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Heart failure (HF) remains a significant cause of morbidity and mortality in women.
Population-level analyses shed light on existing disparities and promote targeted interven-
tions. We evaluated HF-related mortality data in women in the United States to identify
disparities based on race/ethnicity, urbanization level, and geographic region. We
conducted a retrospective cohort analysis utilizing the Centers for Disease Control and
Prevention Wide-ranging Online Data for Epidemiologic Research database to identify
HF-related mortality in the death files from 1999 to 2020. Age-adjusted HF mortality rates
were standardized to the 2000 US population. We fit log-linear regression models to ana-
lyze mortality trends. Age-adjusted HF mortality rates in women have decreased signifi-
cantly over time, from 97.95 in 1999 to 89.19 in 2020. Mortality mainly downtrended from
1999 to 2012, followed by a significant increase from 2012 to 2020. Our findings revealed
disparities in mortality rates based on race and ethnicity, with the most affected popula-
tion being non-Hispanic Black (age-adjusted mortality rates [AAMR] 90.36), followed by
non-Hispanic White (AAMR 83.25), American Indian/Alaska Native (AAMR 64.27), and
Asian/Pacific Islander populations (AAMR 37.46). We also observed that nonmetropolitan
(AAMR 103.36) and Midwestern (AAMR 90.45) regions had higher age-adjusted mortal-
ity rates compared with metropolitan (AAMR 78.43) regions and other US census regions.
In conclusion, significant differences in HF mortality rates were observed based on race/
ethnicity, urbanization level, and geographic region. Disparities in HF outcomes persist
and efforts to reduce HF-related mortality rates should focus on targeted interventions
that address social determinants of health, including access to care and socioeconomic
status. © 2023 Elsevier Inc. All rights reserved. (Am J Cardiol 2023;209:42−51)
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Heart failure (HF) is a complex and multifactorial
disease that continues to pose significant therapeutic
challenges for healthcare providers, despite remarkable
advancements in cardiovascular disease treatment. It is a
major cause of morbidity and mortality, and its burden is
particularly high in women, with gender differences in
incidence, prevalence, response to therapy, and clinical
outcomes across the spectrum of HF subtypes and
etiologies.1,2 Some of these differences can be attributed to
gender hormone fluctuations and differences, endothelial
response to injury, left ventricular remodeling and hypertro-
phy, vascular aging, and risk factors such as aging, hyper-
tension, obesity, and diabetes mellitus. Unfortunately,
implicit bias, undertreatment, underrepresentation of
women in clinical trials, and social determinants of health
such as limited access to care and low socioeconomic status
likely also contribute to persistent disparities in HF out-
comes in women.1,3−5 Furthermore, women of older age
have a higher risk of developing HF compared with men of
the same age, and advancements in therapy have led to sig-
nificant survival gains that are more prominent in men and
younger patients.6,7 However, little is known about dispar-
ities and outcomes in female subpopulations. In this study,
we describe trends in HF-related mortality in women
in the United States from 1999 to 2020, identifying varia-
tion in HF-related mortality rates by sociodemographic
factors including race/ethnicity, urbanization level, and
geographic region.
Methods

We used the Centers for Disease Control and Prevention
(CDC) Wide-ranging Online Data for Epidemiologic
Research (WONDER) database to identify HF-related mor-
tality in women within the United States between 1999 and
2020.8 Specifically, we queried the database to identify
death certificates with International Classification of Dis-
eases, Tenth Revision codes I50.0 (congestive HF), 150.1
(left ventricular failure), 150.9 (HF, unspecified), I11.0
(hypertensive heart disease with congestive HF), I13.0
(hypertensive heart and renal disease with congestive HF),
and I13.2 (hypertensive heart and renal disease with both
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congestive HF and renal failure) within the multiple causes
of death files, similarly done by Pham et al.9 Utilizing death
certificate information offers a dependable measure of mor-
tality counts in the United States, as the CDC WONDER
database sources its data from the National Vital Statistics
System. This is particularly reliable because federal law
mandates the collection and publication of these statistics,
resulting in the registration of over 99% of deaths in the
United States in this database in 2018. Consequently, our
analyses excluded any deaths that were not registered.10

Our objective was to investigate HF-related mortality
rates in women, aiming to identify any disparities and pat-
terns. To gather the required data, death certificates were
examined for demographic information such as gender,
race/ethnicity, and location of residence. The funeral direc-
tor usually reported the race/ethnicity information through
an informant, typically the next of kin. However, if this
information was not available, it was determined based on
observation. Additionally, the residence area was divided
into 4 regions based on the US census regions, namely the
Northeast, Midwest, South, and West. Furthermore, the
metropolitan (urban) and nonmetropolitan (rural) classifica-
tions were determined according to the 2013 National Cen-
ter for Health Statistics Urban-Rural Classification Scheme.
This scheme classifies counties into metropolitan and non-
metropolitan areas based on population size. The metropoli-
tan areas include large central metropolitan, large fringe
metropolitan, medium metropolitan, and small metropolitan
counties, whereas nonmetropolitan areas include micropoli-
tan and noncore regions. Counties with a population of
more than 50,000 are considered urban, whereas rural
regions include counties with a population size lower than
that. Large central metropolitan counties are those with a
metropolitan statistical area (MSA) of 1 million or more
people containing the entire population of a large principal
city of the MSA or at least 250,000 people of any principal
city of the MSA. Large fringe metropolitan are counties in
MSAs that contain at least 1 million people that do not qual-
ify as a large central metropolitan county. Medium metro-
politan counties include MSAs of populations between
250,000 and 999,999, whereas small metropolitan counties
have populations under 250,000. Micropolitan counties
have at least one urban cluster of 10,000 to 49,999 people,
and noncore counties include <10,000 residents.

We estimated crude mortality rates (CMRs) and age-
adjusted mortality rates (AAMRs) per 100,000 population
to determine HF-related mortality rates. The age-adjust-
ment was standardized to the US population in the year
2000 using the direct method. We estimated 95% confi-
dence intervals (CIs) for both CMR and AAMR. To analyze
yearly mortality trends, we used Joinpoint Regression Pro-
gram (Version 4.7.0.0; National Cancer Institute, Bethesda,
Maryland) to identify significant changes in age-adjusted
mortality over time.11 The program fits log-linear regres-
sion models to identify joinpoints, or inflection points, in
the mortality trends.11−16 We calculated the annual percent-
age change using the Monte Carlo permutation test and
calculated weight averages of the annual percentage change
to estimate the average annual percentage change
(AAPC).12−15 We also used this method to identify up to 4
inflection points in the mortality trends from 1999 to 2020,
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as recommended by National Cancer Institute.11 We used
two-tailed t test statistics to estimate significance in the
AAPCs, with a p value of less than 0.05 considered statisti-
cally significant. Data visualization was completed using
Stata Statistical Software (StataCorp 2019; Release 16.1;
StataCorp LLC, College Station, Texas). Institutional board
review was not required for this study as the data were pub-
licly available and deidentified.
Results

Our analysis uncovered 3,774,809 deaths related to HF
in women in the United States between 1999 and 2020. The
CMR increased from 120.28 (95% CI 119.71 to 120.85) in
1999 to 130.85 (95% CI 130.85 to 131.40) in 2020 with a
cumulative CMR measuring 110.08 (95% CI 109.97 to
110.20). Supplementary Table 1 lists population sizes,
death counts, CMR, AAMR, and corresponding 95% CIs.
Figure 1 displays cumulative AAMR across US counties.
Over the same period, the AAMR decreased from 97.95 to
89.19 (AAPC �0.5, 95% CI �1.1 to 0.1, p = 0.121). The
cumulative AAMR from 1999 to 2020 was 82.79 (Figure 2).
Inflection points are included in Supplementary Table 2.

In Hispanic populations, there were a total of 157,964
deaths. The CMR in this group increased from 29.64 in
1999 to 43.12 in 2020. However, the AAMR decreased
from 70.1 in 1999 to 60.69 in 2020, resulting in an overall
AAMR of 54.78 (AAPC �0.8, 95% CI �1.4 to �0.2,
p = 0.009) (Figure 3). In non-Hispanic populations, there
were a total of 3,610,392 deaths. The CMR in this group
increased from 131.84 in 1999 to 150.15 in 2020. The
AAMR decreased from 98.88 in 1999 to 91.95 in 2020,
resulting in an overall AAMR of 84.55 (AAPC �0.4, 95%
CI �1.0 to 0.2, p = 0.207). In Black populations, there were
a total of 368,175 HF-related deaths between 1999 and
2020. The CMR increased from 80.68 in 1999 to 107.11 in
2020, whereas the AAMR decreased from 106.77 in 1999
to 105.66 in 2020 (AAPC �0.2, 95% CI �0.7 to 0.3,
p = 0.377). The cumulative AAMR in Black populations
was 90.36 (Figure 4). For White populations, the total death
rate from 1999 to 2020 was 3,333,408, with a CMR
increase from 132.52 in 1999 to 144.87 in 2020. The
AAMR decreased from 97.59 in 1999 to 89.53 in 2020,
with an overall AAMR of 83.25 (AAPC �0.7, 95% CI
�0.9 to �0.4, p <0.001). Asian/Pacific Islander populations
had a total death rate of 56,845. The CMR increased from
25.63 in 1999 to 42.16 in 2020, whereas the AAMR
decreased from 49.41 in 1999 to 39.53 in 2020, with an
overall AAMR of 37.46 (AAPC �1.0, 95% CI �1.5 to
�0.6, p <0.001). For American Indian/Alaska Native popu-
lations, there were a total of 16,381 deaths. The CMR
increased from 38.75 in 1999 to 53.28 in 2020. The AAMR
decreased from 84.81 in 1999 to 67.24 in 2020, with an
overall AAMR of 64.27 (AAPC �1.1, 95% CI �1.9 to
�0.3, p = 0.008).

Between 1999 and 2020, a total of 2,948,670 deaths
occurred in metropolitan regions. The CMR in metropolitan
regions increased from 109.71 in 1999 to 121.08 in 2020,
whereas the AAMR decreased from 93.23 in 1999 to 84.83
in 2020, resulting in an overall AAMR of 78.43 (AAPC
�0.7, 95% CI �1.0 to �0.4, p <0.001) (Figure 5). In
ealth and Social Security de ClinicalKey.es por Elsevier en diciembre 08, 
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Figure 1. Chloropleth Map of AAMR in US counties. Overall US county AAMR per 100,000 population in included US counties between 1999 and 2020.

Figure 2. HF-related AAMR in the United States. Yearly connected plot

of overall AAMR per 100,000 population between 1999 and 2020.

Figure 3. HF-related AAMR in the United States by ethnicity. Yearly con-

nected plot of overall AAMR per 100,000 population between 1999 and

2020, stratified by ethnicity,

Figure 4. HF-related AAMR in the United States by race. Yearly con-

nected plot of overall AAMR per 100,000 population between 1999 and

2020, stratified by race.
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nonmetropolitan regions, there were 826,139 deaths identi-
fied between 1999 and 2020, with a CMR increase from
176.35 in 1999 to 192.20 in 2020. The AAMR decreased
from 117.81 in 1999 to 112.07 in 2020, resulting in an over-
all AAMR of 103.36 (AAPC �0.4, 95% CI �0.8 to 0.0,
p = 0.051).

Between 1999 and 2020, there were 716,759 deaths
identified in the Northeast. The CMR in the Northeast
increased from 125.57 in 1999 to 129.14 in 2020, whereas
the AAMR decreased from 89.51 in 1999 to 75.71 in 2020,
resulting in an overall AAMR of 74.14 (AAPC �1.1, 95%
CI �1.4 to �0.8, p <0.001) (Figure 6). In the Midwest, a
total of 968,146 deaths were identified between 1999 and
2020. The CMR in the Midwest increased from 140.36 in
1999 to 158.26 in 2020, whereas the AAMR decreased
from 105.76 in 1999 to 101.82 in 2020, resulting in an over-
all AAMR of 90.45 (AAPC �0.5, 95% CI �0.8 to �0.1,
p = 0.009). Between 1999 and 2020, there were 1,368,713
deaths identified in the South. The CMR in the South
increased from 119.08 in 1999 to 129.64 in 2020, whereas
ealth and Social Security de ClinicalKey.es por Elsevier en diciembre 08, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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Figure 5. HF-related AAMR in the United States by urbanization. Yearly

connected plot of overall AAMR per 100,000 population between 1999

and 2020, stratified by urbanization.

Figure 6. HF-related AAMR in the United States by census regions.

Yearly connected plot of overall AAMR per 100,000 population between

1999 and 2020, stratified by US census regions.
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the AAMR decreased from 100.44 in 1999 to 92.92 in 2020,
resulting in an overall AAMR of 85.63 (AAPC �0.4, 95%
CI �0.9 to 0.0, p = 0.065). In the West, a total of 721,191
deaths were identified between 1999 and 2020. The CMR
in the West increased from 96.53 in 1999 to 110.01 in
2020, whereas the AAMR decreased from 92.40 in 1999 to
81.15 in 2020, resulting in an overall AAMR of 77.18
(AAPC �0.8, 95% CI �1.1 to �0.5, p <0.001).
Discussion

The present study aimed to investigate HF-related mor-
tality rates and disparities in women in the United States
from 1999 to 2020. Our findings revealed that the AAMR
decreased from 97.95 in 1999 to 89.19 in 2020, with a
cumulative AAMR of 82.79. We identified disparities in
mortality rates based on race and ethnicity, with non-His-
panic Black populations most affected by the highest
AAMR, followed by non-Hispanic White, American
Indian/Alaska Native, and Asian/Pacific Islander popula-
tions. Nonmetropolitan and Midwestern regions were dis-
proportionately impacted by the highest age-adjusted
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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mortality as opposed to metropolitan regions and the other
US census regions (Figure 7).

HF mortality rates have decreased overall in the past 2
decades because of advancements in pharmacologic and
nonpharmacologic management. The implementation of
guideline-directed medical therapy and the increased use of
implantable cardioverter-defibrillator and cardiac resynch-
ronization therapy have significantly improved overall sur-
vival and reduced the risk of sudden cardiac death.17

However, many of these interventions are less commonly
implemented in the care of women, including a less aggres-
sive treatment approach.7 The exact causes for the reduced
implementation of therapy remain uncertain; however, they
may be associated with clinical inertia, provider knowledge
gaps, and affordability issues.18 For instance, lower-income
populations tend to use guideline-directed medical therapy
less frequently and have a higher burden of co-morbidities.
Medication costs, such as those for sodium/glucose cotrans-
porter 2 inhibitors and sacubitril-valsartan, remain prohibi-
tive and could be unaffordable for patients without a
suitable prescription plan.18,19 Furthermore, even for those
with healthcare coverage, the additional financial barriers
posed by cost-sharing may affect affordability. These chal-
lenges may result in decreased adherence to pharmacologi-
cal therapy, increased morbidity, and an increase in
cardiovascular events and may ultimately worsen existing
disparities.20−22

For example, physician adherence to guideline-indicated
use of inhibitors of the renin-angiotensin system, when
treating women with HF is less stringent and leads to under-
treatment.1 Gender-specific susceptibilities and disparities
in evidence-generation and the appropriate implementation
of HF therapies are also likely to be contributing to differ-
ences in incidence, prevalence, and therapeutic response in
women with HF. For example, in studies that involve
patients with coronary artery disease, HF prevalence is
approximately double the rate in women as compared with
men.23,24 Moreover, in the SOLVD (Studies of Left Ven-
tricular Dysfunction) study, despite greater thromboem-
bolic risk being independently associated with ejection
fraction in women, women were less likely to be on antico-
agulation.25 Another example includes the use of implant-
able cardioverter-defibrillators, in which eligible women
are less likely than men to receive one.26−29 Additionally,
women are underrepresented in many of the landmark clini-
cal trials pertaining to evidence-based therapies for HF,
even when these medications have been shown to be benefi-
cial for women.30−39

Our study findings align with recent research that indi-
cates no significant change in HF-related mortality rates in
the early 2000s.40 However, we found an increase in HF-
related deaths since 2012, with similar trends observed in
our included subpopulations. This comes amidst an upsurge
in HF incidence and younger adults being hospitalized for
HF.41 Various factors could contribute to this increase in
HF mortality, including an increase in cardiac and meta-
bolic risk factors and expanded use of electronic health
records to diagnose HF.42 Since the implementation of the
Affordable Care Act in 2010, notable changes have been
observed in the care of HF patients. The Affordable Care
Act has not only expanded healthcare access but also
ealth and Social Security de ClinicalKey.es por Elsevier en diciembre 08, 
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Figure 7. Central illustration.
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introduced the controversial Hospital Readmissions Reduc-
tion Program.43 There is some evidence that the implemen-
tation of Hospital Readmissions Reduction Program may
have led to an unintended increase in HF mortality.44,45

Factors such as changes in HF coding and increased use
of observation units and emergency room care might also
contribute to these findings.46 Despite progress in targeted
health policy interventions and better management of
clinical risk during the first decade of the 2000s, our data
suggest contemporary challenges in implementing these
strategies.

The spike in HF mortality observed in 2020 compared
with recent years may be attributed to the COVID-19 pan-
demic, which has profoundly disrupted cardiovascular care
through various mechanisms, affecting both routine and
emergency services. For instance, an international survey
involving multiple countries revealed a decrease in cardiac
diagnostic testing during the pandemic.47 Moreover, lock-
down measures and a general hesitancy to seek medical
attention may have also contributed to the elevated mortal-
ity rates.48 This is evidenced by a decrease in acute coro-
nary syndrome hospitalizations, an increase in out-of-
hospital cardiac arrests, longer wait times for appropriate
management, and an increase in infarct size, rates of intra-
myocardial hemorrhage, and the extent of microvascular
obstruction.49−52

The prevalence of cardiovascular risk factors is different
in women of various races and ethnicities, with non-
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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Hispanic Black women having the highest rates of hyper-
tension, obesity, and diabetes mellitus.53 This disparity is
attributed to a combination of psychosocial factors.
Although Asian women have the lowest prevalence of car-
diovascular risk factors, South Asian women have a higher
incidence of risk factors such as obesity and diabetes melli-
tus, which puts them at increased risk for HF.54 Therefore,
further research stratifying Asian women into subgroups
may reveal different outcomes and warrant targeted inter-
ventions. Social determinants of cardiovascular disease also
play a significant role in racial disparities in cardiovascular
disease mortality outcomes. The CARDIA (Coronary
Artery Risk Development in Young Adults Study) cohort
revealed that Black populations had lower cardiovascular
health scores compared with White populations, with a
higher prevalence of tobacco use, less physical activity, and
a less healthy diet contributing to this disparity.55 Further-
more, a report by the American Heart Association discussed
the persistently low levels of physical activity in the Black
population compared with White and Asian populations.
Interestingly, women of all races had lower levels of physi-
cal activity compared with men.56

Our findings also indicate that there are notable regional
disparities in HF-related mortality, and a geographical per-
spective can provide insight into the impact of health policy
measures. The observed differences in mortality rates
across different regions could be influenced by a range of
factors, such as variation in provider availability, co-
ealth and Social Security de ClinicalKey.es por Elsevier en diciembre 08, 
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Table 1

Heart failure disparities and outcomes

Study Year of

Publication

Databases Utilized Research Objective

Trends in Heart Failure-Related Mortality Among Older Adults

in the United States From 1999-2019

2022 CDCWONDER Assessing trends and regional

differences in HF mortality

among older adults

Trends in heart failure-related cardiovascular mortality in rural

versus urban United States counties, 2011−2018: A cross-

sectional study

2021 CDCWONDER Quantify nationwide HF mortal-

ity trends by urbanization of

residence

Mortality From Heart Failure and Dementia in the United

States: CDC WONDER 1999−2016
2019 CDCWONDER Estimate burden of mortality

from HF and dementia

Epidemiology of geographic disparities in heart failure among

US older adults: a Medicare-based analysis

2022 CDCWONDER Geographic disparities in HF out-

comes between US states with

different life expectancies

(leading/lagging states)

The contemporary trends and geographic variation in premature

mortality due to heart failure from 1999 to 2018 in the United

States

2021 CDCWONDER Contemporary trends and

regional variations in prema-

ture mortality due to HF

Trends and Disparities in Palliative Care Encounters in Acute

Heart Failure Admissions; Insight From National Inpatient

Sample

2021 National Inpatient Sample Use of palliative care in acute HF

admissions

National Differences in Trends for Heart Failure Hospitaliza-

tions by Sex and Race/Ethnicity

2017 National Inpatient Sample Disparities in HF burden and hos-

pital utilization by sex and

race/ethnicity

Methamphetamine-Associated Heart Failure Hospitalizations

Across the United States: Geographic and Social Disparities

2021 National Inpatient Sample Characterization of methamphet-

amine induced HF

hospitalizations

20-year trends in cause-specific heart failure outcomes by sex,

socioeconomic status, and place of diagnosis: a population-

based study

2019 UK Clinical Practice Research

Datalink

Differences in cause specific out-

comes and trends among

groups with HF by various

demographics

Demographic and Regional Trends of Heart Failure-Related

Mortality in Young Adults in the US, 1999-2019

2022 CDCWONDER Trends in HF mortality in young

adults

Trends in Place of Death for Cardiovascular Mortality Related

to Heart Failure in the United States From 2003 to 2017

2020 CDCWONDER Trends in location of death for

HF related deaths

Trends in HF Hospitalizations Among Young Adults in the

United States From 2004 to 2018

2022 National Inpatient Sample Trends in HF hospitalizations

among young adults

Mortality Among Patients Hospitalized With Heart Failure and

Diabetes Mellitus: Results From the National Inpatient Sam-

ple 2000 to 2010

2016 National Inpatient Sample Trends in hospitalizations and in-

hospital mortality among

patients with HF and DM

Trends in Characteristics and Outcomes in Primary Heart Fail-

ure Hospitalizations Among Older Population in the United

States, 2004 to 2018

2022 National Inpatient Sample Trends in clinical outcomes and

economic burden of HF hospi-

talizations in older patients

Trends in hospitalizations for heart failure, acute myocardial

infarction, and stroke in the United States from 2004 to 2018

2022 National Inpatient Sample Trends in hospitalizations for HF,

acute myocardial infarction,

and stroke

Trends in 30- and 90-day Readmission Rates for Heart Failure 2021 National Readmission Database Temporal trends of HF readmis-

sion rates

Trends and Characteristics of Hospitalization for Heart Failure

in the United States from 2004 to 2018

2022 National Inpatient Sample Trends and characteristics of HF

related hospitalizations

Trends in Heart Failure Hospitalizations in the US from 2008 to

2018

2022 National Inpatient Sample Trends in HF related

hospitalizations

Characteristics, trends, outcomes, and costs of stimulant-related

acute heart failure hospitalizations in the United States

2021 National Inpatient Sample Trends of stimulant related HF

hospitalizations and associated

outcomes

Trends of Clinical Outcomes and Health Care Resource Use in

Heart Failure in the United States

2020 National Inpatient Sample Trends of comorbidities, inpa-

tient mortality, and healthcare

resource use in patients admit-

ted with acute HF

Trends in Hospital Admissions for Systolic and Diastolic Heart

Failure in the United States Between 2004 and 2017

2022 National Inpatient Sample Trends in outcomes and costs

regarding hospitalizations for

systolic and diastolic HF

(continued)
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Table 1 (Continued)

Study Year of

Publication

Databases Utilized Research Objective

National Trends in Incidence and Outcomes of Patients With

Heart Failure Requiring Respiratory Support

2019 National Inpatient Sample Exploring respiratory support

strategies among patients with

HF

Heterogeneity in national U.S. mortality trends within heart

disease subgroups, 2000-2015

2017 CDCWONDER Trends in mortality attributed to

major heart diseases (ischemic

heart disease, HF, and others)

Trends and Predictors of Palliative Care Consultation Among

Patients Admitted for LVAD: A Retrospective Analysis From

the Nationwide Inpatient Sample Database From 2006-2014

2022 National Inpatient Sample Assess the incidence, trends, and

predictors of palliative care

consultation in LVAD

recipients

Trends in Heart Failure Hospitalizations in the US from 2008 to

2018

2022 National Inpatient Sample Trends in hospitalization related

to heart failure with reduced

and preserved ejection

fractions

National Trends in Admission and In�Hospital Mortality of

Patients With Heart Failure in the United States (2001−2014)
2017 National Inpatient Sample Change in trends of HF hospital-

izations after publication of

management guidelines

National Trends in Heart Failure Hospital Stay Rates, 2001 to

2009

2013 National Inpatient Sample Trends in HF related hospitaliza-

tion length of stay and in-hos-

pital mortality

Recent heart failure studies evaluating disparities in prevalence, outcomes, and management using nationally representative data samples.

HF=heart failure.
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morbidity burden, and individual state policies. For exam-
ple, the higher mortality rates from HF in the Southern and
Midwest regions as compared with the West and Northeast
regions can be attributed to multiple risk factors. Higher
prevalence of smoking has been observed in the Midwest
and Southern states, which has been linked to coronary
artery disease and higher brain natriuretic peptide levels
and left ventricular mass, leading to increased left ventricu-
lar stress and thereby increasing the risk for HF.57 Addition-
ally, the Southern region exhibited the greatest physical
inactivity followed by the Midwest.58 Physical inactivity,
particularly when linked with obesity, is associated with
hemodynamic and myocardial changes that can lead to car-
diac dysfunction.59 Moreover, it can contribute to an
increased predisposition to other risk factors for HF such as
coronary artery disease, diabetes mellitus, hypertension,
dyslipidemia, and obstructive sleep apnea.59

Our study has significant implications. Although previ-
ous analyses have evaluated HF mortality trends and out-
come disparities using nationally representative data
(Table 1), to the best of our knowledge, this is the first retro-
spective cohort analysis that utilizes the CDC WONDER
database to evaluate HF mortality trends in only women,
cumulatively and in racial, ethnic, and regional subpopula-
tions.41,60−85 Our results shed light on the intricacies
of year-to-year variation of mortality trends in women,
and overall mortality rates in certain subpopulations, and
demonstrate population-level insight into the current under-
standing of HF mortality. Despite the overall decrease in
HF mortality rates, significant disparities still exist in
women based on race, ethnicity, and geography. To address
this issue, future cardiovascular research needs to be more
inclusive of diverse populations. It is important to note that
in major HF studies, women only represented
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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approximately a quarter of the enrolled subjects.1 Addition-
ally, there is a lack of prospective HF studies that only
involve women.1 Another concern is the predominance of
men in heart transplant recipients, and even in the women
who undergo heart transplant, mortality was higher com-
pared with men at the 1-year period.86 Conducting studies
with a more inclusive approach to all HF participants will
enable a better understanding of why HF remains a leading
cause of death in women and how the subgroup differences
found in this study can be minimized for equitable cardio-
vascular disease health outcomes.

This study is not without limitations. First, this is a retro-
spective cohort analysis that utilizes data from a publicly
available database. Our data query included information
received from death certificates across the United States,
which are subjected to misclassification. Secondly, given
the design of our study, although we can determine mortal-
ity trends and compare age-adjusted mortality in subpopula-
tions, we cannot determine causality. Thirdly, our study did
not take into account other possible covariates that may
have an impact on HF mortality, and the results may possi-
bly be influenced by confounders. However, despite these
limitations, the sample size and the robust capture of mor-
tality data across the United States strengthens the validity
of our study.

In conclusion, HF-related mortality rates in women in
the United States remain a significant public health chal-
lenge despite notable advances in cardiovascular disease
treatment. Our analysis showed that HF disproportionately
affects women of certain racial and ethnic populations, with
higher mortality rates in nonmetropolitan regions. The iden-
tification of such disparities highlights the need for targeted
interventions to address the underlying factors contributing
to persistent disparities in HF outcomes.
ealth and Social Security de ClinicalKey.es por Elsevier en diciembre 08, 
ación. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.
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