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Temporal trends in hypertension
related end stage renal disease
mortality rates: an analysis of
gender, race/ethnicity, and
geographic disparities in the
United States
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Madiha Salman2, Bazil Azeem1 and Laksh Kumar1

1Department of Medicine, Shaheed Mohtarma Benazir Bhutto Medical College Lyari, Karachi, Pakistan,
2Department of Medicine, Dow Medical College, Dow University of Health Sciences, Karachi, Pakistan
Background: According to one USA Renal Data System report, 57% of end-stage

renal disease (ESRD) cases are attributed to hypertensive and diabetic

nephropathy. Yet, trends in hypertension related ESRD mortality rates in adults

≥ 35 years of age have not been studied.

Objectives: The aim of this retrospective study was to analyze the different trends

hypertension related ESRD death rates among adults in the United States.

Methods: Death records from the CDC (Centers for Disease Control and

Prevention Wide-Ranging OnLine Data for Epidemiologic Research) database

were analyzed from 1999 to 2020 for hypertension related ESRD mortality in

adults ≥ 35 years of age. Age-Adjusted mortality rates (AAMRs) per 100,000

persons and annual percent change (APC) were calculated and stratified by year,

sex, race/ethnicity, place of death, and geographic location.

Results: Hypertension-related ESRD caused a total of 721,511 deaths among

adults (aged ≥ 35 years) between 1999 and 2020. The overall AAMR for

hypertension related ESRD deaths in adults was 9.70 in 1999 and increased all

the way up to 43.7 in 2020 (APC: 9.02; 95% CI: 8.19-11.04). Men had consistently

higher AAMRs than woman during the analyzed years from 1999 (AAMR men:

10.8 vs women: 9) to 2020 (AAMR men: 52.2 vs women: 37.2). Overall AAMRs

were highest in Non-Hispanic (NH) Black or African American patients (45.7),

followed by NH American Indian or Alaska Natives (24.7), Hispanic or Latinos

(23.4), NH Asian or Pacific Islanders (19.3), and NH White patients (15.4). Region-

wise analysis also showed significant variations in AAMRs (overall AAMR: West

21.2; South: 21; Midwest: 18.3; Northeast: 14.2). Metropolitan areas had slightly

higher AAMRs (19.1) than nonmetropolitan areas (19). States with AAMRs in 90th

percentile: District of Columbia, Oklahoma, Mississippi, Tennessee, Texas, and

South Carolina, had roughly double rates compared to states in 10th percentile.

Conclusions:Overall hypertension related ESRD AAMRs among adults were seen

to increase in almost all stratified data. The groups associated with the highest
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death rates were NH Black or African Americans, men, and populations in the

West and metropolitan areas of the United States. Strategies and policies

targeting these at-risk groups are required to control the rising hypertension

related ESRD mortality.
KEYWORDS

hypertension, renal failure, mortality, renovascular hypertension, end-stage
renal disease
Introduction

Hypertension, often regarded as a silent killer, plays a pivotal role

in the intricate web of factors leading to End-Stage Renal Disease

(ESRD) (1). The kidneys, delicate filtration powerhouses, face

relentless pressure when hypertension is unbridled. Over time,

persistent high blood pressure damages the small blood vessels in

the kidneys, impairing their ability to effectively filter waste and excess

fluids (2). As the renal function declines, the risk of developing ESRD

escalates. This intricate dance between hypertension and renal

deterioration underscores the critical importance of blood pressure

management in preventing the progression to ESRD (3).

Hypertension related ESRD is a condition that occurs as a renal

disease with hypertension (1). It is secondary to long-standing

uncontrolled hypertension; data suggest it is a leading cause of end-

stage renal disease or diabetic kidney disease (2). Hypertension related

ESRD can be found with or without chronic kidney disease (CKD)

with varying prevalence. According to this study (3), hypertension

occurs in 23.3% of individuals without CKD, 35.8% of stage 1, 48.1%

of stage 2, 59.9% of stage 3, and 84.1% of stage 4-5 CKD patients.

Drug-induced hypertension can also cause hypertension related

ESRD; therefore, the agents that cause hypertension can be

significant; agents that can vary from NaCl to different drugs can

cause hypertension (4). The use of cocaine, which can elevate blood

pressure levels, can also cause hypertension related ESRD, according

to this study (5). Rhabdomyolysis and vasoconstriction are well-

known methods of pathology to cause acute renal failure and

associated hypertension (6). According to one USA Renal Data

System report, 57% of end-stage renal disease (ESRD) cases are

attributed to hypertensive and diabetic nephropathy (7),

highlighting a connection between hypertension and ESRD. Also,

heart failure and renal dysfunction are common in the Western

Hemisphere and the USA (8). Hypertensive ESRD accounts for 25%

of new ESRD cases yearly in the USA, with more patients from Black

Americans (9); also, the prevalence of ESRD is 3.5 times greater in

Asian Americans and Alaska Natives (10). From 1991 to 2000, in the

USA, the population of ESRD increased by around 186,000 new cases

(11). In hypertension-related chronic kidney disease, there’s also a rise

of 161.97% from 1990 to 2019, and the trend is likely to go upward for

the next 25 years (12). Given these different factors that can be

associated with Hypertension related ESRD and agents or substances
02
that can cause it and its associated conditions, it is necessary to find a

pattern in causation and associated conditions. Therefore, both

demographic trends and mortality trends are examined.
Methods

Population and study setting

The comprehensive investigation relies on the use of the Centres

for Disease Control and Prevention Wide-Ranging OnLine Data for

Epidemiologic Research (CDC WONDER) database to collect

information from death certificates. The study looked at instances

of persons who died from Hypertension related ESRD between 1999

and 2020. The study used the diagnostic codes I12.0, I12.9, I13.0,

I13.1, I13.2, and I15.0 from the 10th version of the International

Classification of Diseases and Related Health Problems (ICD-10).

The collection comprises information from death certificates from all

50 states and the District of Columbia regarding the causes of death.

This tool has previously proven valuable in numerous studies

investigating trends in mortality related to cardiovascular issues.

The study looked at death records from the Multiple Causes of

Death Public Use registry to find cases of hypertension related ESRD.

Hypertension related ESRD was either a contributing factor or the

major cause of death in these situations. In this study, Adults were

categorized as people aged 35 and higher, ranging from 35 to 85 years

old and above at the time of their demise. Comparable age criteria

have been employed in previous research to classify individuals as

adults (7, 13–15). The research did not necessitate approval from a

regional institutional review board because it relied on deidentified

public use data issued by the government. The STROBE standards for

reporting observational research were followed in this study.
Data abstraction

The dataset encompasses population counts, year of occurrence,

location of death, demographic characteristics, geographical

segmentation, state-specific data, as well as differentiation

between urban and rural areas. Individuals die away in a variety

of locations, including hospitals, households, hospices, nursing
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homes, and long-term care facilities. The phrase “demographics”

pertains to data concerning gender, age, race, and ethnicity. The

categories for race and ethnicity in this context include White non-

Hispanics, Black or African Americans, Latino non-Hispanics,

American Indians or Alaska Natives non-Hispanics, and Asian

non-Hispanics or Pacific Islanders non-Hispanics. The data utilized

in the analysis is derived from death certificates, which also served

as a source in previous research that used the WONDER database

(16). In accordance with the National Center for Health Statistics

Urban-Rural Classification Scheme, the population was categorized

into urban areas, which encompassed large metropolitan areas with

a population of 1 million or more, as well as medium/small

metropolitan areas with a population ranging from 50,000 to

999,999. Furthermore, rural regions were classified as those with

fewer than 50,000 people, and there were additional counties as

well, as defined by the 2013 U.S. Census (17). Based on the criteria

set forth by the United States Census Bureau, the Northeast,

Midwest, South, and West areas were divided into four main

geographical categories (18).
Statistical analysis

We computed mortality rates per 100,000 individuals for both

unadjusted and age-adjusted data across the period from 1999 to

2020 to investigate regional trends in mortality related to

hypertension related ESRD. These rates were divided into

categories based on year, gender, race/ethnicity, state, and urban/

rural status, and the 95% confidence intervals (CIs) were shown

alongside them. The crude mortality rates were determined by

dividing the total number of hypertension related ESRD deaths by

the corresponding U.S. population for each respective year. Age-

adjusted mortality rates (AAMR) were calculated by standardizing

hypertension related ESRD deaths in the United States in 2000 (7).

The annual percent change (APC) and its associated 95%

confidence interval (CI) in age-adjusted mortality rates (AAMR)

were calculated using the Joinpoint Regression Programme

(Version 5.0.2, National Cancer Institute). This study was carried

out to analyze annual changes in hypertension related ESRD

mortality at the national level (19, 20). This approach utilizes log-

linear regression models to detect meaningful alterations in age-

adjusted mortality rates (AAMR) over time. The APCs were

classified as increasing or decreasing if the slope reflecting

changes in mortality differed substantially from zero, as assessed

by two-tailed t-testing. A significance level of P<0.05 was used to

establish statistical significance. Additionally, a sensitivity analysis

was conducted for fatalities of hypertension related ESRD within

the context of cardiovascular disease (CVD) when CVD (I00-I99)

was identified as the primary cause of death, with hypertension

related ESRD listed as a contributing cause of death.
Results

Hypertension related ESRD caused a total of 721,511 deaths

among adults (aged ≥ 35 years) between 1999 and 2020
Frontiers in Nephrology 03
(Supplementary Table 1). Of the 688,449 deaths where the

location of death was recorded, 39% occurred at medical facilities,

25.6% took place in nursing homes/long-term care facilities, 6% at

hospices, and 29.7% happened at home (Supplementary Table 2).
Annual trends for hypertension related
ESRD AAMR

The overall AAMR for Hypertension related ESRD deaths in

adults was 9.70 in 1999 and increased all the way up to 43.7 in 2020

(APC: 9.02; 95% CI: 8.19-11.04) (Figure 1; Supplementary Tables 3,

4). A more complicated trend was seen when deaths were confined

to CVD as the underlying cause on sensitivity analysis. There was

an increase in deaths from 1999 to 2005 (APC: 2.66; 95% CI: 1.86-

3.68), then a decrease between 2005 and 2009 (APC: -4.24 95% CI:

-6.15 to -2.66), followed by another increase from 2009 to 2015

(APC: 2.44; 95% CI: 1.23-3.67), and finally the steepest rise was seen

between 2015 and 2020 (APC: 8.24; 95% CI: 7.4-9.47)

(Supplementary Figure 1).
Hypertension related ESRD AAMR stratified
by sex

Men had consistently higher AAMRs than woman during the

analyzed years (overall AAMR men: 23.1; 95% CI: 23.0-23.1; women:

16.4; 95% CI: 16.3-16.4). Starting with 1999, adult men had an AAMR

of 10.8 (95% CI: 10.5-11) which rose to 14.8 in 2010 (APC: 4.36; 95%

CI: -15.54 to 8.73). This rate reached its peak in 2020 with an AAMR

of 52.2 (APC: 13.08; 95% CI: 10-27.42). Imitating this increasing

trend, the Hypertension related ESRD AAMR for women climbed

from 9 (95% CI: 8.8-9.2) in 1999 all the way up to 37.2 in 2020 (APC:

8.39; 95% CI: 7.2-10.47) (Figure 1; Supplementary Tables 3, 4).
Hypertension related ESRD AAMR stratified
by race/ethnicity

AAMR stratification according to race/ethnicity showed that

rates were highest among NH Black or African American patients

followed by NH American Indian or Alaska Native, Hispanic or

Latino, NH Asian or Pacific Islander, and NH White populations

(overall AAMR NH Black or African American: 45.7; 95% CI: 45.5-

46; NH American Indian or Alaska Native: 24.7; 95% CI: 23.9-25.4;

Hispanic or Latino: 23.4; 95% CI: 23.2-23.6; NH Asian or Pacific

Islander: 19.3; 95% CI: 19-19.5; NHWhite: 15.4; 95% CI: 15.4-15.4).

Death rates for NH Black or African Americans increased slightly

from 1999-2011 (APC: 0.93; 95% CI: -14.08 to 4.31) and continued

to hit its highest in 2020 (APC: 8.42; 95% CI: 4.95-23.44). NH

American Indian or Alaska Native community also witnessed an

increase in trend from 1999-2020 (APC: 7.35; 95% CI: 5.9-9.84). A

similar escalation was seen in Hispanic or Latinos (APC: 6.25; 95%

CI: 4.98-8.42), NH Asian or Pacific Islanders (APC: 5.98; 95% CI:

4.78-8.02), and NH White patients (APC: 10.49; 95% CI: 9.51-

13.11) (Figure 2; Supplementary Tables 3, 5).
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Hypertension related ESRD AAMR stratified
by geographic region

The states had a wide range of AAMRs starting from 9.3 (95%

CI: 9-9.5) in Connecticut to 44 (95% CI: 42.4-45.6) in District of

Columbia. States with death rates in the top 90th percentile (District

of Columbia, Oklahoma, Mississippi, Tennessee, Texas, and South

Carolina) had AAMRs more than double the ones found in the

states in the lower 10th percentile (New Hampshire, Montana,
Frontiers in Nephrology 04
Maine, Utah, Massachusetts, and Connecticut) (Figure 3;

Supplementary Table 6).

We also analyzed the mortality rates according to census

regions and found the highest AAMRs in the West (AAMR: 21.2;

95% CI: 21.1-21.3), followed by South (AAMR: 21; 95% CI: 20.9-

21.1), Midwest (AAMR: 18.3; 95% CI: 18.2-18.4), and the Northeast

(AAMR: 14.2; 95% CI: 14.1-14.3) (Supplementary Table 7).

From 2000 to 2010, metropolitan areas had the lead in death

rates which declined in 2011 and reached similar numbers to
FIGURE 2

Hypertension related ESRD AAMRs per 100,000 stratified by race in adults in the United States, 1999 to 2020.* Indicates that the APC is significantly
different from zero at a = 0.05. NH, non-Hispanic; other abbreviations as in Figure 1.
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FIGURE 1

Overall and sex-stratified hypertension related ESRD AAMRs 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 a = 0.05. AAMR, age-adjusted mortality rate.
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nonmetropolitan areas. From 2012 to 2020, AAMRs rose in both

metropolitan and nonmetropolitan settings with nonmetropolitan

ending the study period with the highest rates (Nonmetropolitan

AAMR: 48.5; 95% CI: 47.7-49.2; Metropolitan AAMR: 42.8; 95% CI:

42.5-43.1). However, total AAMR for the study period was slightly

higher in metropolitan areas (overall AAMRs: metropolitan 19.1;

95% CI: 19.1-19.2; nonmetropolitan: 19; 95% CI: 18.8-19.1).

Overall, there was an increase in mortality rates in both

metropolitan and non-metropolitan areas during the study period

(Nonmetropolitan APC: 10.23; 95% CI: 8.96-12.52; Metropolitan

APC: 8.34; 95% CI: 7.42-10.34) (Figure 4; Supplementary

Tables 3, 8).
Discussion

The Centers for Disease Control and Prevention mortality data

were thoroughly examined over a two-decade period, and numerous

important findings were made. To start, our preliminary findings

showed that death rates increased steadily from 1999 through 2020.

However, after performing a sensitivity analysis, a more complex

pattern became apparent. This analysis identified a unique trend in

cardiovascular disease as the main cause of mortality in renal

hypertensive illness. From 1999 to 2005, there was an initial

tendency toward an increase in CVD-related mortality, which was

followed by a drop until 2009. However, there was a rise in CVD-

related mortality starting in 2009 and lasting until 2020. secondly male

had a higher mortality rate and higher incline in mortality till 2020 as

compared to females. third, NH blacks had higher AAMR followed by

NH African Indian, Hispanics and NH Asians. fourthly, we noted

substantial disparities among various regions of the United States. The
Frontiers in Nephrology 05
West region exhibited the highest Age-Adjusted Mortality Rate

(AAMR), followed by the South, Midwest, and Northeast.

Furthermore, metropolitan areas demonstrated higher AAMR values

until 2010, after which AAMR values gradually increased in both non-

metropolitan areas and metropolitan areas eventually taking lead in

non-metropolitan areas in the end. Additionally, AAMR values showed

variation across different states, with states in the top 90th percentile

having higher AAMR values compared to those in the 10th percentile.

The ramifications of these findings for public health initiatives are

considerable and obvious (Figure 5).

Renal hypertensive illness is a crippling ailment that

significantly impairs those who are affected. Hypertension related

ESRD which accounts for about 1-5% of instances of hypertension

in the general population, especially in older people, is

acknowledged as one of the main causes of high blood pressure

(21).It also contributes to 20 to 40 percent of secondary

hypertension cases and is a major factor in the emergence of

resistant hypertension (22).The most common cause of this

illness is atherosclerosis of the renal artery, which is frequently

followed by fibromuscular dysplasia (21, 23). However, there are

additional less frequent causes that can contribute to its occurrence,

including trauma, vasculitis, antiphospholipid antibody syndrome

(APLA), and renal artery dissection (24). This disorder has a few

anomalies and consequences, including an increased risk of

cardiovascular illnesses (22). Laboratory tests for this illness

frequently demonstrate hypokalemia as well as elevated serum

creatinine levels in response to ACE inhibitors (25).Stroke,

ischemic renal disease, retinopathy, and pulmonary edema are

just a few of the serious repercussions that could result from this

illness if it is not properly handled (26).Some of its life-threatening

complications encompass chronic kidney disease, chronic renal
FIGURE 3

Hypertension related ESRD AAMRs per 100,000 stratified by state in adults in the United States, 1999 to 2020. Age-adjusted mortality rate per
100,000 among states, (9.3 – 44).
frontiersin.org

https://doi.org/10.3389/fneph.2023.1339312
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org


Raja et al. 10.3389/fneph.2023.1339312
failure, and heart failure (27). Furthermore, it can accelerate the

deterioration of kidney function in individuals already suffering

from chronic kidney disease, leading to more rapid renal failure

(28). Additionally, those who have this ailment frequently have a

poor cardiovascular prognosis and are more likely to develop

congestive heart failure, which can bring on a number of

difficulties of its own (29, 30). Although there has reportedly been

an increase in mortality rates recently, the evidence for this trend is

still uncertain. Similarly, our trends have also increased in other

disease that is related to this condition i.e., end stage renal

disease (31).

In this condition, gender differences have also been noted.

According to certain research, men are more likely than women

to have hypertensive kidney disease, and women may also be more

resilient to renal and cardiovascular consequences (32, 33). Men

were more vulnerable to hypertension-induced alterations in renal

function, according to a 7-year prospective research in a Chinese

population (34). Males with pre-existing chronic renal illness

deteriorated more quickly than females, according to a meta-

analysis of 68 studies (35). However, in the case of hypertension

related ESRD, a study found that the majority of patients who

developed fibromuscular dysplasia with hypertension related ESRD

and those who developed atherosclerotic renal disease with

hypertension related ESRD were females (36).

In this situation, racial differences are clearly obvious. With an

incidence rate that is seven times higher than that of Caucasians,

African Americans are substantially more likely to develop

hypertensive renal disease. In comparison to Caucasians, they are

also more prone to cardiovascular issues (37). Additionally, African

Americans are more likely to develop renal failure than other races,

and those who have kidney disease in this group typically have a rapid

reduction in renal function (38). However, it is important to note that

Caucasians (39) made up the majority of those who acquired
Frontiers in Nephrology 06
Hypertension related ESRD because of fibromuscular dysplasia.

The regional differences are accounted for based on various factors,

including different lifestyles, financial statuses, and the prevalence of

various comorbid conditions. For instance, in certain areas of the

western US, a lack of facilities contributes to an increase in cases of

Hypertension related ESRD, along with more complex cases and

higher mortality rates (37). The western US also exhibits a higher

prevalence of obesity and diabetes, ultimately leading to an increase

in cases of renal hypertensive disease and associated mortalities.

Similarly, following the western regions, this condition has a high

prevalence rate in the south due to similar risk factors; however, a

sedentary lifestyle is also an important contributing factor toward

mortality in Hypertension related ESRD (38).
Limitations

It’s important to recognize a few constraints that have affected

our analysis as we work to understand the variables affecting death

rates. Even if they are significant, these limits offer important

opportunities for further study and the improvement of our

strategy. First, the lack of thorough clinical data, including

specific biomarkers such as creatinine, GFR (Glomerular

Filtration Rate), proteinuria, HbA1c, glycemia, LDL-C.

Additionally, information about treatment modalities (i.e., blood

pressure values, blood pressure variability), lab tests, or therapeutic

interventions has been lacking and has hampered our efforts to

understand the rise in fatalities. It’s important to note that the CDC

WONDER database, our primary data source, doesn’t include

clinical and laboratory characteristics data. As a result, detailed

subgroup analysis for different prevalences of ESRD such as

hypertensive/non-hypertensive, diabetic/non-diabetic, CKD/non-

CKD, are not available. We are left with a knowledge gap because
FIGURE 4

Hypertension related ESRD AAMRs per 100,000 stratified by census region in adults in the United States, 1999 to 2020.* Indicates that the APC is
significantly different from zero at a = 0.05. Abbreviations as in Figure 1.
frontiersin.org

https://doi.org/10.3389/fneph.2023.1339312
https://www.frontiersin.org/journals/nephrology
https://www.frontiersin.org


Raja et al. 10.3389/fneph.2023.1339312
of this absence, making it impossible for us to identify the

fundamental causes of the rise in death rates. Second, despite

being vast, our database lacks crucial elements that can offer

insightful information on the disease in question. Vital signs,

GFR readings, renal scans, and biopsy results are noticeably

lacking from the list of variables. Thirdly, the lack of information

about medical therapy limits the scope of our analysis.

Understanding the treatments used and how well they work may

provide key insights into mortality patterns. Finally, socioeconomic

information, a crucial driver of health outcomes, has not been
Frontiers in Nephrology 07
considered in our analyses. Socioeconomic considerations have a

significant impact on a person’s ability to receive healthcare and

general well-being.
Conclusions

Our results demonstrated an upward increase in AAMR from

1999 till 2020 in hypertensive renal disease. Men continued to have

greater AAMRs than women, perpetuating gender inequities with
FIGURE 5

Central illustration.
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Nh blacks dominating among other ethnicities. The western region

of US showed higher AAMR values with metropolitan areas

showing higher AAMR values initially till 2010 followed by a

higher increase in AAMRs in non-metropolitan areas. The study

emphasizes how urgent it is to address hypertension related ESRD

as a serious public health issue that necessitates specialized

interventions and healthcare strategies.
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