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Rationale & Objective: Chronic kidney disease
(CKD) is associated with an increased risk of
cardiovascular (CV) mortality, but there are limited
data on temporal trends disaggregated by sex,
race, and urban/rural status in this population.

Study Design: Retrospective observational study.

Setting & Participants: The Centers for Disease
Control and Prevention Wide-Ranging, Online
Data for Epidemiologic Research database.

Exposure & Predictors: Patients with CKD and
end-stage kidney disease (ESKD) stratified
according to key demographic groups.

Outcomes: Etiologies of CKD- and ESKD-
associated mortality between 1999 and 2000.

Analytical Approach: Presentation of age-
adjusted mortality rates (per 100,000 people)
characterized by CV categories, ethnicity, sex
(male or female), age categories, state, and
urban/rural status.

Results: Between 1999 and 2020, we identified
1,938,505 death certificates with CKD (and
ESKD) as an associated cause of mortality. Of all

CKD-associated mortality, the most common
etiology was CV, with 31.2% of cases. Between
1999 and 2020, CKD-related age-adjusted
mortality increased by 50.2%, which was
attributed to an 86.6% increase in non-CV
mortality but a 71% decrease in CV mortality.
Black patients had a higher rate of CV mortality
throughout the study period, although Black
patients experienced a 38.6% reduction in
mortality whereas White patients saw a 2.7%
increase. Hispanic patients experienced a greater
reduction in CV mortality over the study period
(40% reduction) compared to non-Hispanic
patients (3.6% reduction). CV mortality was higher
in urban areas in 1999 but in rural areas in 2020.

Limitations: Reliance on accurate characterization
of causes of mortality in a large dataset.

Conclusions: Among patients with CKD-related
mortality in the United States between 1999 and
2020, there was an increase in all-cause mortality
though a small decrease in CV-related mortality.
Overall, temporal decreases in CV mortality were
more prominent in Hispanic versus non-Hispanic
patients and Black patients versus White patients.
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Kidney failure and earlier stages of chronic kidney dis-
ease (CKD) are associated with increases in both car-
diovascular (CV) and non-CV mortality."” Patients with
CKD have a risk of CV mortality that is similar to diabetes
mellitus or a history of prior myocardial infarction,” and
have higher incidence of heart failure (HF)" as well as
coronary artery disease and stroke-associated mortality.’
Although non-CV mortality may be similar to CV mor-
tality among patients with kidney failure and earlier stages
of CKD, CV disease remains the single leading cause of
death in these populations, accounting for 35%-40% of
deaths.""®” Public health interventions, as well as
improved primary and secondary prevention, have
contributed to significant decreases in CV mortality in the
general population over the past 2 decades,” though it is
unclear whether patients with kidney failure and earlier
stages of CKD have experienced similar improvement in
CV mortality.

Furthermore, although it is established that there are
significant sex and racial differences in CV-related mor-
tality that have persisted over time,*” there are limited data
on temporal changes in CV mortality in patients with CKD
across sex, race, and geographic groups within the United
States. An appreciation of these trends is important because
of the rising prevalence of CKD and because of sex- and
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race-based risk differences for the development of CKD."’
Additionally, whether known sex and racial differences in
CV mortality in the general population extend to or are
magnified in the CKD population and whether such trends
have narrowed or widened over time is unknown.
Consequently, we sought to evaluate the trends in CV and
non-CV mortality in patients with CKD and ESKD in the
United States over a 20-year period with a focus on trends
in key individual causes of CV mortality as well as trends in
CV mortality based on age, sex, race, and urban status.

METHODS

Setting and Study Population

We used the Multiple Cause of Death database accessed
through the Centers for Disease Control and Prevention
Wide-Ranging, Online Data for Epidemiologic Research
(CDC WONDER)."" This database comprises mortality
for US residents and population count from all US
counties between 1999 and 2020. Each death certificate
contains a single underlying cause of mortality, and up
to 20 additional contributing causes, along with de-
mographic data. The underlying cause of mortality is
selected from conditions entered by the physician on the
cause of death section of the death certificate. Causes of
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PLAIN-LANGUAGE SUMMARY

Chronic kidney disease (CKD) is associated with an
increased risk of cardiovascular (CV) mortality. We
wanted to further evaluate CV mortality in the CKD
population, including how CV mortality varied over
time based on sex, race, and ethnicity. We found that
between 1999 and 2020, there was a reduction in CV
mortality among all patients with CKD. The reduction
in CV mortality was similar between men and women.
Reduction in CV mortality was more prominent in
patients of Hispanic ethnicity and Black race, although
Black patients with CKD continued to have the highest
CV mortality throughout the study period. These results
suggest potential improvement in CV care for patients
with CKD, but also note ongoing needs to address race-
based differences in care.

mortality are recorded in accordance with the International
Classification of Diseases, Tenth Revision. The number of deaths,
crude mortality rates, and AAMRs can be obtained by
cause of mortality, place of residence, age, race, sex, and
year.

Analysis Sample

We included all decedents with CKD (N18) as a contrib-
uting cause of mortality. We categorized the main cause of
mortality in decedents with any CKD and ESKD into CV
(I*), genitourinary (N*), endocrine (E*), malignancy (C*,
D00-D49), infections (A*-B*), and gastrointestinal (K*).
We further subcategorized CVs into ischemic heart disease
(IHD, 120-125), HF (150, 142), hypertensive diseases (I10-
I15), cerebrovascular disease (160-169), and ‘other’ CVs.
Common categories of the genitourinary codes (N*)
include glomerular diseases, tubule-interstitial diseases,
acute kidney failure, and other diseases of the kidney and
urinary system.

Statistical Analysis

We calculated the percentage contribution of CV versus
other causes of mortality in patients with CKD and ESKD
between 1999 and 2020. CV-related mortality was
stratified by CV categories, ethnicity, sex (male or fe-
male), age categories, state, and urban/rural status. We
presented the percent change in crude and age-adjusted
CV mortality rates between 2 time points (1999 and
2020). The age-adjusted mortality rates (AAMRs per
100,000 people) are provided by the CDC WONDER
website and were calculated yearly using the direct
standardization method based on the age group weights
from the 2000 US population. Analysis was performed
using Microsoft Excel 2021 and the web-based analysis
tool available through CDC WONDER. Figures were
made using the web tools available through CDC
WONDER.

RESULTS

Population Characteristics

Between 1999 and 2020, we identified a total of
1,938,505 death certificates with CKD (including ESKD) as
a contributing cause of mortality, amounting to an AAMR
of 26.3 per 100,000 (Fig S1). Of the overall CKD-related
mortality, 52.7% (1,022,485) were male and 77.1%
(1,494,601) were White individuals; 19.1% were Black or
African American individuals, 2.9% were Asian or Pacific
Islander individuals, and 0.8% were American Indian or
Alaska Native individuals. Overall, the AAMR was higher in
males (34.0 vs 21.2 per 100,000 in females), and in Black
individuals (53.1 vs 31.3, 23.4, and 20.9 per 100,000 in
American Indians or Alaska Natives, White, and Asian or
Pacific Islander individuals, respectively). Among in-
dividuals with CKD-related mortality, 31% of mortality
cases (605,384) were attributed primarily to CV deaths
(AAMR of 8.2 per 100,000), which was the most com-
mon cause of mortality during the study period. ESKD
was recorded in 846,211 death certificates as a contrib-
uting cause of mortality between 1999 and 2020, of
which 24% (201,392 cases) were classified as CV deaths.
White individuals accounted for 68.5% (579,446 cases,
AAMR of 10.8 per 100,000) of the ESKD-related mor-
tality cohort, followed by Black individuals (26.7%,
225,818 cases, AAMR of 24.6 per 100,000), Asian or
Pacific Islander individuals (3.7%, 31,407 cases, AAMR of
8.4 per 100,000) and American Indian or Alaska Native
individuals (1.1%, 9,520 cases, AAMR of 10.8 per
100,000).

Temporal Trends
Between 1999 and 2020, the CKD-related AAMR increased
by 50% (AAMR 21.9 to 32.9 per 100,000), and the ESKD-
related AAMR increased by 44% (9.4-13.6 per 100,000).
In 1999, among the CKD-related mortality cohort, CV
diseases were the most common underlying causes of
mortality (AAMR of 8.5 per 100,000, 39% of all mortality
causes), followed by genitourinary (AAMR of 5.2 per
100,000, 24% of all mortality), endocrine (AAMR of 3.2
per 100,000, 15% of all mortality), and malignancy-
related mortality (AAMR of 1.4 per 100,000, 6% of all
mortality). In 2020, genitourinary causes were the most
common causes of mortality (29% of mortality, 82.7%
increase in AAMR from 5.2 to 9.5 per 100,000), and CV
causes were the second most common (24% of mortality,
7.1% decrease AAMR from 8.5 to 7.9 per 100,000), fol-
lowed by malignancy (9% of mortality, 121.4% increase
in AAMR from 1.4 to 3.1 per 100,000), respiratory (7% of
mortality, 100% increase in AAMR from 1.1 to 2.2 per
100,000), and endocrine-related mortality (3% of mor-
tality, 65.6% decrease in AAMR from 3.2 to 1.1 per
100,000) (Table 1, Fig 1A).

Among individuals with ESKD-related mortality, CV
causes accounted for 32% of mortality in 1999 and were
the most common causes of mortality (AAMR of 3.1). In
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Table 1. Overall and CV CKD-/ESKD-Related Mortality

Kidney Medicine

Crude Rate®

Age-Adjusted Rate®

1999 2020 Percent Change 1999 2020 Percent Change
Overall CKD-related mortality 21.4 41.4 +93.5% 21.9 32.9 +50.2%
CV mortality 8.3 10.0 +20.5% 8.5 7.9 -71%
Overall non-CV mortality 1341 31.4 +139.7% 13.4 25.0 +86.6%
Genitourinary (including renal) 5.0 11.9 +138.0% 5.2 9.5 +82.7%
Endocrine and metabolic 3.2 1.4 -56.3% 3.2 1.1 -65.6%
Malignancy 1.3 3.8 +192.3% 1.4 3.1 +121.4%
Respiratory 1.0 2.8 +180.0% 1.1 2.2 +100%
Infectious 0.8 1.2 +50.0% 0.8 0.9 +12.5%
Overall ESKD-related mortality 9.3 171 +83.9% 9.4 13.6 +44.7%
CV mortality 3.0 3.1 +3.3% 3.1 2.6 -19.3%
Overall non-CV mortality 6.3 14.0 +122.2% 6.3 11.1 +76.2%
Genitourinary (including renal) 2.5 7.7 +208.0% 2.5 6.1 +144.0%
Endocrine and metabolic 1.6 0.5 -68.8% 1.6 0.4 -75.0%
Malignancy 0.5 1.0 +100% 0.5 0.8 +60.0%
Infectious 0.6 0.7 +16.7% 0.6 0.5 -16.7%
Gl 0.4 0.8 +100% 0.4 0.6 +50.0%

Abbreviations: CKD, chronic kidney disease; CV, cardiovascular; ESKD, end-stage kidney disease; Gl, gastrointestinal.

#Per 100,000 US population

2020, CV causes were the second most common cause of
mortality, accounting for 18% of mortality (AAMR of 2.5
per 100,000), and genitourinary mortality was the most
common cause of death (45% of mortality and AAMR of
6.1 per 100,000, compared with 27% of mortality and
AAMR of 2.5 per 100,000 in 1999) (Table 1, Fig 1B).
Table 2 presents the characteristics of CKD-related CV
mortality, including patients with both CKD and ESKD.
During the study period, the most common CV cause of
mortality was ITHD (AAMR of 5.2 in 1999 and 3.2 per
100,000 in 2020), followed by HF/cardiomyopathy
(AAMR of 0.9 in 1999 and 1.5 per 100,000 in 2020),
cerebrovascular disease (AAMR of 0.8 in 1999 and 0.7 per
100,000 in 2020), and hypertensive disease (AAMR of 0.4

= Cardiovascular

“ = genito-urinary (including renal)
@ Endocrine and metabolic
Malignancy
- 14% = Respiratory
= Infectious
= Other
9%

3%

in 1999 and 0.6 per 100,000 in 2020), as shown in Fig
S2.

Regional Differences in CV Mortality in Patients
with CKD and ESKD

Differences between urban and rural counties mortality
trends were observed. In 1999, the CV AAMR was higher
in urban compared to rural counties (8.6 vs 7.8 per
100,000). During the study period, the AAMR decreased
in urban counties (-10.5%) and increased in rural counties
(14.1%); as a result, in 2020, the AAMR in rural counties
was higher than in urban counties (8.9 vs 7.7 per
100,000). Figure S3 presents AAMR between 1999 and
2000 by state, whereas Figure S4 presents the change in CV
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Figure 1. Main causes of mortality in patients with CKD and ESKD in 1999 and 2020. (A) Main causes of mortality in patients with
CKD in 1999 (inner circle) vs 2020 (outer circle) expressed as a percent of total mortality. (B) Main causes of mortality in patients
with ESKD in 1999 (inner circle) vs 2020 (outer circle) expressed as a percent of total mortality. Abbreviations: CKD, chronic kidney

disease; ESKD, end-stage kidney disease; Gl, gastrointestinal.
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Table 2. CKD- and ESKD-Related CV Mortality
Crude Rate? Age-Adjusted Rate?
Percent Percent
1999 2020 Change 1999 2020 Change
Overall 8.3 10.0 +20.5% 8.5 7.9 -7.1%
Main causes of death
Ischemic heart diseases 5.1 4.1 -19.6% 5.2 3.2 -38.5%
Hypertensive diseases 0.4 0.8 +100.0% 0.4 0.6 +50.0%
Heart failure/cardiomyopathy 0.8 1.9 +137.5% 0.9 1.5 +66.7%
Cerebrovascular diseases 0.8 0.8 0% 0.8 0.7 -12.5%
Sex
Male 9.0 11.2 +24.4% 115 10.5 -8.7%
Female 7.6 8.8 +15.8% 6.6 6.1 -7.6%
Age
Under 65 1.8 1.5 -16.7% 1.8 1.1 -38.9%
65-84 43.9 30.8 -29.8% 441 33.5 -24.0%
85 and over 130.7 207.9 +59.1% N/A
Hispanic origin
Hispanic or Latino 4.2 4.0 -4.8% 10.5 6.3 -40.0%
Not Hispanic or Latino 8.8 11.4 +29.5% 8.4 8.1 -3.6%
Race
White 7.7 10.4 +35.1% 7.3 7.5 +2.7%
Black or African American 13.0 10.7 -17.7% 19.7 12.1 -38.6%
Asian or Pacific Islander 5.7 5.1 -10.5% 10.6 5.3 -50.0%
American Indian or Alaska Native 5.0 5.2 +4% 11.4 7.4 -35.1%
Region
Northeast 8.9 9.3 +4.5% 8.2 6.7 -18.3%
Midwest 8.7 12.1 +39.1% 8.6 9.2 +7.0%
South 8.2 9.6 +17.1% 8.4 7.9 -6.0%
West 7.6 9.3 +22.4% 8.8 7.8 -11.4%
Urbanization
Urban 8.2 9.5 +15.9% 8.6 7.7 -10.5%
Rural 9.1 13.3 +46.2% 78 8.9 +14.1%

Abbreviations: CKD, chronic kidney disease; CV, cardiovascular; ESKD, end-stage kidney disease.

#Per 100,000 population.

AAMR in individuals with CKD between 1999 and 2020
by state.

Sex Differences in CV Mortality in Patients with
CKD and ESKD

During the study period, males accounted for 54% of the
CV mortality in individuals with CKD (326,837 deaths),
and the AAMR of males was higher than of females (11.0
vs 6.3). During the study period, both male and female
patients demonstrated similar decreases in CV AAMR
(8.7% reduction in males and 7.6% reduction in females).
Male patients had higher CV AAMR than females both at
the beginning (11.5 vs 6.6 per 100,000) and end (10.5 vs
6.1 per 100,000) of the study period (Table 2).

Racial or Ethnic Differences in CV Mortality in
Patients with CKD and ESKD

Although 79.2% of CV mortality in patients with CKD
during the study period was observed in White in-
dividuals, the CV AAMR was highest in Black individuals
(15.0 per 100,000) followed by American Indian or

Alaska Native, White, and Asian or Pacific Islander in-
dividuals (8.0, 7.7, and 6.9 per 100,000, respectively). In
1999, the highest CV AAMR was observed in Black in-
dividuals (19.7 per 100,000) and the lowest was observed
in White individuals (7.3 per 100,000). Between 1999
and 2020, we observed a decrease in AAMR among ethnic
minorities (50%, 38.6%, and 35.1% among Asian or Pa-
cific Islander, Black or African American, and American
Indian or Alaska Native individuals, respectively), but not
in White individuals (2.7% increase), representing a nar-
rowing of racial differences in CV mortality over time. In
2020, the highest AAMR was still observed in Black pa-
tients (12.1 per 100,000), followed by White, American
Indian or Alaska Native, and Asian or Pacific Islander in-
dividuals (7.5, 7.4, and 5.3 per 100,000, respectively)
(Fig 2). Regarding patients of Hispanic ethnicity, we noted
that CV AAMR was 10.5 per 100,000 in 1999 but dropped
to 6.3 per 100,000 in 2020, a decline of 40.0%. CV AAMR
among non-Hispanics dropped from 8.4 to 8.1 per
100,000 over the study period, representing a smaller
3.6% decline. Likewise, this suggests a narrowing in
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Figure 2. Percent change in age-adjusted total CKD-related CV death 1999-2020 by race. Abbreviations: AAMR, age-adjusted
mortality rate; CKD, chronic kidney disease; CV, cardiovascular; ESKD, end-stage kidney disease.

differences in the CV mortality of Hispanic patients, with
Hispanics having a lower CV AAMR than non-Hispanics
in 2000.

DISCUSSION

The current analysis demonstrates a decrease in CV mor-
tality associated with CKD and ESKD between 1999 and
2020, which was more prominent in Black and Hispanic
patients as well as in urban communities. We report that
age-adjusted all-cause mortality where CKD was listed as a
contributor increased by about 50% over the study period,
which was because of an 86% increase in non-CV mor-
tality that was offset by a 7% decrease in CV mortality. We
identified persistent racial differences in CV mortality,
which remained highest in Black patients throughout the
study period, although race-related differences between
Black and White patients in CV mortality narrowed. Like-
wise, Hispanic patients with CKD saw a greater reduction
in CV mortality than non-Hispanic patients over the study
period, with higher CV mortality among Hispanic patients
in 1999 but lower CV mortality in 2020 compared with
non-Hispanics. Although we report that urban CV mor-
tality rates were higher than in rural communities at the
start of the study period, these have declined but are offset
by an increase in rural CV mortality rates, reflecting a
growing burden of CV mortality in rural communities.
Finally, among individual causes of CV mortality, there
was a decline in mortality attributed to IHD and cerebro-
vascular disease, but an increase in mortality due to HF.
Given the growing prevalence of CKD in the United States,
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these results may have important implications in priori-
tizing mortality reduction strategies to improve the care of
the CKD population.

The results from this cohort expand on prior literature
about the CV and non-CV mortality in patients with kidney
failure and earlier stages of CKD. Among prior cohorts
with CKD, CV-related mortality, particularly from IHD and
cerebrovascular disease, was higher in those with lower
glomerular filtration rates (GFRs), whereas patients with
higher GFRs were more likely to have malignancy and
other causes of death predominate.""'” HF had previously
been shown to be a less common cause of mortality in
patients with CKD, although it was more predominant at
lower GFRs.'” Similar causes of mortality were identified
in patients who progressed to kidney failure, with in-
fections and malignancy'” as common non-CV causes and
myocardial infarction, cerebrovascular disease, and HF as
common CV causes of mortality.” The current study builds
on this prior literature by both highlighting data from a
more contemporary cohort of CKD- and ESKD-associated
mortality as well as demonstrating trends in specific CV
and non-CV etiologies of mortality over time. An appre-
ciation of the mortality trends highlighted here may play
an important role in selecting targets for both research and
therapeutic interventions. Furthermore, such mortality
trends help identify public health policy priorities to nar-
row racial differences and the growing chasm between CV
outcomes among rural and urban populations.

Targeting morbidity and mortality in patients with
kidney failure and earlier stages of CKD has been chal-
lenging for a variety of reasons.'” Despite lack of
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randomized evidence for certain CV mortality-reducing
therapies, such as statins, in the advanced CKD (particu-
larly dialysis) population,'® the noted reduction in CKD-
associated IHD and cerebrovascular mortality suggests
that currently instituted strategies for CV disease care have
yielded benefit. Nevertheless, the relative decrease in CV
mortality among patients with CKD over the study period
may be smaller than the declines in CV mortality seen in
the general US population over the same time period,” a
finding that has also been observed in other cohorts.'® This
suggests that additional focus on reducing overall CV
mortality in the CKD population as well as targeting in-
dividual components of CV mortality is warranted. For
example, mortality from hypertensive disease and HF have
increased over time, implying that additional focus on HF
and common comorbid conditions contributing to HF,
such as hypertension, should become important strategies
in an effort to alter the current trends and potentially
reduce system costs.'” Care of patients with CKD and HF
has been complicated by traditional exclusion of patients
with advanced CKD and kidney failure from HF trials,'®
underdosing of HF evidence-based therapies,m as well as
potential difficulty in diagnosing HF in this population”’
given overlapping symptomatology. Improving ap-
proaches to diagnosis and management of HF are therefore
important treatment targets to reduce both absolute and
relative increases in HF mortality in the CKD population.
Further CV benefit in patients with CKD may also be ex-
pected with wider adoption of novel therapies including
sodium/glucose cotransporter 2 inhibitors”'*** and selec-
tive nonsteroidal mineralocorticoid receptor antagonists,”’
which have demonstrated favorable effects on CV out-
comes among patients with CKD, although these therapies
have not been studied in ESKD.

The current study also highlights the trends in sex- and
race-based CV mortality in patients with CKD over time.
CKD-related excess in mortality has previously been shown
to be similar or only marginally higher among male
compared to female patients,'””* and the current study
demonstrates that CV mortality improved similarly for
both sexes. Regarding race, prior studies have demon-
strated variable effects of race on outcomes of patients with
CKD and ESKD, with studies demonstrating similar, lower,
and higher all-cause mortality among Black compared to
White patients.””*” Prior data on the effects of race on
specifically CV mortality is limited. CV mortality among
patients with CKD was noted to be higher among Black
than White patients when adjusted for age and sex but not
when concomitantly adjusted for CV risk factors or so-
cioeconomic status.”” These results may be explained by
data suggesting that Black patients have a higher risk for
HF’® and a higher burden of comorbid conditions”’
including hypertension, diabetes, obesity, and cigarette
smoking, which lead to higher IHD risk and mo1rtality.51
The current findings add to this prior literature around
the association between Black race and CV mortality.
Despite more prominent improvements over time, current

nationwide data suggests that Black patients continued to
have the highest age-adjusted mortality in 2020. Although
absolute and relative improvements in mortality among
Black patients are encouraging and suggest that racial dif-
ferences in CV care may be decreasing over time,”**” such
differences remain prevalent.” Additional focus on
improving care of comorbid conditions, disease progres-
sion, and addressing socioeconomic differences are
important to improve higher CV mortality rates observed
in Black patients.

This study also demonstrates temporal trends in CV
mortality rates among Hispanic versus non-Hispanic pa-
tients with CKD, which is important as Hispanic patients
are the largest ethnic minority group in the United States.
Hispanic patients experienced greater improvement in
mortality rates over the study period and had lower CV
mortality compared to non-Hispanic patients in 2020.
Prior data on all-cause and CV mortality risk among His-
panic patients with CKD has been mixed, with studies
demonstrating similar to lower mortality risk in the His-
panic population.”’’* Various explanations may explain
the propensity for lower CV mortality risk among the
Hispanic population, including social factors such as
family cohesion,** equivalent to lower risk for athero-
sclerotic events,”* as well as lower rates of CKD progres-
sion.”” Although differences in care for the Hispanic
community remain prominent,”” the favorable trends in
CV mortality suggests that these differences may be nar-
rowing over time similar to what is seen among Black
patients with CKD.

Another important finding of the current study is dif-
ferential trends in CKD-associated CV mortality between
urban and rural areas of the United States, with a decrease
in mortality in urban regions but an increase in mortality
in rural regions over the study period. Patients residing in
rural areas may have poorer access to care, which may
increase CKD-related events in this population.”® Addi-
tionally, the urban population in the United States may
have different age and racial makeup compared to rural
areas, with younger and more non-White individuals,®’
both groups that saw prominent mortality reductions
over time in the current cohort. Divergent trends between
urban and rural CV mortality in patients with CKD deserve
further evaluation, but these findings are concordant with
all-cause®® and CV*° mortality trends in the United States,
which demonstrate relatively worse outcomes among rural
compared with urban populations.

The current study has limitations. Analyses of the CDC
dataset are dependent on the accuracy of the entered data.
Causes of death may be multifactorial and individual
contributors may be difficult to determine with clinician
variability in assigning causes. This may affect classification
of mortality into CV, genitourinary, or other categories,
and significant discrepancies among causes of mortality
between datasets and patient records among patients with
CKD have been described.*’ Additionally, it is possible that
CKD or ESKD was not listed as a contributor to mortality
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among some patients with CKD or ESKD. Other important
data including severity of CKD based on estimated
glomerular filtration rate and duration of CKD or ESKD are
not available. Presence, severity, and treatment of CV and
non-CV comorbid conditions are also not available in this
dataset, and therefore, outcomes cannot be adjusted for
differences in comorbid burden. Diagnosis of CKD may
have varied over the long study period, including due to
increased attention to estimated glomerular filtration rate
as well as use of variable formulas for estimating
glomerular filtration rate over time."' Higher rates of
diagnosis over time may lead to greater likelihood that a
death would be classified as being related to CKD, and this
may explain rising mortality rates during the study.
However, demonstration of similar trends in the ESKD
cohort suggests that ascertainment bias in CKD diagnosis
may not be sufficient to explain the current findings,
although incorrect diagnosis or coding of CKD and ESKD
remains possible. Care of patients in this cohort may vary
because of insurance coverage, and patients with ESKD
may have greater access to care because of universal
coverage through Medicare. Patients with ESKD who un-
derwent kidney transplant are not specifically included in
this analysis. The last year of the data includes mortality
that may be related to the COVID pandemic, and the effects
of COVID on CKD- and ESKD-related CV mortality will
require further evaluation. This manuscript focuses pri-
marily on mortality causes classified as CV, and changes in
other causes of mortality based on sex, race, ethnicity, or
urbanization status are not evaluated in this manuscript.

In conclusion, the current analysis of mortality data be-
tween 1999 and 2020 demonstrates an increase in overall
CKD- and ESKD-associated mortality, although there was a
decrease in mortality associated with CV causes. Overall
declines in CV mortality were similar based on sex but were
more prominent in Hispanic and Black patients, although
the overall absolute burden remains greater in Black pa-
tients. Finally, we report that there are growing differences
in CV mortality between urban and rural communities.
Further evaluation on contributors to mortality and strate-
gies to reduce CV- and non-CV-associated mortality are
needed in the CKD population at the policy level.
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