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Abstract

Background: Cardiovascular disease (CVD) is associated with high mortality in the United States, but the
burden of CVD mortality is unevenly distributed between demographic and geographic subgroups, with poor
characterization of state-specific trends. In this study, the disparities in CVD-related mortality trends in Texas
and the United States from 1999 to 2019 were assessed.

Methods: Trends in CVD-related mortality were evaluated through analysis of the Multiple Causes of Death
Files from the National Center for Health Statistics. Crude and age-adjusted mortality rates (AAMRs) per
100,000 population with associated annual percentage changes were determined. Joinpoint regression was
used to assess trends in the CVD-related mortality rates.

Results: Between 1999 and 2019, 29,455,193 CVD-related deaths were reported in the United States, of
which 1,937,166 occurred in Texas. After an initial decline in the overall AAMR in Texas (annual percentage
change, -2.5 [95% CI, -2.8 to -2.1]), a steady level was maintained from 2009 to 2019 (annual percentage
change, 0.2 [95% CI, —-0.5 to 0.2]). In the United States, after initial decline, AAMR plateaued from 2011 to
2019. Overall, CVD-related AAMR was slightly higher in Texas than in the overall United States (AAMR, 674.1
[95% Cl, 673.2-675.1] vs 654 [95% Cl, 6563.8-654.3]). Men, non-Hispanic Black people, and people 85 years of
age and older had the highest AAMRs in Texas and nationwide. Nonmetropolitan areas, both nationally and

in Texas, consistently had higher mortality rates. The AAMRs also varied significantly by county within Texas.

Conclusion: Despite an initial period of decline, CVD-related mortality rates have plateaued in Texas and the
United States. Higher AAMRs were observed in Texas than in the overall United States. Prevalent disparities
also exist based on demographic and geographic subgroups.
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Introduction

ardiovascular disease (CVD) remains the lead-

ing cause of mortality in the United States."

Despite a notable decline in age-standardized
CVD mortality rates between the 1970s and 2010s, re-
cent years, even before the COVID-19 pandemic, have
seen stagnation and even a reversal of this trend in cer-
tain demographic groups.”® This shift may be explained
partly by the simultaneous surge in the prevalence of
obesity and diabetes.” Nevertheless, it symbolizes a no-
table turning point in the century-old battle against
heart disease. The distribution of CVD burden across
the United States is uneven, with substantial varia-
tions based on geographic region, age, sex, race, and
ethnicity.”” Evidence suggests that the southern region
of the United States, historically associated with poor
health outcomes, bears a sizeable portion of the CVD
burden.*" In-depth understanding of CVD mortality
trends at the state level is crucial for planning targeted
interventions and policy-making efforts at the local
level.

The aim of this study was to provide an analysis of
CVD-related mortality in Texas, the second-largest
state in the United States. In 2022, adults in Texas ex-
hibited a 9.0% prevalence of CVD (unadjusted), close to
the overall US prevalence of 9.1%." Furthermore, CVD
prevalence in adults closely followed that of the overall
United States in several preceding years. In addition, in
2021, heart disease hospitalizations were reported at a
rate of 740.7 per 100,000 residents.”

To address the burden of CVD in Texas, which faces
distinct challenges and implications regarding cardio-
vascular health, a nationwide database was queried
for CVD-related mortality trends from 1999 to 2019.
Subgroup analyses by sex, age, race, ethnicity, and ge-
ography were conducted. Trends within Texas were
compared with overall trends in the United States dur-
ing the same time period.

Patients and Methods

Deaths related to CVD occurring in Texas and the
United States (including Texas) were extracted from the
Centers for Disease Control and Prevention Wide-rang-
ing ONline Data for Epidemiologic Research system."
The Multiple Cause-of-Death Public Use record death
certificates were used to analyze deaths in which CVD
was mentioned as an underlying or contributing cause
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Key Points

e The disparities in CVD-related mortality trends in
Texas and the United States from 1999 to 2019
were assessed through analysis of the Multiple
Causes of Death Files from the National Center
for Health Statistics.

e Despite an initial period of decline, CVD-related
mortality rates have plateaued in Texas and the
United States.

e Higher AAMRs were observed in Texas than in
the overall US population. Prevalent disparities
also exist based on demographic and geographic
subgroups, with the highest AAMRs reported in
men, non-Hispanic Black people, and people 85
years of age and older in Texas and nationwide.

e Further investigation of these disparities and
targeted efforts are needed to equitably counter
these varying levels of mortality.

Abbreviations

AAMR, age-adjusted mortality rate
APC, annual percentage change
CVD, cardiovascular disease

Supplementary Materials

For supplemental materials please see the online
version of this paper.

of death on nationwide death certificates. This database
has previously been used in several other studies to de-
termine trends in mortality of CVD.”* Cardiovascular
disease was identified with /nternational Classification
of Diseases, Tenth Revision, Clinical Modification codes
100-199 (diseases of the circulatory system) in people
at least 25 years of age (people with age “not stated”
were not included in this analysis; CVD-related deaths
n=1,261 between 1999 and 2019). Mortality contrib-
uted by CVD subgroups was also studied: heart disease
(1I00-109, 111, 113, and 120-I51), ischemic heart disease
(I20-125), cerebrovascular disease (160-169), heart fail-
ure or cardiomyopathy (I11.0, 113.0, 113.2, 150, 142,
090.3), and hypertension (I110-115). Institutional review
board approval was not sought because the Centers for
Disease Control and Prevention Wide-ranging ONline
Data for Epidemiologic Research system contains pub-
licly available, anonymized data.

Deaths related to CVD, population sizes, and location
in which death occurred (including medical facilities
[outpatient, emergency department, inpatient, death on
arrival, or status unknown], home, hospice, and nurs-
ing home or long-term care facility) were extracted.
Demographics (sex, race and ethnicity, and age) and re-
gional information (metropolitan or nonmetropolitan
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and state) were extracted from 1999 to 2019. Race and
ethnicity were defined as non-Hispanic White, non-
Hispanic Black or African American, and Hispanic or
Latino. In the analysis stratified by race and ethnicity,
non-Hispanic Asian or Pacific Islander and non-His-
panic Native American or Alaska Native populations
(the other categories available in the database during
the entire study period) were not evaluated, but these
populations and those with Hispanic origin “not stat-
ed” were not excluded in any other analysis. Age groups
were categorized as 25 to 39, 40 to 54, 55 to 69, 70 to
84, or 85 years and older. For urban-rural classifications,
the 2013 National Center for Health Statistics Urban-
Rural Classification Scheme was used to divide the
counties into metropolitan (large central metropolitan,
large fringe metropolitan, medium metropolitan, and
small metropolitan) and nonmetropolitan (micropoli-
tan and noncore) categories.” The data on CVD-related
mortality in border (within 100 km [62 miles] of the
US-Mexico border) and nonborder counties in Texas
were abstracted.®

Statistical Analysis

Crude mortality rates and age-adjusted mortality rates
(AAMRs) per 100,000 population were determined.
The crude mortality rates were determined by dividing
the number of CVD-related deaths by the correspond-
ing Texas or US population of that year. The AAMRs
were determined by standardizing the CVD-related
deaths to the year 2000 population, as previously de-
scribed.” The Joinpoint Regression Program (version
49.1.0, National Cancer Institute) was used to deter-
mine trends in crude mortality rate and AAMR by
using annual percentage change (APC).” This method
identifies temporal changes in crude mortality rate and
AAMR over time by fitting a series of joined straight
lines on a log scale. The APCs with 95% Cls for the
crude mortality rate and AAMR were calculated at the
identified line segments linking joinpoints. The APCs
were considered increasing or decreasing if the slope
describing the change in mortality was statistically sig-
nificantly different from zero. Statistical significance
was set at <.05. The rate ratios for AAMRs were also
calculated to demonstrate the mortality differences in
several demographic subgroups in Texas and the United
States.
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Results

Between 1999 and 2019, a total of 29,455,193 CVD-
related deaths were reported in the United States, of
which 1,937,166 (6.6%) occurred in Texas (Supple-
mental Table I). In Texas, data for place of death were
available for 1,869,185 deaths, of which 49.8% occurred
in medical facilities, 20.6% occurred in nursing or long-
term care facilities, 3.5% at hospice, and 26.1% at home.
In the United States overall, of 28,173,194 deaths with
data on place of death, 47.3% occurred in medical facili-
ties, 23.8% in nursing or long-term care facilities, 3.2%
in hospice, and 25.7% at home (Supplemental Table II).

Annual Trends in Mortality

Overall, the AAMR related to CVD in Texas was 802.5
per 100,000 (95% ClI, 797.1-808.0) in 1999 and 615.2
in 2019 (95% CI, 611.5-618.8) (Table I). A decline in
AAMR was noted from 1999 to 2009 (APC, -2.5 [95%
CI, -2.8 to -2.1]), which appeared to plateau from 2009
to 2019 (APC, -0.2 [95% CI, -0.5 to 0.2]). Between
1999 and 2019, the overall AAMR related to CVD
in Texas (674.1 [95% CI, 673.2-675.1]) was margin-
ally higher than in the overall US population (654.0
[95% CI, 653.8-654.3)). In addition, Texas ranked 35th
among all states in terms of CVD mortality, having the
17th-highest AAMR.

In the United States as a whole, AAMRs were 798.5 in
1999 (95% CI, 797.2-799.8) and 595.6 in 2019 (95%
CI, 594.6-596.5). Mortality rates declined from 1999 to
2011 (APC, -2.4 [95% CI, -2.5 to -2.2]) before stabi-
lizing in the 2011 to 2019 period (APC, -0.1 [95% CI,
-0.4 t0 0.1]) (Fig. 1, Supplemental Tables III and IV).
The maps in Supplemental Figures 1A, 1B, and 1C and
Figure 2 show CVD mortality rates across US states
during the years 1999 to 2004, 2005 to 2009, 2009 to
2014, and 2015 to 2019, respectively.

Mortality Trends Across Demographic Groups

Sex

In Texas, higher CVD-related AAMRs were observed
in men (1999: 953.5 [95% CI, 943.7-963.3]; 2019:
736.5 [95% CI, 730.4-742.6]) than in women (1999:
690.4 [95% CI, 684.0-696.9]; 2019: 514.1 [95% CI,
509.7-518.5]) throughout the study period. In both
men and women, the decline in the CVD AAMR was
steeper between 1999 and 2009 (APC for men, -2.5
[95% CI, -2.9 to -2.2]; APC for women, -2.5 [95%
CI, -2.9 to -2.1]), with flattening thereafter for men
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TABLE I. CVD-Related Deaths and Mortality Rates, Stratified by Demographic and Geographic Subgroups, in Texas and the United States,

1999-2019
Overall AAMRs in 1999 AAMRs in 2019 Overall AAMRs
deaths (95% CI) (95% CI) (95% CI)
Texas us Texas us Texas us Texas us
Overall 1,937,166 29,455,193 802.5 798.5 615.2 595.6 674.1 654.0
(797.1-808.0) (797.2-799.8) (611.5-618.8) (594.6596.5) (673.2-675.1) (653.8654.3)
Demographics
Sex
Male 967,594 14,414,263 953.5 963.6 736.5 715.6 795.2 779.4
(943.7-963.3) (961.2-965.9) (730.4-742.6) (714.0-717.2) (793.6-796.9) (779.0-779.8)
Female 969,572 15,040,930 690.4 678.5 5141 496.6 577.3 555.8
(684.0-696.9) (676.9-680.0) (509.7-518.5) (495.5-497.7) (576.1-5678.4) (555.5-556.0)
Race and ethnicity
Non-Hispanic Black 244,453 3,484,590 1,097.0 1,074.4 801.8 764.2 900.3 861.0
or African American (1,075.6-1,118.4) (1,069.0-1,079.7) (788.2-815.4) (760.7-767.7) (896.6-904.0) (860.0-861.9)
Non-Hispanic White 1,314,140 23,510,590 7911 779.2 643.3 602.3 683.3 649.9
(784.8-797.4) (777.8-780.6) (638.5-648.1) (601.2-603.4) (682.2-684.5) (649.7-650.2)
Hispanic or Latino 347,432 1,612,249 702.0 654.9 517.6 456.8 575.5 506.2
(688.8-715.3) (649.1-660.7) (510.8-524.5) (454.0-459.6) (573.5-577.4) (505.4-507.0)
Age, y?
25-39 30,094 382,655 26.0 29.9 29.3 31.9 26.6 29.1
(24.6-27.5) (29.4-30.3) (28.0-30.7) (31.4-32.3) (26.3-26.9) (29.0-29.2)
40-54 151,175 1,958,815 142.8 148.6 145.7 146.9 144.9 146.6
(139.1-146.4) (147.6-149.5) (142.5-148.9) (146.0-147.9) (144.1-145.6) (146.4-146.8)
55-69 408,431 5,412,865 686.8 683.6 584.5 546.9 582.9 546.1
(675.7-697.8) (680.8-686.4) (577.4-591.5) (545.0-548.8) (581.1-584.7) (545.6-546.6)
70-84 743,879 11,173,761 2,901.7 2,887.4 2,024.2 1,896.9 2,356.2 2,267.4
(2,871.4-2,932.1) (2,880.2-2,894.7) (2,004.8-2,043.6)  (1,891.9-1,901.8) (2,350.8-2,361.5) (2,266.0-2,268.7)
>85 603,587 10,627,097 11,196.2 11,141.4 8,310.7 8,479.1 9,346.1 9,327.9
(11,060.5-11,331.8)  (11,109.3-11,173.5)  (8,222.3-8,399.2)  (8,456.9-8,501.4) (9,322.5-9,369.7) (9,322.3-9,333.6)
Urbanization
Metropolitan 1,560,942 23,700,383 794.4 789.6 596.5 576.7 659.4 638.9
(788.2-800.6) (788.2-791.1) (592.6-600.4) (575.6-577.7) (658.3-660.4) (638.7-639.2)
Nonmetropolitan 376,224 5,754,810 839.8 837.1 732.3 695.6 750.9 727.0
(827.6-852.0) (834.0-840.2) (721.9-742.7) (693.1-698.2) (748.5-753.3) (726.4-727.6)
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TABLE I. CVD-Related Deaths and Mortality Rates, Stratified by Demographic and Geographic Subgroups, in Texas and the United States,
1999-2019 (continued)

Overall AAMRs in 1999 AAMRs in 2019 Overall AAMRs

deaths (95% CI) (95% CI) (95% CI)

Texas us Texas us Texas us Texas us
CVD type
Heart failure or 489,278 7,209,839 203.5 190.0 170.2 159.6 174.4 160.1
cardiomyopathy (200.7-206.3) (189.3-190.6) (168.3-172.2) (159.1-160.1) (173.9-174.9) (160.0-160.2)
Ischemic heart 802,617 12,173,206 402.7 385.5 220.5 204.9 278.6 269.9
disease (398.8-406.6) (384.6-386.4) (218.3-222.7) (204.4-205.5) (277.9-279.2) (269.7-270.0)
Cerebrovascular 356,189 5,071,077 1771 159.9 105.5 97.1 126.2 113.0
disease (174.5-179.7) (159.3-160.5) (104.0-107.0) (96.7-97.4) (125.8-126.7) (112.9-113.1)

AAMR, age-adjusted mortality rate per 100,000; CVD, cardiovascular disease.

@ Crude mortality rate per 100,000 is used for age groups.
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Fig. 1 Trends in overall cardiovascular disease-related age-adjusted mortality rates in Texas and the United States,
1999 to 2019.

*Indicates that the annual percentage change (APC) is statistically significantly different from zero at a=.05.

Age-adjusted mortality rate per 100,000 =~ =
468.2 845.6

Fig. 2 State-level cardiovascular disease-related age-adjusted mortality rates per 100,000 people in the United States,
2015 to 2019.
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-o-Texas male: 1999-2009 APC -2.5* (95% Cl, -2.9 to -2.2), 2009-2019 APC 0 (95% Cl, -0.3 to 0.3).
-8-United States male: 1999-2002 APC -1.9* (95% Cl, -3.0 to -0.8), 2002-2007 APC -2.9* (95% Cl, -3.6 to -2.2),
2007-2012 APC-1.7* (95% Cl, -2.4 to -1.0), 2012-2019 APC 0.0 (95% Cl, -0.3 t0 0.3)
1000 -0-Texas female: 1999-2009 APC -2.5* (95% Cl, -2.9 to -2.1), 2009-2019 APC -0.5* (95% Cl, -0.9 to -0.1).

United States female: 1999-2002 APC -1.7* (95% Cl, -3.0 to -0.3), 2001-2011 APC -2.6* (95% Cl, -2.9 to -
2.3),2011-2019 APC -0.3* (95% Cl, -0.6 to 0).
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Age-adjusted mortality rates per 100,000
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Fig. 3 Cardiovascular disease-related mortality rates stratified by sex in Texas and the United States, 1999 to 2019.

*Indicates that the annual percentage change (APC) is statistically significantly different from zero at a=.05.

from 2009 to 2019 (APC, 0 [95% CI, -0.3 to 0.3]), and
the decline in AAMR decreased for women from 2009
to 2019 (APC, -0.5 [95% CI, -0.9 to -0.1]) (Fig. 3,
Supplemental Table IV).

As in Texas, in the overall US population AAMRs were
higher in men (1999: 963.6 [95% CI, 961.2-965.9];
2019: 715.6 [95% CI, 714.0-717.2]) than in women
(1999: 678.5 [95% CI, 676.9-680.0]; 2019: 496.6 [95%
Cl, 495.5-497.7]). In men, after the initial decline in
CVD AAMR from 1999 to 2009, there was a subse-
quent flattening from 2009 to 2019 (APC for men, 0.0
[95% CI, -0.3 to 0.3]). In women, after the initial de-
cline, the decrease in AAMR decelerated from 2011 to
2019 (APC, -0.3 [95% CI, -0.6 to 0]) (Supplemental
Figure 2A, Supplemental Table IV).

Race and Ethnicity

When stratified by race and ethnicity, the highest
AAMRSs in Texas were reported among non-Hispanic
Black or African American people (1999: 1,097 [95%
CL, 1,075.6-1,118.4]; 2019: 801.8 [95% CI, 788.2-
815.4]), followed by non-Hispanic White people (1999:
791.1 [95% CI, 784.8-797.4]; 2019: 643.3 [95% CI,
638.5-648.1]) and Hispanic or Latino populations

The Texas Heart Institute Journal * 2024, Vol. 51, No. 2

(1999: 702.0 [95% CI, 688.8-715.3]; 2019: 517.6 [95%
CI, 510.8-524.5]), aligning with the national trend.
Trends in CVD-related mortality stratified by race and
ethnicity in Texas and the United States are shown in
Figure 4 and Supplemental Table V. Compared with
the non-Hispanic White population in Texas and the
United States, AAMRSs were higher in the non-Hispan-
ic Black population (rate ratio, 1.32 in Texas, 1.32 in
the United States) and lower in the Hispanic popula-
tion (rate ratio, 0.84 in Texas, 0.78 in the United States)
(Supplemental Table VI). For all 3 groups, mortality
was higher in Texas than in the United States.

Age

In Texas, CVD-related mortality escalated with increas-
ing age. The highest mortality rates were reported in
people 85 years of age and older (1999: 11,196.2 [95%
CI, 11,060.5-11,331.8]; 2019: 8,310.7 [95% CI, 8,222.3-
8,399.2]). After an initial decline in CMRs for most age
groups, a significant rise in mortality rates was seen in
the 25 to 39 year (APC, 1.6 [95% CI, 0.8-2.5]) and
55 to 69 year (APC, 1.2 [95% CI, 1.1-1.4]) age groups
from 2010 to 2019 and 2011 to 2019, respectively. Simi-
lar patterns of mortality were seen nationwide (Fig. 5,
Supplemental Figure 2B, Supplemental Table VII).
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1.5% (95% Cl, -2.3 t0 -0.7), 2012-2019 APC 0.2 (95% Cl, -0.2 to 0.5).
-e-Texas Hispanic or Latino: 1999-2009 APC -2.6* (95% Cl, -3.2 to -2.1), 2009-2019 APC -0.6* (95% Cl, -1.1t0 -0.2).

--United States Hispanic or Latino: 1999-2012 APC -2.6* (95% Cl, -2.8 to -2.4), 2012-2019 APC -0.4 (95% Cl, -0.8 to 0).
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Fig. 4 Cardiovascular disease-related mortality rates stratified by race and ethnicity in Texas and the United States,

1999 to 2019.

NH, non-Hispanic.

*Indicates that the annual percentage change (APC) is statistically significantly different from zero at a=.05.

Geographic Trends in Mortality
Metropolitan and Nonmetropolitan

Cardiovascular disease—related AAMRs were persis-
tently higher in nonmetropolitan areas (1999: 839.8
[95% CI, 827.6-852.0]; 2019: 732.3 [95% CI, 721.9-
742.7]) of Texas as compared with metropolitan areas
(1999: 794.4 [95% CI, 788.2-800.6]; 2019: 596.5 [95%
CI, 592.6-600.4]). Greater overall mortality rates were
noted in adults in Texas than in the United States, both
in nonmetropolitan counties and in metropolitan coun-
ties (750.9 [95% CI, 748.5-753.3] vs 727.0 [95% CI,
726.4-727.6] and 659.4 [95% CI, 658.3-660.4] vs 638.9
(95% CI, 638.7-639.2], respectively). Despite an initial
decline, a rise was observed in the AAMRSs associated
with nonmetropolitan areas from 2010 to 2019 in Texas
(APC, 0.5 [95% CI, 0.2-0.9]) and from 2011 to 2019 in
the United States (APC, 0.3 [95% CI, 0-0.7]). In con-
trast, after initial decline, AAMRSs remained stable in
metropolitan areas from 2009 to 2019 in Texas (APC,
-0.3 [95% ClI, -0.7 to 0.1]) and from 2011 to 2019 in

The Texas Heart Institute Journal * 2024, Vol. 51, No. 2

the United States (APC, -0.2 [95% CI, -0.5 to 0.1])
(Fig. 6, Supplemental Table VIII).

States

A wide variation in AAMR was identified across states,
with the rates ranging from 530.4 (95% CI, 528.9-
531.9) in Arizona to 902.2 (95% CI, 899.3-905.2) in
Mississippi. States included in the upper 90th percentile
were Mississippi, Oklahoma, West Virginia, Alabama,
Kentucky, and Arkansas. In contrast, Texas was po-
sitioned at the 68th percentile (17th highest), with an
AAMR of 674.1 (95% CI, 673.2-675.1). Alternatively,
states that fell in the lower 10th percentile were Arizona,
Minnesota, Utah, Hawaii, Colorado, and Alaska (Fig. 7
and Fig. 8, Supplemental Table IX).

Counties

When stratified by counties in Texas, the AAMR varied
from 359.9 (95% ClI, 327.7-392.1) in Presidio County
t0 979.1 (95% CI, 958.3-999.9) in Liberty County. No-
tably, the 5 counties with the lowest AAMRs are Presi-
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(95% Cl, -1.4 to 1.4), 2011-2019 APC 1.2* (95% Cl, 1.1 to 1.4).
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Fig. 5 A) Cardiovascular disease—related mortality rates, stratified by age group, in Texas and the United States,
1999 to 2019. B) Cardiovascular disease—related mortality rates, stratified by age group, in Texas and the United States,
1999 to 2019.

*Indicates that the annual percentage change (APC) is statistically significantly different from zero at a=.05.
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Fig. 6 Cardiovascular disease—related mortality rates, stratified by urban-rural classification, in Texas and the United States,
1999 to 2019.

*Indicates that the annual percentage change (APC) is statistically significantly different from zero at a=.05.
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Fig. 7 State-level cardiovascular disease-related age-adjusted mortality rates per 100,000 people in the United States, 1999
to 2019.
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Fig. 8 Cardiovascular disease-related age—adjusted mortality rates, stratified by state, in the United States, 1999 to 2019.
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Fig. 9 Cardiovascular disease-related age-adjusted mortality rates, stratified by county, in Texas, 1999 to 2019.

*King County (unreliable rates) and Loving County (suppressed rates)—the black boxes—are not shown.
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dio, Borden, Glasscock, Jeff Davis, and Hudspeth. The
5 counties with the highest AAMRs are Orange, Red
River, Newton, Winkler, and Liberty County (Fig. 9,
Supplemental Table X).

Mortality Trends by CVD Type

In Texas, by evaluated disease categories, CVD deaths
rates per 100,000 were highest for ischemic heart disease
(1999: 402.7 [95% CI, 398.8-406.6]; 2019: 220.5 [95%
ClI, 218.3-222.7]), followed by heart failure or cardio-
myopathy (1999: 203.5 [95% CI, 200.7-206.3]; 2019:
170.2 [95% CI, 168.3-172.2]) and cerebrovascular dis-
ease (1999: 177.1 [95% CI, 174.5-179.7]; 2019: 105.5
[95% CI, 104.0-107.0]). After an initial decrease, there
was an upsurge in mortality rates associated with heart
failure or cardiomyopathy from 2011 to 2019 (APC,
1.0 [95% CI, 0.6-1.4]). In both ischemic heart disease
and cerebrovascular disease—related deaths, a decline
in AAMRs was followed by a period of stabilization
in 2016 to 2019 and 2011 to 2019, respectively. For all
CVD subtypes, mortality rates were higher in Texas
than in the overall US population (Supplemental Figs.
2C, 3A, 3B, and 3C, Supplemental Table XI).

AAMRs in Border and Nonborder Counties in
Texas

Between 1999 and 2019, CVD-related AAMRSs were
600.5 (95% Cl, 597.6-603.3) in border counties and
682.3 (95% CI, 681.3-683.3) in nonborder counties in

Texas.
AAMRs in 2020

Cardiovascular disease—related AAMR increased from
615.2 (95% CI, 611.5-618.8) in 2019 to 727.6 (95% CI,
723.7-731.6) in 2020 in Texas and from 595.6 (95% CI,
594.6-596.5) in 2019 to 691.0 (95% CI, 690.0-692.0)
in 2020 in the United States. In 2020, a rise in CVD-
related mortality was noted for all subgroups in Texas
and the United States (Supplemental Table XII).

Discussion

This 20-year study of nationwide mortality data yielded
multiple key findings. First, after an initial period of
decline from 1999 to 2011, CVD-related mortality
plateaued until 2019 in the United States. The CVD-
related mortality stabilized in Texas from 2009 to 2019
after the initial decline. Texas had higher AAMRs than
the United States, irrespective of demographic group.

The Texas Heart Institute Journal * 2024, Vol. 51, No. 2
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Second, higher AAMRs were noted in men nation-
wide, including in Texas. Third, non-Hispanic Black
or African American people had the highest AAMRs
compared with other ethnicities. In addition, nonmet-
ropolitan counties had higher AAMRs than did met-

ropolitan counties.

Despite an initial promising decline since 1999, the
AAMRSs started leveling out in 2009 in Texas and in
2011 in the United States. These results are congruent
with the findings of Sydney et al,” who first reported
a deviation in the favorable downturn observed since
the mid-1960s. This may be attributed in part to the
surge in prevalence of CVD risk factors—namely,
obesity and diabetes. Concern about the detrimental
impact of obesity and diabetes on mortality rates has
long been expressed, particularly in light of the national
epidemiological data, which indicate a significant rise in
adult obesity prevalence and a nearly 3-fold increase in
diabetes prevalence around the same time.**

The data demonstrate strikingly higher mortality in
Texas across all population groups. Historically, Texas
has been ranked among the 20 unhealthiest states
since 1990, according to America’s Health Rankings.”
In 2017, Roth et al® found that 19 counties in Texas
were among the regions with the highest rates of age-
standardized CVD mortality rates, placing them in the
top 10% nationwide. Within the United States, marked
disparities exist in the mortality associated with CVD
and its major risk factors.” A county-level CVD risk
factor analysis using data from the Behavioral Risk
Factor Surveillance Survey showed wide variation in
levels of obesity, tobacco smoking, hypertension, and
physical inactivity in nearly all states.” Therefore, the
relative difference in risk factor prevalence, social and
environmental differences, and the care received across
the country is a plausible explanation for these findings.

Throughout the study period, AAMRs were statistically
significantly higher in men in Texas and the rest of the
country. This finding correlates with previous research
conducted on sex differences and hypertension preva-
lence in the United States. In most age groups, a higher
prevalence of hypertension has been detected in men.”
Sex-based variations in telomerase activity and the in-
fluence of genes, particularly those regulating insulin
resistance and fat distribution, could diminish men’s
tissue repair capacity and amplify their susceptibility
to vascular disease.”” This finding, along with higher
rates of cigarette smoking, alcohol consumption, and
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suboptimal dietary habits among men compared with
women within the United States, may contribute to the
noted sex differences in mortality rates in this study.*

In concordance with numerous national studies, these
findings also indicate significant disparities between
races. In the United States, including Texas, non-His-
panic Black patients had the highest mortality, which
persisted throughout the study. Worse cardiovascular
health markers in these people combined with an ear-
lier age of disease onset and disparities in health care
may provide an explanation for this difference. Further-
more, Black people have been found to have the lowest
comprehensive cardiovascular health index scores.”*
Moreover, in contrast to other racial groups, there was a
slightly wider gap in the mortality rates among Hispanic
people in Texas compared with the entire United States.
Despite having a lower than average median household
income and a higher prevalence of obesity and diabetes
than non-Hispanic White people, Hispanic people had
the lowest rates of CVD-associated mortality.*** The
underlying cause remains unclear and mandates further
research for clarification.

In contrast to other age groups in which the mortal-
ity rates have recently stabilized or even declined, there
was an increase in crude mortality rates in adults aged
25 to 69 years in the latter part of the study nation-
ally and in Texas (statistically significant in most age
categories between 25 and 69 years). This concerning
phenomenon was first observed in a cross-nation study
of CVD mortality trends in Australia and the United
States, where an increase was observed between 35 and
74 years of age. The United States was in the tier of
nations with the highest prevalence of premature mor-
tality.”” The concurrent, adverse trends in obesity and
diabetes among young adults, along with increases in
sedentary behavior, suggest that these trends play a key
role in increasing premature mortality.”**

In addition, there were substantial geographic variations
in mortality rates on a national and state level in this
study. Nonmetropolitan areas bear the highest burden
of CVD-related deaths. In the United States, disparities
in CVD mortality by geographic location, education
level, and socioeconomic status have been pervasive,
pattern that can be explained by the lack of uniformity
in access to health care, the higher incidence of comor-
bidities, and a sedentary lifestyle. Similar to Texas,
the states ranked in the upper 90th percentile are also
located in the South. Notably, southern states demon-
strate the highest prevalence of smoking, obesity, and

a
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physical inactivity, with increases in obesity rates more
pronounced in this region.”*

These findings underscore the need to address the high-
er mortality rates in Texas and indicate a need for more
state-specific targeted interventions. Moreover, given the
multitude of disparities in CVD mortality by age, sex,
race, and geographic location, it is important to consider
how prospective demographic changes could affect the
composition of future CVD cases. These findings have
critical policy-making implications because they high-
light the need to develop tailored strategies and mindful
allocation of resources to ensure equitable and effective
prevention and management of CVD.

To reduce this national health burden, it is imperative to
further evaluate the regional variation in risk factors that
contribute to varying trends in CVD-related deaths.
Future studies should aim to identify the interactions
between these factors and their impact on CVD out
comes in Texas. It is reccommended to develop multi-
disciplinary state-specific interventions tailored to the
unique population of Texas.

Study Limitations

There are several limitations to be addressed. First, the
reliance on International Classification of Diseases codes
and death certificates increases the risk of misrepresen-
tation of CVD as a cause of death. Second, the database
does not furnish information on disease characteristics
that could aid in better characterization of the diagnosis,
such as laboratory findings or echocardiographic data.
Third, data on medical treatments received are unavail-
able. Fourth, there was no information about socioeco-
nomic determinants of health, which may influence
access to care.

Conclusion

These results show that after the initial decline, CVD-
related mortality has plateaued in the United States,
including Texas. The AAMRs were higher in Texas
than in the overall United States. Disparities also exist
based on age, sex, race, and rural-urban designation.
Further investigation of these disparities and targeted
efforts are needed to equitably counter these varying
levels of mortality.
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