
and reduced access to acute cardiovascular care globally [27]. Conse-
quently, many patients received inadequate treatment, lacked timely
follow-up, and delayed seeking care, presenting later in a deteriorated
state and contributing to increased mortality. Third, during the
COVID-19 era, patients with comorbid conditions such as HF and HHD
who developed severe COVID-19 were at a higher risk of complications,
requiring intensive care and advanced medical services, which were
overwhelmed during this period, leading to increased mortality. Lastly,
HF patients, aware of their increased vulnerability, might have avoided
hospitals because of fear of contracting COVID-19 [28,29].

The analysis revealed that older adults consistently had the highest
AAMRs, which was expected given the higher prevalence of cardiovas-
cular conditions in this age group. The higher prevalence of hyperten-
sion in older patients further contributes to the development of HHD.
The significant increase in mortality rates among middle-aged and older
adults, particularly from 2015 to 2020, underscores a critical area for
intervention. This increase may be attributed to worsening cardiovas-
cular health and potential healthcare access and management gaps for
these populations. Notably, the global demographic landscape has
experienced a significant increase in the aging population. In 1990, in-
dividuals over 60 years old accounted for 9.2 % of the global population,

increasing to 11.7 % by 2013, with projections suggesting an increase to
21.1 % by 2050 [30]. This demographic shift is particularly relevant to
HHD, which predominantly affects the elderly, thereby predicting a
growing impact in this age group [31]. As HHD poses a substantial
public health challenge worldwide, raising public awareness and
enhancing the management strategies for HHD, especially among
vulnerable populations, has become an urgent global priority.

Our study revealed significant racial disparities. Although NH Black
individuals experienced the highest AAMRs, we noted a significant in-
crease in AAMRs across all racial groups after 2014, suggesting the need
for targeted public health strategies to address potential inequities in
access to healthcare. It is essential to highlight that ethnic and racial
disparities in CVD mortality remain significant across the United States
[32]. Research has shown that adult Black men and women experience
higher rates of CVD mortality, including HF, than other racial and ethnic
groups. However, national-level data on sex-based disparities in car-
diovascular conditions are currently lacking [33]. Black individuals face
disproportionate economic, social, and environmental challenges along
with structural racism, which contributes to their increased cardiovas-
cular mortality and associated risk factors [34,35]. Black women, in
particular, encounter additional challenges at the intersection of sexism
and racism, negatively affecting their cardiovascular health and
maternal outcomes [36]. However, no sex disparities were observed in
our study.

As reported in previous studies, In 2012, the life expectancy of Black
individuals was 3.4 years shorter than that of White individuals, with the
most notable disparities observed when analyzed by race and sex: White
women had the longest life expectancy at 81.4 years, followed by Black
women at 78.4 years, White men at 76.7 years, and Black men at 72.3
years [37]. Hypertension accounts for 50 % of racial disparities in
mortality between Black individuals and White individuals. Despite
extensive genome-wide association studies, no specific genetic causes
have been identified for the excessive burden among Black individuals.
Pathophysiology likely involves a complex interplay of genetic, biolog-
ical, and social factors that are prevalent in this population [38].

Furthermore, throughout the study period, non-metropolitan areas
had slightly higher AAMRs for HHD with HF than did metropolitan
areas. The geographic isolation of non-metropolitan areas makes it
challenging for individuals in these regions to access medical care,
which is further compounded by socioeconomic disparities. Residents of
non-metropolitan areas must travel greater distances to reach healthcare
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facilities, and the number of healthcare practitioners is significantly
lower than that in metropolitan regions. Cultural and behavioral factors,
such as higher smoking rates, along with the shortage of healthcare
professionals in these regions, exacerbate disparities in health outcomes
and access to care. Although governmental and nonprofit organizations
have implemented programs to address these disparities, the gaps
continue to widen [39,40].

Previous studies have examined HF from all causes [41,42], but our
analysis specifically targeted HHD with HF, which arises from structural
and functional changes in the heart due to prolonged hypertension.
Earlier HF studies showed that AAMRs for HF in young adults increased
by 5 % annually from 2011 to 2019 [41], and by 1.7 % annually in older
adults from 2012 to 2019 [42]. In contrast, our analysis revealed that
AAMRs for HHD with HF increased by 14 % annually from 2014 to 2020.

Furthermore, our findings highlight slight differences in AAMRs be-
tween men and women (6.3 vs. 6.1), with annual increases of 17 % and
14 % from 2015 to 2020, respectively. This differs from previous HF
studies, which consistently reported higher AAMRs for men (3.04 in
young and 141.1 in older) than for women (1.87 in young and 107.8 in
older), with much smaller annual increases of 1 %-5 % in both young
and older adults [41,42].

In terms of racial disparities, our analysis aligns with previous HF
studies on young adults, showing that NH Black individuals had the
highest AAMRs (6.77) throughout the study period [41]. However,
earlier studies on older adults with HF found that NH white individuals
had the highest AAMRs (127.2) [42]. Finally, our urbanization-based
analysis aligns with previous studies, indicating higher AAMRs in
non-metropolitan areas than in metropolitan areas (6.6 vs. 6.2,
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respectively) [41,42]. Thus, these findings highlight that HHD with HF
is a separate entity that deserves unique attention with prominent
disparities.

Given the substantial mortality burden of HHD-associated HF, urgent
population-wide policy measures are needed to eliminate the disparities
above and target individuals for HF prevention earlier in life. The rising
trend in HHD-related HF should not only prompt efforts to prevent,
recognize, and treat the condition effectively but also serve as an op-
portunity to promote cardiovascular prevention across entire commu-
nities. This includes reducing the prevalence of contributors, such as
obesity, smoking, poor diet, and physical inactivity. Additionally, active
tracking and mitigation of modifiable and non-genetic risk factors
contributing to HHD and HF can potentially improve population-wide
health with a focus on achieving equity across diverse communities.

4.1. Limitations

First, as with any study that relies on a large nationwide adminis-
trative database, potential miscoding cannot be excluded, which may
have affected the accuracy of our results. It is unclear to what extent
changes in the quality of information on death certificates over time
might account for the rising number of deaths attributed to HHD asso-
ciated with HF. Additionally, the data did not distinguish whether
changes in AAMRs were due to variations in disease incidence or case-
fatality rates. Second, the ICD-10 codes used in the CDC WONDER
datasets primarily capture diagnostic information rather than detailed
clinical data or patient characteristics. Although these codes provide an
overview of the patient’s condition, they may omit crucial factors
influencing mortality, such as comorbidities, disease severity, treatment
protocols, or other relevant clinical variables. This limitation may have
restricted the depth of our analysis when assessing the relationship be-
tween HHD-related HF and AAMRs. Third, the CDC WONDER dataset
focuses on mortality and lacks data on previous cardiovascular history,
heart function status, and potential competing causes of death, further
constraining our analysis. Death certificates can also underestimate
cardiovascular mortality in younger subjects, adding another layer of
complexity. Despite these limitations, death certificates remain a pri-
mary source for examining the trends and epidemiology of HHD-related
HF because of their value as population-based data sources. Lastly, the
absence of clinical and laboratory characteristic data in the CDC
WONDER database prevented us from conducting detailed subgroup
analyses, propensity score matched analysis, or pairwise comparison
analysis based on factors such as socioeconomic status, comorbid con-
ditions, medication adherence, and management, particularly adher-
ence to hypertension and HF medications and advanced therapies. This
lack of information leaves a knowledge gap, making it challenging to
identify the underlying causes of rising death rates.

5. Conclusions

The mortality rate due to HHD with HF has risen in the past two
decades, with higher mortality observed among older adults, NH Black
individuals, and those residing in non-metropolitan areas. However, no
significant sex disparities were noted. Despite substantial treatment and
secondary prevention advances, this study emphasizes demographic
differences. These findings necessitate immediate public health actions
to reduce these potential disparities.
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