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ABSTRACT

Background: Hypertensive heart and renal disease remain major contributors to mortality in the
United States. Tracking long-term mortality patterns is essential for identifying high-risk populations
and guiding public health strategies.

Methods: We conducted a nationwide ecological time-trend analysis using CDC WONDER under-
lying cause-of-death data for Hypertensive Heart and Renal Disease (ICD-10 113) from 1999-2023.
Age-adjusted mortality rates (AAMR) for all ages were examined by sex, race/ethnicity, census region,
and urbanization level. Temporal changes were assessed using joinpoint regression with annual percent
change (APC) and average annual percent change (AAPC).

Results: AAMR increased from 1.2 (95% CI: 1.2-1.3) per 100,000 in 1999 to 4.2 (95% CI: 4.2-4.3)
in 2023. After relative stability in the early years, a marked rise began around 2011, with the
South and Midwest showing the steepest increases. From 2013-2023, the AAPC was not statistically
significant for females (AAPC = 6.26%; p = 0.1678) but was significant for males (AAPC = 10.67%;
p = 0.000117). Males(with AAMR of 4.7 vs 3.9 in females in 2023), older adults, and Black
individuals consistently exhibited the highest mortality, while American Indian or Alaska Native
groups experienced the most rapid recent increases. A modest decline from 2021-2023 was observed;
potential explanations include shifts in healthcare access, reporting, or coding practices.
Conclusions: Rising mortality from hypertensive heart and renal disease from 1999 to 2023 high-
lights persistent demographic and geographic disparities requiring targeted interventions. Keywords:
Hypertensive heart disease; Renal disease; Mortality trends; Age-adjusted mortality; Health disparities

1. Introduction

Hypertension, with a high prevalence of exposure, is the
strongest risk factor for cardiovascular disease (CVD), which
is the leading cause of mortality and morbidity in the United
States [1, 2]. Hypertension is defined as systolic blood
pressure greater than 130 mm of Hg and diastolic blood
pressure greater than 80 mm of Hg [3]. According to an
analysis, the prevalence of hypertension was nearly 48% in
the US during August 2021-August 2023. It remains above
the target goal of Healthy People 2030, raising health con-
cerns [4, 5]. Based on several cohort studies, this epidemic
is a significant risk factor for several conditions like atrial
fibrillation, cerebrovascular diseases, heart failure, coronary
heart disease, aortic syndromes ,chronic kidney disease, and
dementia [1].
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Hypertension mediated organ damage (HMOD) like hyper-
tensive heart and renal disease is more common among
people with long standing or severe hypertension but asymp-
tomatic population or people with less severe hypertension
also suffer from these complications [6, 7].

While delving deep into the pathophysiological mechanism
behind these complications, it is found that left ventricu-
lar hypertrophy is the earliest manifestation of hyperten-
sive heart disease and it progresses to other complications
like heart failure and end stage renal disease (ESRD) [8,
1].Similarly, hypertension also damages the renal microvas-
culature directly due to high pressure transmission resulting
in fibrosis and hypertensive renal disease [9].

Based on our analysis of the Centres For Disease Control and
Prevention Wide-Ranging OnLine Data for Epidemiological
Research (CDC WONDER) database, the mortality rates
in the US due to combined hypertensive heart and renal
disease have increased in the last two decades with the age-
adjusted mortality rates (AAMR) of 4.2 ( 95% CI 4.2 to
4.3) per 100,000 population in 2023 with 17,623 deaths due
hypertensive heart and renal disease [10]. Several studies
have shown higher mortality rates in men and younger
adults due to hypertensive heart disease and in African
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Americans and populations in the West and metropolitan
areas of the US due to hypertensive renal disease [11, 12].
These trends in mortality rates warrant further research into
several contributing factors. Therefore, this study aims to
examine nationwide trends and disparities in ICD-10-coded
mortality due to hypertensive heart and renal disease (I13) in
the United States from 1999 to 2023, with specific focus on
variations by gender, race, age group, and geographic region.
This analysis of variations and temporal trends is valuable
for the development of effective hypertensive heart and renal
disease management strategies.

2. Methods

2.1. Study setting and population

In this nationwide ecological time-trend analysis, an in-
depth search was conducted on Hypertensive Heart and
Renal Disease in the US population from 1999 to 2023
and death certificate based data were retrieved from CDC
WONDER underlying cause of death for all ages. The study
used the diagnostic codes from the 10th version of the
International Classification of Diseases and Related Health
Problems (ICD-10) including 113 for “Hypertensive Heart
and Renal Disease”. This data set has been used by previ-
ous studies for mortality analysis of cardiovascular diseases
and their complications. Information from death certificates
from all 50 states and the District of Columbia is used
in this collection [10]. This study used deidentified data
from government-issued public use data set, therefore, this
research did not necessitate an approval from local institu-
tional review board. It follows the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE)
guidelines for reporting.

2.2. Data Abstraction

This data set included year, population size, demographic
characteristics, urban-rural classification, geographical seg-
mentation, and location of death, including hospitals, nurs-
ing homes, long-term care facilities, households, and hos-
pices. The demographics included age, race, and gender.
Race (any ethnicity) was classified as White, Black or
African American, American Indian or Alaskan Native,
and Asian or Pacific Islander. Hispanic individuals of any
race were analyzed as a separate group. This collection was
retrieved from CDC WONDER. [10]. The population was
assessed in urban and rural counties per the 2013 U.S. census
classification in accordance with the National Center for
Health Statistics Urban-Rural Classification Scheme to all
study years (1999-2023) to ensure consistency in county
categorization and comparability across the full analysis
period [13]. According to the United States Census Bureau,
geographical categories included West, Northeast, South,
and Midwest [14]. Mortality rates were analyzed using
two age groups, <65 years and >65 years, to reflect the
markedly higher concentration of cardiovascular and renal
risk in older adults. For clearer temporal assessment, year-
interval groupings were organized into 5-year blocks (e.g.,
1999-2003, 2004-2008). Place-of-death and urbanization
analyses were restricted to 1999-2020, reflecting the last

year for which these variables were available in the CDC
WONDER database.

2.3. Statistical Analysis

We used crude death rates and AAMRSs per 100,000 from
1999 to 2023 from CDC WONDER to examine the trend.
These rates were further divided into groups based on gen-
der, year, age, race, and State. 95% confidence intervals
(CI) were included. We obtained AAMR directly from CDC
WONDER (2000 U.S. standard population) [15]. Crude
mortality rates were calculated by dividing the number of
deaths caused by Hypertensive Heart and Renal Disease
by the corresponding US population of that year. Annual
Percent Change (APC) with 95% confidence intervals was
calculated using the Joinpoint Regression Program (Join-
point V 5.3.0.0, National Cancer Institute) [16]. A log-linear,
weighted model was used to identify statistically significant
changes in mortality trends. Using two-tailed testing, APC
estimates were considered increasing or decreasing when the
slope differed significantly from zero, with a p-value < 0.05
denoting statistical significance. The final model allowed
up to three joinpoints. Missing or unknown values were
excluded for analysis of cohorts.

3. Results

The AAMR due to hypertensive heart and renal disease has
increased from 1.2 (95% CI=1.2to 1.3) in 1999 to 4.2 (95%
CI = 4.2 to 4.3) in 2023 with a total number of 148,337
deaths from 1999 to 2023. From 1999 to 2011, it remained
relatively stable; however an increasing trend in AAMR
was noted during the next 12 years, with a relatively sharp
increase from 2017 to 2020. The South and Midwest experi-
enced the sharpest increases in mortality rates, particularly
in the last decade. Males showed a statistically significant
upward trend in mortality rates, while the increase for fe-
males was less consistent and not statistically significant.
Significant increases were observed across Hispanic ethnic-
ity, and among races including White, Black, and Asian
populations in recent years, with particularly rapid increases
in the American Indian or Alaska Native population from
2014 to 2023.

3.1. Gender stratification

From 1999 to 2023, men had consistently higher mortality
rates as compared to women as shown in (Figure 1). For
females, the rate began at 1.1 in 1999, reaching 3.9 by
2023 as given in Supplementary Table S1. Their AAMR
increased significantly from 2013 to 2021 (APC =24.9,95%
CI =17.95 to 32.25, p < 0.001) and then there was a period
of decline from 2021 to 2023 (APC = -44.34, 95% CI = -
65.8 to -9.4, p = 0.03) as shown in Supplementary Table
S2. Despite a statistically significant incline in AAMR from
2013 to 2021, the trend for overall AAPC from 2013 to 2023
was not statistically significant for females (AAPC = 6.26%,
95% CI = -2.52 to 15.83, p = 0.17) as shown in (Figure 2).

For males, the mortality rate started higher, at 1.4 in 1999,
reaching to 4.7 in 2023 as shown in Supplementary Table
S1. Their AAMR increased significantly from 2011 to 2021
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(APC = 23.36, 95% CI = 17.64 to 29.37, p < 0.001) and
then there was a period of decline from 2021 to 2023
(APC = -35.72, 95% CI = -51.79 to -14.29, p = 0.01) as
shown in Supplementary Table S2. This trend of increasing
mortality was statistically significant for males from 2011 to
2023 (AAPC = 10.67%, 95%CI = 5.1 to 16.5, p < 0.001) as
shown in (Figure 3).

3.2. Racial stratification

The racial trends for hypertensive heart and renal disease,
shown in (Figure 4), demonstrate the highest mortality rates
for Black individuals with their APC shown in Supplemen-
tary Table S3. For American Indian or Alaska Native, a
notable increase in mortality was observed from 2014 to
2021, with an APC of 22.22 (95% CI = 13.81 to 23.26) and
APC of 6.93 from 2021 to 2023. Overall, AAPC from 2014
to 2023 was 18.44 (95% CI = 13.81 to 23.26, p < 0.001).

For Black individuals, from 1999 to 2010, there was a
decrease in mortality rates (APC = -3.46, 95% CI = -4.78 to
-2.1, p < 0.001). However, from 2010 to 2015, APC shifted
t0 3.2 (95% Cl=-4.11 to 11.08, p = 0.38) and from 2015 to
2023, it shifted to 10.43 (95% CI = 8.7 to 12.18) reflecting a
positive trend and a significant increase in mortality for this
group. Overall, the trend of increased mortality from 1999
to 2023 was statistically significant (AAPC = 2.38, 95% CI
=0.74 t0 4.05, p = 0.01).

For Asian or Pacific Islander, a negative APC of -3.48 (95%
CI = -5.51 to -1.40, p < 0.001) was observed from 1999
to 2010, followed by an increase in mortality from 2010 to
2023, where the APC reached 6.92 (95% CI=5.71t0 8.14,p
< 0.001). Overall, the trend of increased mortality from 1999
to 2023 was statistically significant (AAPC = 2.02, 95% CI
=0.92t0 3.13, p < 0.001)

For White individuals, the mortality trend showed a decline
from 1999 to 2009 (APC = -1.79, 95% CI = -3.08 to -0.47,
p = 0.01), followed by a significant increase after 2009.
From 2009 to 2015, the APC was 7.19 (95% CI = 3.46 to
11.04, p < 0.001) and from 2015 to 2021, the APC surged
t0 20.52(95% CI= 18.57 to 22.50), showing a major upward
trend with a very significant p < 0.001. This continued into
2023, with an APC of 10.55 (95% CI = 6.71 to 14.51, p
< 0.001), confirming that mortality rates for Whites have
been increasing rapidly in recent years. Overall, the trend
of increased mortality from 1999 to 2023 was statistically
significant (AAPC = 6.7, 95% CI = 5.58 to 7.83, p < 0.001)

When stratified based on ethnicity, Hispanics had the APC
from 1999 to 2010 was -2.67 (95% CI = -4.75 t0 -0.54, p =
0.02), suggesting a decrease in mortality during that period.
However, from 2010 to 2020, the APC increased to 9.42
(95% CI = 7.60 to 11.25, p < 0.001) indicating a recent
upward trend in mortality for this group. Overall, the trend
of increased mortality from 1999 to 2020 was statistically
significant (AAPC =2.9,95% CI = 1.6 to 4.2, p < 0.001)

Table 1: Number of deaths according to the place of death.

Place of Death Number of
Deaths
Decedent’s home 32,813
Nursing home/long-term care 25,208
Medical facility—Inpatient 24,593
Medical facility—Outpatient or ER 7,985
Other 4,771
Hospice facility 4,473
Medical facility—Dead on arrival 626
Place of death unknown 180
Medical facility—Status unknown 56

3.3. Mortality trends by census regions

The AAMR show significant regional variation over the
years from 1999 to 2023 as shown in (Figure 5)and Supple-
mentary Table S4. In the Northeast, the AAMR started at
0.9 in 1999 and saw an increase, reaching 2.4 by 2023. This
represents a steady upward trend over the 25 years. In the
Midwest, the rate began at 1.1 in 1999, with fluctuations until
2020, when it spiked to 3.1. By 2023, the rate had increased
to 4.6, reflecting a strong upward trajectory, particularly in
the last decade. The South experienced a similar pattern,
starting at 1.5 in 1999. The rate remained relatively stable
at 1.2 throughout much of the early 2000s but began rising
significantly from 2015 onwards, reaching 5.5 by 2023. This
indicates a sharp increase in mortality rates, especially in the
last 8 years. In the West, the AAMR began at 1.3 in 1999 and
saw less fluctuation compared to the other regions. The rate
gradually increased to 3.4 by 2023, with steady growth over
the years.

3.4. Urbanization trends

From 1999 to 2020, mortality rates for hypertensive heart
and renal diseases generally increased across various levels
of urbanization as shown in Supplementary Table S5. In
large central metropolitan areas, the rate increased to 2.9 in
2020 from 1.4 in 1999. Similarly, large fringe metropolitan
areas saw a rise from 1.0 to 2.4 over the same period.
Medium metro areas experienced a steady increase, climb-
ing from 1.3 to 3.5, while small metro areas moved from
1.1 to 3.1. Similarly, rural areas such as micropolitan and
noncore regions experienced increases, with micropolitan
areas rising from 1.2 to 3.3 and noncore regions moving
from 1.1 to 3.1. These trends, shown in (Figure 6), highlight
that while mortality rates have been rising across all areas.

3.5. Place of Death

Analyzing the number of deaths from 1999 to 2020, shown
in (Table 1), the maximum number of deaths took place in
the decedent’s home followed by nursing homes, inpatient
facilities, and outpatient settings. Other places of death, such
as hospice facilities settings accounted for a smaller propor-
tion of total deaths. These figures reflect simple distributions
and do not indicate rates or relative risk.
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Gender based stratification of AAMR in HHD and HRD

AAMR of HHD and HRD

== Female

TP I S I N I S RSN G £
S S S N R S S SN S S S
Year

== Male

Figure 1: Gender based stratification of AAMR of hypertensive heart and renal disease.
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Figure 2: Annual percentage change (APCs) in hypertensive heart and renal disease related mortality in females.

3.6. Age-based stratification

The number of deaths was consistently higher in the popula-
tion above 65 years of age. The age adjusted death rate from
1999 to 2003 in this population was 7.0, which was followed
by a decline to 6.8, from 2004 to 2008. After 2008, there
was an increase, with a very prominent increase after 2014
reaching a rate of 23.9. For people below 65 years of age,
the death rate due to hypertensive heart and renal disease
remained relatively stable, reaching 0.5 during 2018 to 2023.
The overall trend, shown in (Table 2), clearly shows that as
people age, the risk of death from these conditions increases
substantially.

3.7. Mortality stratified by geographic region

The state-wise trends reveal considerable variation across
the United States. Some states like Oklahoma, and Missis-
sippi show notably higher age-adjusted rates, reaching as
high as 24.4 and 8.1 in 2023, indicating a more pronounced
issue with hypertension-related deaths. Meanwhile, states
like Wyoming and Montana report the lowest rates, with

an average AAMR (extracted from CDC WONDER) of 0.6
from 1999 to 2020. Other states such as California, Florida,
and Michigan, fall in the middle, reflecting more moderate
trends in the age-adjusted rates. Overall, while some states
face greater challenges in managing hypertensive diseases,
there is a general spread, with urbanized regions showing
a broad but stable incidence, and rural or less urbanized
regions tending to have higher mortality rates from these
conditions.

4. Discussion

Our study has demonstrated an overall increase in mortality
rate from hypertensive heart and renal disease from 1999
to 2023 across all races, genders, census regions and urban-
ization groups. Males had a consistently higher mortality
rate as compared to females. Among different races, Blacks
or African Americans had the highest mortality rates with
the rapid increase in mortality rates of American Indians
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Figure 3: Annual percentage change (APCs) in hypertensive heart and renal disease related mortality in males.
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Figure 4: Annual Percentage change (APCs) in hypertensive heart and renal disease related mortality in different races.

or Alaska Natives. Similarly, older adults had higher mor-
tality rates as compared to younger individuals due to Hy-
pertensive Heart and Renal Disease. Chronic elevation of
blood pressure produces structural and functional changes
in the heart and coronary arteries resulting in left ventric-
ular hypertrophy, ultimately leading to heart failure and
conduction abnormalities. Hypertensive heart disease is a
constellation of these abnormalities [17]. Similarly chronic
elevation of blood pressure also damages the blood ves-
sels in kidneys and leads to glomerular hypertrophy which
precedes glomerulosclerosis [18]. These conditions can co-
exist in people suffering from hypertension. Moreover, one
condition can worsen the other . For example, CKD can
also lead to heart failure and cardiac fibrosis in histology.
Additionally, cardiovascular morbidity and mortality are
inversely associated with kidney function [19, 20].

Our study has demonstrated higher mortality rates in males
as compared to females. It is consistent with the trends seen
in other studies for hypertensive heart and renal disease.
Raja et al. concluded that Men had higher AAMRs from
hypertensive heart disease than women during 1999 to 2020
(overall AAMR men: 23.1; 95% CI: 23.0-23.1; women:

16.4; 95% CI: 16.3-16.4) [12]. It is also consistent with
findings of another study that older men had higher mortality
rates from hypertensive heart disease as compared to older
women [21]. Similarly, males had higher mortality rates due
to hypertension-related ESRD [22]. Men appear more sus-
ceptible to hypertensive kidney disease and renal function
decline than women, as shown in a Chinese cohort. Women,
by contrast, demonstrate relative protection from renal and
cardiovascular consequences. However, these mechanistic
insights derive from non-U.S. populations and may not fully
explain the mortality patterns in our nationwide analysis.
They should thus be considered plausible explanations rather
than definitive causes [23, 24, 25].

Analysis of racial disparities reveals that African Americans
are more likely to have both hypertensive heart disease and
renal disease. This can be explained by the fact that the
incidence of hypertension in this population is higher than
in others. Some other factors, like tobacco use and incidence
of diabetes, also support this finding in African Americans
[26, 12]. Some other studies have also supported higher in-
hospital mortality rates of non-Hispanic Blacks as compared
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Figure 5: AAMR stratified by Census region in hypertensive heart and renal disease related mortality.
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Figure 6: AAMR stratification based on urbanization for hypertensive heart and renal disease.

to their White counterparts due to poor control of hyper-
tension. It is attributable to lack of access to primary care
providers, compromised quality of care, and lesser insurance
coverage [27, 28].

Another important trend observed in our study is the decline
in AAMR for females (APC = —44.34, 95% CI = —65.8
to —9.4, p = 0.03) and males (APC = —35.72, 95% CI =
—51.79 to —14.29, p = 0.01) from 2021 to 2023. A similar
pattern has been documented for mortality due to diabetes
and hypertension, with AAMR decreasing from 96.86 in
2021 to 84.58 in 2023, corresponding to an APC of —8.96
(95% CI: —14.42 to —2.002; p = 0.02) in females and —7.93
(95% CI: —12.80 to —1.89; p = 0.02) in males [29]. In
addition, a study by Wagqas et al. reported that following the
pandemic, overall hypertension-related death rates fell 4.0%,
from 258.2 (2020-2021) to 247.9 (95% CI: 247.5-248.3) in
the post-pandemic period [30].

The observed decline may be related to several factors,
including changes in coding practices, competing mortality

from COVID-19, and improved access to healthcare as ser-
vices resumed after the pandemic. COVID-19 also likely al-
tered the way hypertension-related conditions were recorded
on death certificates, but the accuracy of these designations
has not been systematically investigated [31]. Moreover,
although CDC'’s updated excess-death estimation method
improves stability during and after the pandemic, mortality
estimates for the most recent years remain uncertain due to
prolonged COVID-19-related disruptions [32].

Inadequate control of blood pressure remains an important
driver of mortality related to hypertension. NHANES III
Linked Mortality Study demonstrates that both untreated
and treated-but-uncontrolled hypertensive adults face signif-
icantly higher risks of all-cause and CVD-specific death as
compared to those with controlled hypertension who do not
show excess mortality risk [33]. This highlights the need
for interventions to ensure proper blood pressure control,
especially in high-risk groups.

The 2017 ACC/AHA guidelines tightened the threshold and
lowered the recommended goal to <130/80 mmHg for most
patients; mortality trends from 2018 to 2023 did not show
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Table 2: Age-based stratification of death due to hypertensive heart
and renal disease.

Time No. of Age- No. of Age-

Period  deaths adjusted deaths adjusted
(=65 mortality (<65 mortality
years) (>65 years) (<65

years) years)

1999- 12,236 7.0 2,705 0.2

2003

2004— 12,088 6.3 2,907 0.2

2008

2009— 13,949 6.5 3,330 0.2

2013

2014- 26,148 10.8 4,760 0.3

2018

2019- 62,441 23.9 7,770 0.5

2023

>, greater than or equal to; age-adjusted mortality, deaths per 100,000 population.

any decrease in deaths due to hypertensive heart and renal
disease. Looking at the mortality trends, it does not appear
that the guideline change has had a measurable impact on
them so far, and more years of data will likely be required to
determine whether a meaningful impact emerges over time
[34].

Our findings highlight the urgent need for targeted inter-
ventions to eliminate gender-based and racial disparities
in rising mortality rates due to hypertension-related heart
and renal disease. Some studies have highlighted the causes
of these disparities and suggested solutions [35, 36, 30].
However, data is limited, and future research should focus
more on exploring the underlying causes of sex, racial, and
regional disparities and ways to eliminate these disparities.
Additionally, prospective studies should be conducted to
determine the long-term impact of changes in post-pandemic
access to health care delivery.

Future work should explore the potential positive impact
of hypertension-related awareness, anti-hypertensive treat-
ment, and control on mortality rates [37]. Integration of
social determinants of health can help identify vulnerable
groups and target interventions to them [37]. By addressing
these research gaps, evidence-based policies can be consti-
tuted to target groups affected by hypertension-related heart
disease and renal disease.

This nationwide study, using CDC WONDER data, analyzes
age-adjusted mortality trends for hypertensive heart and
renal disease (I13) but has some limitations. The analysis is
subject to cause-of-death misclassification due to the use of
death certificate data, which may affect mortality estimates.
In addition, by focusing solely on ICD-10 113, which shows
hypertensive heart and renal disease, the analysis may under-
estimate the broader burden of isolated hypertensive heart or
renal disease. Moreover, using the 2013 urban—rural scheme
across all years may misclassify counties that changed over

time, which should be considered when interpreting long-
term trends. Additionally, mortality data for 2022-2023
were provisional and obtained from the most recent CDC
WONDER release, and trends in these final years may
change as data are updated and finalized. The short duration
of certain trend segments, including those overlapping the
COVID-19 period, may contribute to instability in APC
estimates, which represents an inherent limitation of annual
mortality data. In this study, a small proportion of records
contained missing demographic or geographic information,
which represents an additional limitation of the subgroup
analyses. This analysis lacks individual-level data on risk
factors such as blood pressure control, medication use, so-
cioeconomic status, and comorbidities, which limits the abil-
ity to adjust for underlying clinical and social determinants
of mortality.

5. Conclusions

From 1999 to 2023, mortality due to hypertensive heart
and renal disease has risen significantly across the United
States, increasing from an AAMR of 1.2 to 4.2. Misclas-
sification and the absence of individual-level clinical or
socioeconomic data may influence the observed trends, but
the early years showed relative stability, and since the early
2010s, a sustained upward trend has emerged, particularly
in the South and Midwest regions, among males, and among
African Americans. It highlights persistent health disparities
and the need for targeted interventions to improve hyperten-
sion management. Future research must prioritize identify-
ing and eliminating disparities in hypertension-related mor-
tality through targeted interventions and integrating social
determinants into evidence-based policies.
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