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A B S T R A C T

Background: Heart Failure (HF) and Diabetes Mellitus (DM) often coexist, and each condition independently 
increases the likelihood of developing the other. While there has been concern regarding the increasing burden of 
disease for both conditions individually over the last decade, a comprehensive examination of mortality trends 
and demographic and regional disparities needs to be thoroughly explored in the United States (US).
Methods: This study analyzed death certificates from the CDC WONDER database, focusing on mortality caused 
by the co-occurrence of HF and DM in adults aged 75 and older from 1999 to 2020. Age-adjusted mortality rates 
(AAMRs) and annual percent changes (APCs) were computed and categorized by year, gender, race, census 
region, state, and metropolitan status.
Results: A total of 663,016 deaths were reported in patients with coexisting HF and DM. Overall, AAMR increased 
from 154.1 to 186.1 per 100,000 population between 1999 and 2020, with a notable significant increase from 
2018 to 2020 (APC: 11.30). Older men had consistently higher AAMRs than older women (185 vs. 135.4). 
Furthermore, we found that AAMRs were highest among non-Hispanic (NH) American Indian or Alaskan natives 
and lowest in NH Asian or Pacific Islanders (214.4 vs. 104.1). Similarly, AAMRs were highest in the Midwestern 
region and among those dwelling in non-metropolitan areas.
Conclusions: Mortality from HF and DM has risen significantly in recent years, especially among older men, NH 
American Indian or Alaska Natives, and those in non-metropolitan areas. Urgent policies need to be developed to 
address these disparities and promote equitable healthcare access.
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1. Introduction

Heart diseases, including HF, remain the leading cause of death in 
the United States [1]. Heart failure (HF) affects approximately 6.7 
million people in the United States (US), with a prevalence rate ranging 
from 1.9 % to 2.6 % in the general population and up to 8.5 % in older 
adults [2]. Similarly, more than 38 million people have diabetes mellitus 
(DM) in the US, although a considerable amount remains undiagnosed 
[3]. Among patients with HF, the prevalence of DM varies from 10 % to 
47 %, including those with heart failure with reduced ejection fraction 
(HFrEF) and heart failure with preserved ejection fraction (HFpEF). 
Notably, the prevalence of DM is higher among hospitalized and older 
HF patients, exceeding 40 % [4]. Similarly, HF is four times more 
common among people with DM than in the general population, with 
prevalence rates ranging from 9 % to 22 %, and even higher percentages 
in older patients [5–7].

Previous studies have shown a significant increase in HF-related 
mortality among both young and older adults in the US between 2012 
and 2019, likely due to the rising prevalence of cardiometabolic risk 
factors, such as DM [8,9]. Another major contributing factor is the rapid 
growth of the elderly population, particularly those aged 65 years or 
older, who contribute significantly to these fatalities [10]. Like HF, 
studies have also revealed an increasing trend in DM-related mortality. 
Specifically, mortality rates due to DM among patients aged 75 years 
and older are increasing, particularly in rural counties of the US, with a 
higher prevalence of deaths occurring at home and in hospice care [11,
12].

Despite the high prevalence of coexisting HF and DM, no prior study 
has specifically examined the mortality rates of individuals with both 
conditions. Understanding the impact of coexisting HF and DM on 
mortality is essential for enhancing patient care and treatment strate
gies. Identifying demographic, racial, gender, and regional mortality 
trends can also aid targeted interventions for high-risk populations. 
Therefore, we aimed to assess the mortality trends due to coexisting HF 
and DM among elderly patients in the United States between 1999 and 
2020.

2. Materials and methodology

2.1. Patient eligibility and screening

Deaths occurring in the US related to both HF and DM were sourced 
from the Centers for Disease Control and Prevention Wide-Ranging 
Online Data for Epidemiologic Research (CDC WONDER) database. 
The Multiple Cause-of-Death Public Use record death certificates were 
studied to identify records in which both DM and HF were mentioned as 
either contributing or underlying cause of death on nationwide death 
certificates [13]. DM patients were identified with International Clas
sification of Diseases 10th Revision Clinical Modification (ICD-10-CM) 
codes E10-E14, and HF patients were identified with ICD-10-CM code 
I50. Previously published studies have used the same ICD-10 codes [12,
14,15]. Those aged 75 years or older at the time of death were 

considered as older adults. Previous studies have used a similar age 
cutoff to define older adults [9,16,17]. This study did not require 
approval from the Institutional Review Board because it was based on 
data from a de-identified database provided by the government for 
public use. The STROBE guidelines were followed in this observational 
study.

2.2. Data Abstraction

Data on deaths due to coexisting HF and DM, including population 
size and location, were gathered between January 1999 and December 
2020. Demographic information, including sex and race/ethnicity, as 
well as regional data, encompassing urban-rural classification and state, 
were collected from 1999 to 2020. Race/ethnicity categories included 
non-Hispanic (NH) White, NH Black or African American, Hispanic or 
Latino, NH American Indian or Alaskan Native, and NH Asian or Pacific 
Islander. These classifications align with those previously used in ana
lyses from the CDC WONDER database and are based on data reported 
on death certificates in compliance with the US Office of Budget and 
Management Guidelines [13]. The National Center for Health Statistics 
Urban-Rural Classification Scheme was used to classify the population 
into two categories based on the 2013 US census: Metropolitan (large 
metropolitan area [population, ≥1 million], medium/small metropol
itan area [population, 50,000–999,999]), and non-metropolitan (pop
ulation, <50,000). U.S. Census Bureau definitions divided the regions 
into Northeast, Midwest, South, and West categories.

2.3. Data synthesis

The age-adjusted mortality rates (AAMR) per 100,000 people for HF 
and DM were calculated by normalizing the HF and DM-related deaths 
to the US population in 2000 [18]. The AAMRs were calculated by 
considering factors such as year, sex, race/ethnicity, state, census re
gion, and metropolitan status. This is because the CDC WONDER has 
population sizes for every demographic, regional factors and age group 
for a specific year [13]. The 95 % confidence interval for AAMRs was 
also derived from the database. The annual percent change (APC) of the 
Joint Point Regression Program (version 5.0; National Cancer Institute) 
was utilized to determine trends in AAMR [19]. This method corre
sponds to log-linear regression models in which temporal variation oc
curs and can be used to find significant changes in AAMR over time. 
Using the Monte Carlo permutation test, APCs with 95 % CIs for AAMR 
were found at the identified line segments connecting the join points. 
Considering the 2-tailed t-test results, APCs were either increasing or 
decreasing if the slope representing the change in mortality deviated 
significantly from 0. The significance level was set at p < 0.05.

3. Results

Between 1999 and 2020, 663,016 deaths among the older popula
tion, where both HF and DM were either underlying or contributing 
causes, were recorded (Supplemental Table 1). Data on the place of 
death was found for 637,252 cases, with the highest in Medical Facilities 
(35 %), followed by nursing home/long-term care (31.9 %), decedents’ 
homes (25.8 %), and hospices (3.4 %) (Supplemental Table 2).

3.1. Demographic trends in mortality

Older adults with both HF and DM had an overall AAMR of 154.1 
(95 % CI: 152.1 to 156) in 1999, which increased to 186.1 (95 % CI: 
184.3 to 187.8) in 2020. The overall AAMR increased from 1999 to 2005 
(APC: 0.80; 95 % CI: 0.17 to 2.94), followed by a significant decrease 
from 2005 to 2011 (APC: 2.82; 95 % CI: 5.48 to − 1.72). It increased 
from 2011 to 2018 (APC: 0.61; 95 % CI: 0.59 to 2.18) and then steeply 
increased from 2018 to 2020 (APC: 11.30; 95 % CI: 6.98 to 14.11) 
(Fig. 1, Supplemental Tables 4 and 5). In contrast to the older adults, the 

Abbreviations:

Heart Failure (HF)
Diabetes Mellitus (DM)
Non-Hispanic (NH)
Age-adjusted mortality rate (AAMR)
Annual percent change (APC)
United States (US)
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Heart failure with reduced ejection fraction (HFrEF)
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AAMR in young and middle-aged adults changed from 8.4 (95 % CI: 8.3 
to 8.6) in 1999 to 11 (95 % CI: 10.8 to 11.1) in 2020 (Supplemental 
Table 3).

3.2. Gender stratification

Over the course of the study period, older men’s AAMRs were 
consistently higher than those of older women (Men: 185; 95 % CI: 
184.3 to 185.6 vs. Women: 135.4; 95 % CI: 135 to 135.8). In 1999, the 
AAMR for older men was 173.8 (95 % CI: 170.3 to 177.2). It grew 
dramatically to 191 (95 % CI: 187.6 to 194.4) in 2004 (APC: 1.83; 95 % 
CI: 0.37 to 5.66) and then decreased significantly to 170.6 (95 % CI: 
167.7 to 173.6) in 2012 (APC: 1.74; 95 % CI: 4.70 to − 0.98). The AAMR 
increased slightly to 189.1 (95 % CI: 186.3 to 191.9) in 2018 (APC: 1.58; 
95 % CI: 0.34 to 3.71), followed by a sharp increase to 235.5 (95 % CI: 
232.5 to 238.6) in 2020 (APC: 11.30; 95 % CI: 6.65 to 14.32). Similarly, 
the AAMR for older women was 142.9 (95 % CI: 140.7 to 145.2) in 1999. 
It remained stable until 2005 (APC: 0.44; 95 % CI: 0.52 to 2.29), then 
decreased significantly to 127.7 (95 % CI: 125.6 to 129.7) in 2010 (APC: 
3.73; 95 % CI: 6.06 to − 2.38). There was a period of stability until 2018 
(APC: 0.53; 95 % CI: 1.43 to 0.90), followed by a large increase from 
2018 to 2020 (APC: 11.34; 95 % CI: 6.98 to 14.12) (Fig. 1, Supplemental 
Tables 4 and 5).

3.3. Racial stratification

When stratified by race or ethnicity, AAMRs were highest among NH 
American Indian or Alaska Native patients (214.4; 95 % CI: 207.5 to 
221.4), followed by NH African American (179.9; 95 % CI: 178.5 to 
181.4), Hispanic (159.5; 95 % CI: 158 to 161.1), NH White (152.9; 95 % 
CI: 152.5 to 153.3), and NH Asian or Pacific Islander populations (104.1; 
95 % CI: 102.4 to 105.8). The AAMR values of NH American or Alaska 
Natives remained stable throughout the study period (APC: 0.15; 95 % 
CI: 0.79 to 0.63). From 1999 to 2018, there was a significant decrease in 
AAMRs for NH African Americans (APC: 0.74; 95 % CI: 1.40 to − 0.24) 
and Hispanics (APC: 1.56; 95 % CI: 2.08 to − 1.08). However, from 2018 
to 2020, there was a very steep increase in AAMRs for both NH African 
Americans (APC: 16.13; 95 % CI: 5.57 to 21.44) and Hispanics (APC: 
15.95; 95 % CI: 7.26 to 20.82). From 1999 to 2005, the AAMR values of 
NH Whites were quite stable, followed by a significant decrease from 
2005 to 2012 (APC: 2.45; 95 % CI: 5.08 to − 1.64). From 2012 to 2018, 

the AAMR values in NH Whites were increasing (APC: 1.14; 95 % CI: 
0.57 to 2.92), followed by a steep increase from 2018 to 2020 (APC: 
10.53; 95 % CI: 6.14 to 13.36). From 1999 to 2016, there was a signif
icant decrease in AAMR values in NH Asian/Pacific Islanders (APC: 1.35; 
95 % CI: 2.76 to − 0.63), followed by a significant increase in AAMRs 
from 2016 to 2020 (APC: 4.63; 95 % CI: 0.77 to 12.54). (Fig. 2, Sup
plemental Tables 4 and 6).

3.4. State-wise distribution

AAMR values ranged from 76.2 (95 % CI: 73 to 79.4) in Nevada to 
255.5 (95 % CI: 250.4 to 260.6) in Mississippi, with noticeable differ
ences across states. States in the top 90th percentile, including North 
Dakota, Vermont, West Virginia, Oklahoma, Oregon, and Mississippi, 
had AAMRs approximately two to three times higher than those in the 
bottom 10th percentile, which included Massachusetts, Hawaii, District 
of Columbia, Arizona, Florida, and Nevada (Fig. 3, Supplemental 
Table 7).

3.5. Census region

Over the study period, the highest AAMR was observed in the Mid
western region at 177.4 (95 % CI: 176.6 to 178.3), followed by the 
Western region at 163.8 (95 % CI: 163 to 164.7), the Southern region at 
147.3 (95 % CI: 146.7 to 147.9), and the Northeastern region at 130.2 
(95 % CI: 129.4 to 130.9). In the Northeastern region, AAMRs remained 
stable from 1999 to 2005, followed by a significant decline from 2005 to 
2008 (APC: 5.04; 95 % CI: 6.40 to − 2.23). Stability continued from 2008 
to 2018, then a steep upward trend was observed from 2018 to 2020 
(APC: 13.42; 95 % CI: 8.37 to 16.46). In the Midwestern region, AAMRs 
were stable until 2005, followed by a significant decline until 2013 
(APC: 2.56; 95 % CI: 5.54 to − 1.44). Stability was observed until 2018, 
followed by a steep increase from 2018 to 2020 (APC: 12.25; 95 % CI: 
6.44 to 16.11). In the Southern region, AAMRs significantly increased 
from 1999 to 2001 (APC: 7.13; 95 % CI: 0.89 to 13.33), followed by a 
significant decline until 2014 (APC: 1.67; 95 % CI: 4.25 to − 1.23). Slight 
increases were observed from 2014 to 2018 (APC: 1.99; 95 % CI: 2.33 to 
4.12), followed by a steep increase from 2018 to 2020 (APC: 11.04; 95 % 
CI: 5.46 to 15.11). In the Western region, AAMRs significantly increased 
from 1999 to 2005 (APC: 1.81; 95 % CI: 0.50 to 4.88), followed by a 
significant decline until 2014 (APC: 1.62; 95 % CI: 3.99 to − 0.87), and 

Fig. 1. Overall and Sex-Stratified Heart Failure and Diabetes Mellitus-related Age-Adjusted Mortality Rates per 100,000 in Older Adults in the United States, 1999 to 
2020. * Indicates that the annual percentage change (APC) is significantly different from zero at α = 0.05. AAMR = age-adjusted mortality rate; APC = annual percent 
change; CI = confidence interval.
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then an upward trend from 2014 to 2020 (APC: 3.50; 95 % CI: 2.29 to 
5.47) (Fig. 4, Supplemental Tables 4 and 8).

3.6. Urbanization

Throughout the study period, non-metropolitan areas exhibited 
AAMRs attributable to both HF and DM that were consistently higher 
than those of metropolitan areas; the overall AAMRs were 202.5 (95 % 
CI: 201.5 to 203.5) and 143.7 (95 % CI: 143.3 to 144.1), respectively. 
There was an increase in the AAMR values between 1999 and 2005 (non- 
metropolitan APC: 1.28; 95 % CI: 0.80 to 4.36; metropolitan APC: 0.83; 
95 % CI: 0.09 to 3.08). From 2005 to 2010, there was a significant 

decrease in metropolitan areas’ AAMRs (APC: 3.11; 95 % CI: 5.66 to 
− 1.70) while in non-metropolitan areas, the AAMR values decreased 
from 2005 to 2013 (APC: 2.42; 95 % CI: 6.13 to 2.61). Between 2010 and 
2018, there was a slight increase in the AAMRs of metropolitan areas 
(APC: 0.26; 95 % CI: 0.72 to 1.89), and a similar trend was observed in 
non-metropolitan areas between 2013 and 2018 (APC: 2.11; 95 % CI: 
2.44 to 4.60). Finally, a significant upward trend was observed in AAMR 
values between 2018 and 2020 (non-metropolitan APC: 11.29; 95 % CI: 
5.03 to 15.24; metropolitan APC: 11.70; 95 % CI: 7.26 to 14.50) (Fig. 5, 
Supplemental Tables 4 and 9).

Fig. 2. Heart Failure and Diabetes Mellitus-related Age-Adjusted Mortality Rates per 100,000, Stratified by Race in Older Adults in the United States, 1999 to 2020 * 
Indicates that the APC is significantly different from zero at α = 0.05. Abbreviations as in Fig. 1.

Fig. 3. Heart failure and diabetes mellitus-related age-adjusted mortality rates per 100,000, stratified by State in older adults in the United States, 1999 to 2020.
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3.7. Trends in mortality rates by individual disease type

3.7.1. Overall trends in heart failure alone
The AAMR for HF among older adults was 1367.2 in 1999, which 

decreased to 1233.2 in 2020. The AAMRs initially decreased signifi
cantly from 1999 to 2012 (APC: 2.10; 95 % CI: 2.36 to − 1.86), followed 
by a significant increase till 2020 (APC: 1.58; 95 % CI: 1.12 to 2.16) 
(Fig. 6A, Supplemental Tables 4 and 10).

3.7.2. Overall trends in diabetes mellitus alone
The AAMR for DM among older adults was 693.1, which increased to 

820 in 2020. The AAMRs initially decreased significantly from 1999 to 
2018 (APC: 0.99; 95 % CI: 1.41 to − 0.64), followed by a steep rise from 
2018 to 2020 (APC: 13.88; 95 % CI: 5.93 to 17.46) 
(Fig. 6B–Supplemental Tables 4 and 10).

3.8. Gender trends in heart failure alone

The AAMR for HF was higher in older men compared to older women 
(1360.7 vs. 1080.4). Between 1999 and 2012, AAMR values decreased 

for both genders. From 2012 to 2020, there was a significant increase in 
AAMR among older men (APC: 1.79; 95 % CI: 1.34 to 2.35), while older 
women experienced a non-significant rise in AAMR during the same 
period (APC: 1.26; 95 % CI: 0.24 to 2.92) (Supplementary Fig. 1, Sup
plemental Tables 4 and 10).

3.9. Gender trends in diabetes mellitus alone

Like HF, the AAMR for DM was higher in older men compared to 
older women (812.1 vs. 584.8). After a decline from 1999 to 2018, the 
AAMR values increased sharply from 2018 to 2020 in both older men 
(APC: 14.75; 95 % CI: 7.34 to 18.34) and older women (APC: 14.23; 95 
% CI: 6.13 to 19.52) (Supplementary Fig. 2, Supplementary Tables 4 and 
10).

3.10. Racial trends in heart failure alone

Racial analysis of HF showed that NH whites had the highest AAMR 
at 1251.6, while NH Asian or Pacific Islanders had the lowest at 557.2. 
After a decline from 1999 to 2012, NH Whites experienced a significant 

Fig. 4. Heart Failure and Diabetes Mellitus-related Age-Adjusted Mortality Rates per 100,000, Stratified by Census Regions in Older Adults in the United States, 1999 
to 2020 * Indicates that the APC is significantly different from zero at α = 0.05. Abbreviations as in Fig. 1.

Fig. 5. Heart Failure and Diabetes Mellitus-related Age-Adjusted Mortality Rates per 100,000 in Older Adults in the Metropolitan and Non-metropolitan areas in the 
United States, 1999 to 2020 * Indicates that the APC is significantly different from zero at α = 0.05. Abbreviations as in Fig. 1.

H. Saeed et al.                                                                                                                                                                                                                                   International Journal of Cardiology Cardiovascular Risk and Prevention 23 (2024) 200326 

5 



increase in AAMR from 2012 to 2020 (APC: 1.89; 95 % CI: 1.44 to 2.42). 
Similarly, NH Asian or Pacific Islanders also saw a significant increase 
from 2014 to 2020 (APC: 1.99; 95 % CI: 1.05 to 3.35), following a 
decline from 1999 to 2014 (Supplementary Fig. 3, Supplementary Ta
bles 4 and 11).

3.11. Racial trends in diabetes mellitus alone

Racial analysis of DM revealed that NH Black or African Americans 
recorded the highest AAMR at 999.7, while NH Asian or Pacific Islanders 
had the lowest at 598. Following a decrease from 1999 to 2018, there 
was a sharp increase in AAMR values for both NH Black or African 
Americans (APC: 20.47; 95 % CI: 9.34 to 27.30) and NH Asian or Pacific 
Islanders (APC: 15.62; 95 % CI: 5.98 to 20.13) (Supplementary Fig. 4, 
Supplementary Tables 4 and 12).

3.12. Trends in the heart failure and diabetes mellitus-related mortality 
rates in 2021 and 2022

Based on the mortality data of 2018–2022 in the CDC WONDER, the 
AAMR for HF-related deaths among older adults increased from 1233.2 
in 2020 to 1312.4 in 2021, before decreasing to 1240.1 in 2022. Simi
larly, the AAMR for DM-related deaths rose from 820 in 2020 to 847.8 in 
2021, then dropped to 778.3 in 2022. For combined HF and DM-related 

deaths, the AAMR climbed from 186.1 in 2020 to 198.5 in 2021, and 
then fell back to 186.4 in 2022.

4. Discussion

The prevalence of HF and DM has increased over the past two de
cades. Our analysis of mortality rates among older adults (≥75 years) 
from 1999 to 2020 indicated a significant increase in mortality across 
various demographic groups, including sex, race/ethnicity, geograph
ical region, and urbanization status. Older men had consistently higher 
AAMRs than older women, and NH American Indians and Alaskan Na
tives had the highest AAMRs among all races. Significant differences 
were also observed between metropolitan and non-metropolitan areas, 
with non-metropolitan areas having six-fold higher mortality rates than 
metropolitan areas.

The two important risk factors for the increment and progression of 
HF are advancing age and DM [20]. DM not only increases the risk of HF 
onset but also worsens outcomes for those already affected by the con
dition. The concurrent presence of these two ailments is on the rise, 
particularly among the elderly, with a decrease in the percentage of 
five-year survival [20,21]. The initial trends are consistent with those of 
previous studies, which show a decrease in HF mortality from 2000 
onwards [22]. This decrease is attributed to the reduced overall mor
tality rates of cardiovascular diseases in the latter part of the 20th 

Fig. 6. (A) Heart Failure and (B) Diabetes Mellitus-related Age-Adjusted Mortality Rates per 100,000 in the United States among older adults, 1999–2020 * Indicates 
that the APC is significantly different from zero at α = 0.05. Abbreviations as in Fig. 1.
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century and early 2000s, driven by advancements in evidence-based 
medical and surgical treatments, as well as global prevention strate
gies for reducing cardiovascular risk factors [23].

However, the significant increase in trends from 2018 to 2020 is 
concerning, as indicated by our analysis. Our analysis also indicates that 
this increasing trend was more significantly influenced by DM as 
compared to HF. The reasons for this are multiple factors. First, with the 
ongoing expansion of the elderly population aged ≥75 years over time in 
economically advanced countries, there is a corresponding increase in 
the burden of chronic illnesses and morbidity (especially DM), higher 
rates of hospitalization, and documentation of deaths due to HF in this 
age group [24,25]. Second, our analysis shows that this sharp rise co
incides with the COVID-19 era. During this pandemic, due to increased 
patient burden and limited emergency capacity, resources in the medical 
field were reallocated, and COVID-19 patients were prioritized, leading 
to a decrease in hospital admissions for cardiovascular conditions and 
access to acute cardiovascular care for patients around the globe [26]. 
Third, it has been reported that patients with comorbid diseases such as 
HF and DM can develop an acute form of COVID-19 and are at increased 
risk of developing complications requiring rigorous, intensive care, 
advanced hemodynamic monitoring, skilled nursing, and rehabilitation 
services; all of which were overwhelmed during this period, resulting in 
increased mortality, with approximately one in four individuals dying 
during hospitalization [27,28]. Fourth, HF patients, aware of their 
increased vulnerability, might have been reluctant to visit hospitals out 
of fear of contracting COVID-19 [29,30]. Lastly, patients with chronic 
conditions such as DM have encountered substantial obstacles during 
the pandemic. The burden on healthcare systems and scarcity of medical 
resources have led to suboptimal health service provision. This, coupled 
with potential difficulties in accessing essential medications and sup
plies such as anti-hyperglycemic drugs, insulin, and glucose strips, re
sults in metabolic decompensation and inadequate control of 
comorbidities [27]. In addition, studies have shown that COVID-19 can 
also lead to HF and impact DM through several interconnected mecha
nisms. The virus causes direct myocardial injury, systemic inflamma
tion, microvascular damage, and increased cardiac workload, which can 
exacerbate pre-existing HF or lead to its development [31]. Additionally, 
COVID-19 impairs pancreatic beta-cell function and exacerbates insulin 
resistance, worsening glycemic control, especially with glucocorticoid 
use [32]. This complex interplay necessitates comprehensive manage
ment strategies for both HF and DM in COVID-19 patients.

It is noteworthy that different COVID-19 variants had varying mor
tality rates, with the Delta variant being the most severe, leading to 
worse outcomes and higher mortality. However, as the Omicron BA.5 
variant became dominant toward the end of the pandemic, disease- 
related outcomes significantly improved, and death rates became 
more comparable to those seen in severe flu cases [33,34]. This trend is 
particularly evident in the observed decrease in AAMR values for both 
HF and DM-related deaths following the peak of the pandemic.

As shown in Supplemental Table 4, there was a visible difference in 
AAMR between males and females. The general trends over the years 
were similar for both. Men suffer more from various risk factors for HF, 
as studies have shown that men have higher mortality for HF despite 
having lower hospitalization rates than females [35]. This could be 
hypothesized to be because men, in general, have shown a higher 
prevalence of various comorbidities, including hypertension, smoking, 
ventricular arrhythmias, atrial fibrillation, and chronic kidney disease, 
to name a few [35,36]. In general, women appear to have better survival 
rates, but the outcome is limited, as fewer women are included in trials 
conducted to study HF-related mortality trends. Our study also indicated 
a disparity in mortality rates among different races over the years, with 
American Indians having the highest AAMR followed by African 
Americans, while Asians have the lowest. Hispanics and whites had 
comparable mortality rates. This is consistent with other studies that 
reported HF mortality [9]. Social determinants of health, such as edu
cation, improved living standards, and access to standard healthcare 

without prejudice, can improve these health disparities. Racial 
inequality is one of the major reasons for this difference, as several 
studies have reported that hospitals serving major African American and 
American Indian populations receive lower funding than other hospitals 
and offer poor health quality [37,38]. Disparity in health can be due to 
poverty, unemployment, and low ratios of Health Insurance among 
these populations [39,40]. Despite increasing mortality, a recent review 
of various clinical trials showed racial bias, with only 4.0 % of trial 
participants being African Americans, contributing to an incompetent 
reflection of the HF population [41]. Lewsey SC et al. reported racial 
disparity that existed in preference for advanced HF therapies and in
terventions as White populations were more likely to be older and had 
fewer procedure-related benefits. However, they were preferred for 
younger African American patients [41]. Recent studies on advanced HF 
management have shown a greater risk of cardiac transplant failure in 
the African American population by 1.4-fold over the White population 
[42]. African Americans have also been found to have multiple etiol
ogies linked to HF, including hypertension, DM, and coronary artery 
disease [43]. These observations can justify the differences between 
AAMR trends in various races and the need for several steps to ensure 
equality in health standards.

Previous analyses also reported increased rates of HF mortality in 
non-metropolitan areas compared with metropolitan areas, which is in 
line with our findings [44]. This discrepancy is influenced by socio
economic factors and healthcare disparities [45]. Limited tertiary care 
setups in remote areas [46], along with the scarcity of primary care 
physicians and cardiac specialists in rural regions [47,48], could exac
erbate the challenges faced by patients in accessing post-acute care and 
cardiac rehabilitation services [49,50]. One of the main hindrances is 
the increased travel distance that rural residents must cover to access 
health care. Moreover, transportation challenges, limited communica
tion access, and the closure of an increasing number of hospitals 
contribute to lower healthcare utilization in non-metropolitan areas [44,
51]. It has also been reported that higher rates of individuals are unin
sured in rural areas, which further exacerbates disparities [51]. More
over, delays in the adoption of strategies to prevent and manage risk 
factors in rural areas could be another potential reason for the higher 
AAMRs observed in this group [52–54]. Moreover, it has been reported 
that over the past decade, the percentage of the elderly population in 
rural areas has been higher (as high as 18 % in some non-metropolitan 
counties) than in urban areas (12 %) due to the outward migration of 
young adults and inward migration of elderly retirees [45].

We also observed substantial disparities in the mortality rates asso
ciated with HF among elderly individuals across diverse geographic 
regions in the United States. The Midwest zone bears the greatest mor
tality load compared to the other zones, while the Northeast bears the 
least. The mortality rates in the West and South were comparable. These 
significant regional discrepancies may stem from many factors, 
including differences in ambulatory cardiology practices, varying levels 
of evidence-based medication, challenges in accessing quality health
care, the impact of state Medicaid regulations, and increasing comor
bidities [55]. These findings shed light on the complex interplay 
between regional factors that contribute to divergent health outcomes. 
Addressing these challenges and promoting equitable healthcare access 
are crucial steps towards mitigating these disparities and fostering 
healthier communities.

4.1. Future prospects

Our study highlights the combined effect of HF and DM on mortality 
trends, emphasizing the need for further research and comprehensive 
management strategies. Adopting contemporary guidelines and strin
gent post-discharge protocols, especially for older adults, is crucial [56,
57]. Implementing transitional care through regular home visits by 
trained nurses has shown effectiveness [58]. The COVID-19 pandemic 
has stressed the importance of crisis management, such as developing 
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robust telemedicine platforms and training healthcare professionals in 
underserved areas. Bridging racial and regional disparities is essential to 
ensure equitable healthcare delivery and to improve survival rates. In 
addition, high-quality trials and meta-analyses have demonstrated that 
the early use of SGLT2 inhibitors significantly benefits patients with 
coexisting HF and DM by improving clinical outcomes, reducing hos
pitalizations and mortality rates, and providing effective glycemic con
trol. These medications offer cardioprotective benefits and lower 
healthcare costs, highlighting the importance of proactive disease 
management. Incorporating SGLT2 inhibitors into standard treatment 
protocols and continued research will further optimize their use and 
enhance patient outcomes and quality of life [59,60].

5. Limitations

This study had several limitations. First, reliance on death certifi
cates and ICD codes may result in the unintentional reporting of both 
DM and HF as causes of death. Second, the increased reporting of HF 
diagnoses in electronic health records may not accurately reflect actual 
mortality trends. Third, the database lacks detailed information on HF 
parameters, such as vital signs, laboratory results, echocardiographic 
data, and genetic testing. Furthermore, a significant limitation is the lack 
of differentiation between types of heart failure, specifically HFpEF and 
HFrEF, as this information is typically not included in death certificates, 
and the CDC WONDER database does not report these separately under 
different ICD-10 codes. In addition, baseline characteristics such as 
atherosclerosis, atrial fibrillation, or a history of ischemic cardiomyop
athy, which could contribute to mortality in heart failure patients, could 
not be calculated using this database. This limitation applies to all 
similar studies using this database. Lastly, from our analysis, we were 
unable to calculate the exact effect size of COVID-19’s impact on mor
tality related to HF or DM alone or their coexistence.

6. Conclusion

The mortality rates among elderly individuals with coexisting HF 
and DM vary. There was a noticeable decline from 2005 to 2011 
following an initial spike between 1999 and 2005. However, there was a 
subsequent surge beginning in 2011 that significantly increased be
tween 2018 and 2020. Selecting an elderly cohort aged 75 and above as 
our subjects, we observed elevated rates predominantly among NH 
American Indians or Alaska Natives, males, individuals residing in the 
Midwest region of the United States, and those dwelling in non-urban 
areas. These findings underscore the pressing need for systemic re
forms in healthcare practices and protocols.
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