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Abstract
Background  Cardiovascular diseases are the leading cause of mortality in the United States, presenting significant 
public health challenges and financial burdens, particularly in Southeastern Virginia, where African American and 
Hispanic (AA&H) populations are disproportionately affected.

Methods  This retrospective observational study analyzed data from 30,855 hospital discharges of AA&H patients 
across Southeastern Virginia from 2016 to 2020, focusing on individuals aged 18 to 85 with cardiovascular diseases. 
Utilizing the Virginia Health Information database, we examined demographic information, clinical data, and 
healthcare utilization patterns through hypothesis tests and regression models to explore associations between these 
variables and the economic impacts of cardiovascular diseases.

Results  Heart failure and shock (47.2% of discharges) and cardiac arrhythmia and conduction disorders (12.3%) 
were the most prevalent cardiovascular conditions. Female patients incurred significantly higher charges than males 
across conditions (7.1% higher in heart failure, p < 0.0001; 8.8% higher in chest pain, p < 0.01). Younger patients (< 65 
years) faced 8.5% higher charges for cardiac arrhythmia with procedures (p < 0.0001) and 5.2% higher charges for 
circulatory disorders (p < 0.05). Year of discharge consistently predicted increasing costs (standardized coefficient 
0.816 for acute myocardial infarction, p < 0.0001). The presence of fluid and electrolyte disorders was associated with 
significantly higher charges across conditions (standardized coefficient 0.042 for heart failure, p < 0.0001; 0.051 for 
acute myocardial infarction, p < 0.0001).

Discussion  The findings highlight the complex interplay between demographic characteristics and healthcare 
costs among AA&H populations, underscoring the need for targeted interventions. The significant economic impact 
observed calls for culturally competent healthcare strategies that can mitigate high costs and improve health 
outcomes. However, the retrospective, administrative nature of the data limits establishing causality, with potential 
misclassification of some conditions.

Conclusion  This study provides crucial insights into cardiovascular disease management’s demographic and 
economic dimensions among AA&H populations in Southeastern Virginia. By identifying key factors contributing to 
healthcare disparities, the research supports the development of tailored interventions aimed at reducing the burden 
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Introduction
Cardiovascular diseases (CVDs) continue to be the lead-
ing cause of mortality both globally and in the United 
States, exerting significant impacts on public health and 
healthcare economics [1]. According to the American 
Heart Association’s 2023 report, CVDs were respon-
sible for nearly a million deaths in the United States in 
2020 alone, confirming their status as the nation’s pri-
mary health threat [1, 2]. The economic burden of these 
diseases is huge particularly in the United States, where 
healthcare systems face substantial increased costs, 
including direct medical expenses and indirect costs such 
as lost productivity.

In Virginia, the CVDs scenario is particularly grim, 
with the state ranked sixth in heart disease-related 
deaths, exhibiting a mortality rate of 167.2 per 100,000 
individuals [3, 4]. Southeastern Virginia, with its sub-
stantial African American and Hispanic (AA&H) popula-
tions, which accounts for ~ 40% of the population [5], is 
an acute focal point for these challenges [6, 7]. In South-
eastern Virginia, about one third of the population are 
AA [8] which is higher than the statewide AA popula-
tion of ~ 20% [9] Hispanic population are around 7% of 
Southeastern Virginia population compared to ~ 10% 
of statewide [10]. Despite the pressing need, detailed 
regional data has a significant void that could elucidate 
local healthcare delivery patterns and patient outcomes 
[11–13]. This gap is particularly evident in addressing 
disparities within minority populations, where studies 
have repeatedly shown higher readmission rates among 
African Americans and other minorities compared to 
their White counterparts—differences driven by socio-
economic, literacy, and comorbidity disparities [14–16].

The significance of understanding the social deter-
minants affecting CVD disparities, such as access to 
healthcare, environmental factors, and social support 
structures, has been increasingly recognized [17]. How-
ever, current research lacks comprehensive insights into 
heart disease management within minority groups in 
Southeastern Virginia, a metropolitan area with Norfolk, 
Virginia Beach, Chesapeake, Newport News, Hampton, 
Portsmouth, Suffolk, and Williamsburg cities and coun-
ties and more than two million populations.

This study seeks to fill this critical gap and uncover 
factors linked to heightened CVDs prevalence among 
AA&H communities as well as investigate how these fac-
tors influence the costs and outcomes of CVD treatments 
by leveraging the Virginia Health Information (VHI) 

database, a comprehensive dataset that includes socio-
demographic characteristics, clinical parameters, and 
healthcare utilization patterns.

Therefore, this study aims to estimate the prevalence 
and explore the demographic variability associated with 
CVD, assess the economic burden associated with CVD 
treatment, aiming to pinpoint how age, gender, and 
insurance type affect disease prevalence and treatment 
costs within predominantly minority communities. By 
examining these factors within the context of a primar-
ily African American and Hispanic population, we pro-
vide insights into both disparities between demographic 
groups within these communities and the broader impli-
cations for minority health.

Furthermore, it investigates the role of comorbidities 
and healthcare usage in shaping patient outcomes. It 
offers a detailed evaluation that could guide the develop-
ment of tailored healthcare strategies and policy mea-
sures designed to mitigate disparities and enhance CVD 
management across this diverse community.

Materials and methods
This study utilized the VHI Patient Level Database, which 
contains all submitted, processed, and verified inpatient 
hospital discharges in the Commonwealth of Virginia. 
VHI has collected, analyzed, and distributed these pub-
lic use files as valuable health care information tools since 
1993. This extensive database includes detailed informa-
tion on patient demographics, administrative records, 
clinical data, and financial details for each hospital dis-
charge. This retrospective observational study was con-
ducted using VHI data. It included AA&H patients aged 
18 to 85 with CVDs covered by Medicare, Medicaid, self-
pay, or other insurance types between 2016 and 2020. 
This study exclusively focused on AA&H populations in 
Southeastern Virginia, with no inclusion of other racial/
ethnic groups. This population focus was intentional, 
as addressing cardiovascular health disparities in these 
specific minority communities in Hampton Roads was 
the primary aim of our research. Records were extracted 
based on the location of the hospitals they were admitted 
to, all of which were situated in Southeastern Virginia, 
including Norfolk, Virginia Beach, Chesapeake, Newport 
News, Hampton, Portsmouth, Suffolk, and Williamsburg. 
This regional focus allowed us to examine patterns spe-
cific to this metropolitan area with its significant AA&H 
population. This study also utilized the VHI Readmis-
sions and Transfers Supplemental Data Set (RATs), which 
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is linked to the Patient Level Database. To identify read-
missions, we used VHI’s RATs dataset which defines 
readmissions as hospital stays that follow an earlier hos-
pitalization by at least one day but within 90 days. Trans-
fers, defined as hospital stays where the discharge date of 
the first admission is the same as the admission date of 
the second admission, were also analyzed.

The study population was defined by using Major Diag-
nostic Categories (MDCs) code 05 and Diagnosis-Related 
Groups (DRGs) Principal Diagnosis codes 280–316, 
which encompass patients with diseases and disorders 
of the circulatory system, as specified by the Centers for 
Medicare & Medicaid Services (CMS).

This study was determined to not involve human sub-
jects research by the Eastern Virginia Medical School 
Institutional Review Board (IRB # 23-05-NH-0118) and 
therefore was deemed exempt from IRB review, includ-
ing the use of VHI data. The need for informed consent 
was waived due to the retrospective nature of the study 
using de-identified data. Data was received by secure 
transfer and stored on password protected devices with 
access restricted to authorized research team members. 
In accordance with VHI data use requirements, all data 
were handled in a confidential manner and no attempts 
were made to identify, disclose, discuss, release, or pro-
vide access to information on specific individual patients. 
VHI has provided non-confidential patient level informa-
tion used in this study which it has compiled in accor-
dance with Virginia law but which it has no authority to 
independently verify. By using this data, the authors agree 
to assume all risks that may be associated with or arise 
from the use of inaccurate data. VHI cannot and does 
not represent that the use of VHI’s data was appropriate 
for this study or endorse or support any conclusions or 
inferences that may be drawn from the use of VHI’s data. 
Access to the VHI Patient Level Database and RATs was 
obtained through the M. Foscue Brock Institute for Com-
munity and Global Health at Macon & Joan Brock Vir-
ginia Health Sciences at Old Dominion University, which 
maintains a license for these data.

Data cleaning involved checking for inconsistent data. 
Upon thorough examination, we found that the VHI 
database provided complete data for all 30,855 hospital 
discharges included in our analysis. There were no miss-
ing values for any variables of interest, including total 
charge (USD) and all independent parameters (demo-
graphic, clinical, and administrative characteristics). 
This data completeness eliminated the need for impu-
tation methods or other techniques to address miss-
ing values. All statistical analyses were conducted with 
EVMS-Research and Infrastructure Service Enterprise 
(RISE) using SAS version 9.4 (SAS Institute, Cary, NC) 
and R.

Descriptive statistics were utilized to summarize vari-
ables: quantitative variables including age, length of stay, 
pre and pos operative length of stay, and total charge 
were summarized by mean & Standard deviation (SD), or 
median & Interquartile Range (IqR) based on normality 
of the data. Categorical variables including gender, race, 
insurance, diagnosis, admission and source types, comor-
bidity, primary procedure, and patient city were summa-
rized by frequencies and percentages [18].

Associations between categorical variables were 
assessed using the Chi-squared test or Fisher’s exact test, 
as appropriate [18, 19]. To address multiple compari-
sons and control the false positive rate, the Benjamini-
Hochberg method was applied [20]. Correlation between 
quantitative variables was evaluated using Pearson’s or 
Spearman’s correlation tests, as appropriate [21].

To avoid multicollinearity, we removed the variable 
with the largest variance inflation factor (VIF) > 10 until 
all VIF values were below 10. Various regression models 
were implemented for normally distributed total charge, 
with robust regression methods such as quantile regres-
sion or generalized linear models (e.g., Poisson, negative 
binomial) employed for non-normally distributed total 
charge, incorporating the interaction of all possible fac-
tors as predictors of hospitalization cost and then testing 
the interaction’s p-value [18, 19, 22].

To compare the mean hospitalization costs between 
the two samples, a T-test for independent samples was 
performed. If the data distribution was skewed, the hos-
pitalization cost data were transformed to achieve nor-
mality, or alternatively, the Wilcoxon rank-sum test was 
used.

For comparisons involving multiple groups, one-way 
ANOVA, Mood’s median test, or Kruskal-Wallis test 
was employed, depending on normality of the data [18, 
23]. Statistical significance was determined by a p-value 
of < 0.05, categorized as follows: a P value ≤ 0.0001 is 
denoted as ‘a,’ 0.0001 ≤ P value < 0.01 as ‘b,’ and 0.01 ≤ P 
value < 0.05 as ‘c’. This notation aids in quickly identify-
ing the strength of the statistical findings reported in the 
study results.

Result
The study analyzed 30,855 discharges related to Dis-
eases and Disorders of the Circulatory System (DDCS). 
Heart Failure and Shock (HFS) was the most prevalent, 
representing 47.2% of discharges. This was followed by 
Cardiac Arrythmia and Conduction Disorders (CACD) 
and Acute Myocardial Infarction (AMI) each accounting 
for 12.3% and 9.9%, respectively. Hypertension (HTN) 
and Chest Pain (CP) were also significant, noted in 6.4% 
and 6.2% of cases. In this study, the analysis focused on 
DDCS with frequencies greater than 5%, specifically HFS, 
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CACD, Circulatory Disorders Except for AMI with Car-
diac Catheterization (CDEAMI), AMI, HTN, and CP.

Less common conditions included Syncope and Col-
lapse at 4.7%, Peripheral Vascular Disorders at 4.4%, and 
Atherosclerosis at 1.8%. Rare disorders such as Unex-
plained Cardiac Arrest, Angina Pectoris, Cardiac Con-
genital and Valvular Disorders, Acute and Subacute 
Endocarditis, and Deep Vein Thrombophlebitis collec-
tively made up less than 1% of the hospital discharges 
each. Other Circulatory System Diagnoses accounted for 
6.0% of the discharges (Table 1).

Figure 1 illustrates the distribution of patient’s hospi-
tal discharges by DRGs for various CVDs. DRGs are cat-
egorized based on the severity and type of conditions as 
outlined by the CMS. For detailed DRG coding and clas-
sification, refer to the CMS ICD-10 Version 37 Full Code 
List, available at CMS (Fig. 1).

Demographic analysis revealed distinct patterns across 
cardiovascular conditions. Hypertension affected a 
higher proportion of females (54.7% of HTN patients) 
compared to males. Patients with acute myocardial 
infarction had the highest mean age (65.2 years) among 
all cardiovascular conditions studied. Within our study 
population, African Americans represented the over-
whelming majority across all cardiovascular disease 
categories, particularly in hypertension cases (98.9%), 
reflecting the demographic composition of our study 
cohort.

Most of the cases of HFS (92.4%) were admitted 
through Emergency. While the highest proportions 
(78.6%, and 75.6%) of hospital discharge to home or 

self-care is for patients admitted due to CP and HTN 
respectively.

In terms of co-morbidities, around 61% of HFS patients 
have three or more co-morbidities with more than half 
of HFS patients have renal failure. The hospital length 
of stay varies by CVD condition with the longest stays 
being noted in CDEAMI cases at an average of 5.4 days. 
Geographically, Norfolk had the highest proportion of 
patients across most conditions, notably HFS (23.4%) 
(Table 2).

Substantial gender differences were noted, with females 
showing significantly higher proportions in AMI and 
HTN − 5.7% (b) and 9.3% (a) respectively. Age dispari-
ties were marked, with younger patients (< 65) exhibiting 
significant differences in conditions such as HTN, where 
the disparity reached 50.3% (a). Mean age by gender dif-
ferences were significant across all conditions, with HTN 
showing the highest difference at 4.8% (a).

Medicare coverage differences were particularly stark 
in HFS at 27.8% (a). The analysis also highlighted that the 
presence of primary procedures (CPT) and complications 
contributed to significant variances across all conditions, 
consistently high above 90%. Admission type variations 
revealed significant differences, especially between emer-
gency and elective admissions, most notably in HFS at 
91.4% (a).

Significant differences based on the care admission 
sources observed, with non-healthcare facility admis-
sions incurring notably higher charges in conditions such 
as HTN at 57.6% (a). Gender-related differences in the 
average length of hospital stay were significant for HFS 
and AMI, with females generally experiencing on aver-
age longer hospital stays. No significant differences were 
observed in pre-operative lengths of stay, while post-
operative lengths of stay showed significant disparities in 
HFS, CACD, and HTN (Table 3).

Significant variations in total charges were observed 
across various demographic and clinical groups for 
patients with and without primary procedures. Nota-
bly, gender differences emerged as a significant factor in 
healthcare costs, with females incurring 7.1% (a) higher 
charges than males when a CPT was involved and 8.5% 
(a) higher without CPT in HFS. Similarly, age impacted 
charges, particularly in CACD, where younger patients 
(< 65) faced 8.5% (a) higher charges with CPT and a lesser 
but still notable increase of 2.6% without CPT.

In CDEAMI, where CPT is always involved due to the 
nature of the condition, younger patients experienced a 
5.2% (c) charge increase. Medicare’s influence was also 
profound, associated with higher charges in CACD, 
showing a 9.7% (a) increase with CPT and 4.6% without, 
and in CDEAMI with a 7.9% (a) increase with CPT. The 
impact of complications was significantly noted across all 
conditions, particularly in HTN, with a 38.6% (c) increase 

Table 1  Summary of hospital discharges with diseases & 
disorders of the circulatory system
Diseases & Disorders n (%)
Total Discharge 30,855
Heart Failure and Shock (HFS) 13,112 

(47.2%)
Cardiac Arrhythmia and Conduction Disorders (CACD) 3,427 

(12.3%)
Circulatory Disorders Except for AMI with Cardiac Cath-
eterization (CDEAMI)

3,057 (9.9%)

Acute Myocardial Infarction (AMI) 2,737 (9.9%)
Hypertension (HTN) 1,782 (6.4%)
Chest Pain (CP) 1,717 (6.2%)
Syncope and Collapse (SC) 1,307 (4.7%)
Peripheral Vascular Disorders (PVD) 1,208 (4.4%)
Atherosclerosis (Ath) 504 (1.8%)
Unexplained Cardiac Arrest (CAU) 114 (0.4%)
Angina Pectoris (AP) 112 (0.4%)
Cardiac Congenital and Valvular Disorders (CCVD) 61 (0.2%)
Acute and Subacute Endocarditis (ASE) 33 (0.1%)
Deep Vein Thrombophlebitis (DVT) 12 (0.04%)
Other Circulatory System Diagnoses (OCSD) 1,672 (6.0%)
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with CPT and an even more substantial 46.3% increase 
without CPT. In HFS, complications led to 35.4% (a) 
higher charges with CPT and 34.5% (c) higher without 
(Table 4).

Differences in admission type further influenced the 
total charges, particularly in CACD, where emergency 
admissions resulted in 28.9% (a) higher charges with CPT 
and 10.0% (c) higher without. The source of admission 

Fig. 1  Distribution of Hospital Discharges by Cardiovascular DRGs
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also marked significant differences, especially in CDE-
AMI, with an 11.3% (a) increase with CPT and in AMI, 
with 13.8% (a) with CPT and 23.6% without. HSD was 
consistently associated with significantly higher charges 
across all conditions, particularly noted in CACD, which 
show 34.7% (a) higher charges with and without CPT. 
Furthermore, the number of comorbidities played a cru-
cial role in total charges, with HFS showing a 14.4% (a) 
increase from 0 to 1 comorbidity with CPT and a 6.4% (c) 
increase from 1 to 2 comorbidities without CPT. Nota-
bly, a 9.9% (a) increase from 3 to 4 comorbidities with 
CPT and an 11.0% (b) increase from 2 to 3 comorbidities 

without CPT highlighted the escalating cost impact 
related to the rising number of comorbidities (Table 4).

Table 5 reveals that models incorporating CPT gener-
ally offer better predictive accuracy, with R² values rang-
ing from 0.80 to 0.87 compared to 0.64 to 0.74 for models 
without CPT. This underscores the value of includ-
ing procedural data in predicting healthcare costs. Age 
inversely affects charges in AMI, where older patients 
typically incur lower charges, evidenced by a decrease of 
-0.333% (a) with CPT and − 0.430% (c) without CPT. This 
suggests younger patients may undergo more intensive or 
costly treatments. Additionally, the year of discharge con-
sistently correlates with an increase in charges across all 

Table 2  Demographic, administrative, clinical, and comorbidity characteristics of patients with circulatory system disorders
HFS CACD CDEAMI AMI HTN CP

Female, % 49.9 50.4 49.5 47.2 54.7 52.8
Age, Mean ± SD 64.8 ± 13.7 64.0 ± 14.3 59.2 ± 12.7 65.2 ± 13.5 54.8 ± 14.8 61.1 ± 13.8
African American, % 98.7 97.8 98.7 98.0 98.9 98.4
Medicare, % 63.9 57.9 45.9 58.7 37.5 57.8
Medicaid, % 10.0 8.8 11.4 7.9 14.5 8.8
Self-Pay, % 5.8 6.1 8.9 7.5 16.6 8.2
Other Insurance, % 19.9 27.3 33.8 25.9 31.4 27.1
Emergency Admit, % 92.4 90.3 83.0 88.4 91.1 92.7
Urgent Admit, % 6.4 5.4 9.4 9.2 7.2 6.1
Elective Admit, % 1.1 3.91 7.6 2.2 1.7 1.1
Non-HCF Admit Source, % 71.5 68.2 58.8 72.2 78.8 80.3
COA Admit Source, % 24.1 26.4 31.8 18.6 18.9 16.4
HSC Discharge Status, % 45.6 63.8 62.9 47.5 75.6 78.6
OHC Discharge Status, % 35.6 21.0 21.0 20.9 13.9 13.1
With Primary Procedure % 78.1 74.0 100 83.4 68.3 76.1
With Complication % 2.1 2.0 5.0 3.8 1.1 1.5
0 Comorbidity, % 3.7 10.7 10.7 8.4 7.6 9.3
1 Comorbidity, % 12.3 22.5 23.9 18.7 16.1 21.3
2 Comorbidity, % 22.2 25.0 26.2 23.5 21.1 27.0
3 Comorbidity, % 25.9 20.2 20.3 23.0 19.9 20.4
4 Comorbidity, % 20.0 12.6 12.8 16.4 15.4 12.9
5 + Comorbidity, % 15.9 9.0 6.1 10.0 19.9 9.1
DCC, % 46.7 24.3 31.9 37.9 31.3 32.9
Renal Failure, % 58.1 27.7 28.8 41.0 42.7 31.1
Obesity, % 37.1 32.4 36.2 24.6 31.3 29.4
FED, % 34.6 29.4 27.6 31.4 32.4 19.1
Deficiency Anemias, % 37.4 22.7 22.3 28.2 26.6 25.7
Los, Mean ± SD 5.1 ± 4 3.5 ± 3 5.4 ± 5 4.6 ± 4 3.3 ± 3 2.3 ± 1.92
Pre-Op LOS, Mean ± SD 1.0 ± 2 0.9 ± 2 2.6 ± 3 1.5 ± 2 0.8 ± 2 0.6 ± 1.14
Post-Op Los, Mean ± SD 4.4 ± 4 2.9 ± 3 2.9 ± 4 3.4 ± 4 2.8 ± 3 1.9 ± 2
City of Norfolk, % 23.4 19.5 16.8 18.7 21.8 28.8
City of Newport News, % 13.1 14.2 13.2 13.5 14.4 11.4
City of Virginia Beach, % 13.4 15.8 16.4 12.4 14.7 15.4
City of Chesapeake, % 11.7 13.0 11.1 15.7 16.4 10.5
City of Hampton, % 11.6 12.8 14.0 14.0 9.2 10.4
*Categorical variables are presented as n(%). Continuous variables are presented as mean ± SD. HFS: Heart Failure and Shock; CACD: Cardiac Arrhythmia and 
Conduction Disorders; CDEAMI: Circulatory Disorders Except for AMI with Cardiac Catheterization; AMI: Acute Myocardial Infarction; HTN: Hypertension; CP: Chest 
Pain; COA: Clinic/Physician’s Office Admission; HSC: Home or Self-Care; OHC: Organized Home Care Discharge; DCC: Diabetes with Chronic Complications; FED: Fluid 
and Electrolyte Disorders; LOS: Length of Stay. All regions listed are metropolitan cities within the Southeastern Virginia urban area. These cities comprise the core 
of the Hampton Roads metropolitan area, which has a population of over 1.7 million residents
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conditions, notably in AMI at 0.816% (a) with CPT and 
1.085% (a) without, and in CP at 0.845% (a) with CPT and 
0.913% (a) without, indicating a trend of rising healthcare 
costs over time.

Comorbidities significantly impact charges, especially 
in HFS, with an increase of 0.134% (a) and in CACD at 
0.147% (b) without CPT. This association suggests higher 
charges accompany greater health burdens. Emergency 
admissions displayed lower charges in AMI at -0.167% 
(b) with CPT, highlighting how different admission types 
can influence healthcare costs. Conditions such as renal 
failure and electrolyte disorders are significant cost driv-
ers, with renal failure showing a negative association in 

HFS at -0.029% (a) with CPT and electrolyte disorders 
indicating positive associations in HFS at 0.042% (a) with 
CPT and 0.037% (c) without. These findings emphasize 
the complex interplay of clinical and administrative char-
acteristics in determining healthcare costs and highlight 
the substantial financial implications of specific medical 
conditions and treatment modalities (Table 5).

Discussion
Our study highlighted significant gender differences 
in CVDs, with females showing higher incidences of 
CACD, and HTN, and CP. These findings are supported 
by literature suggesting gender-specific variations in 

Table 3  Comparative analysis of demographic, clinical, and administrative differences in circulatory system disorders
Group Difference
Comparison 
(A vs. B or A-B)

HFS CACD CDEAMI AMI HTN CP

Gender, % F vs. M -0.2 0.8 -0.9 -5.7b 9.3 a 5.5c

Age, %, y < 65 vs. >=65 -4.9a -4.9b 30.7 a -7.1b 50.3 a 16a

Age by Gender, Mean F vs. M 3.5a 4.4 a 2.3 a 4.3 a 4.8 a 2.2a

Medicare, % Yes vs. No 27.8a 15.8 a -8.14a 17.4 a 24.9 a -15.7 a

CPT, % Yes vs. No 56.1 a 48a 100 66.8 a 36.6 a 52.2 a

Complication, % Yes vs. No -95.9 a -96 a -90.1 a -92.3 a -97.8 a -97 a

Admit Type, % Em vs. Ur 86 a 84.9 a 73.6 a 79.2 a 84.0 a 86.5 a

Em vs. El 91.4 a 86.4 a 75.3 a 86.2 a 89.5 a 91.6 a

Ur vs. El 5.4 a 1.5b 1.8c 7a 5.5 5a

Admit Source, % NHCFA vs. Other 43 a 36.5 a 17.6 a 44.4b 57.6 a 60.6 a

LOS, Mean F vs. M 0.5 a 0.05 0.1 0.3b 0.3b 0.1b

Pre-Operative LOS, Mean F vs. M 0.1 -0.03 0.01 0.2 0.1 -0.03
Post-Operative LOS, Mean F vs. M 0.4 a 0.1c 0.1 0.1 0.2c 0.1c

*Group differences for categorical variables were assessed using Chi-square tests or Fisher’s exact tests. For continuous variables, t-tests were used for normally 
distributed data and Wilcoxon rank-sum tests for non-normally distributed data. Multiple comparisons were controlled using the Benjamini-Hochberg method. Sig: 
Significant level of the P value; CPT: Current Procedural Terminology (indicating primary procedure); EM: Emergency; Ur: Urgent; Elective: El; NHCFA: Non-Health Care 
Facility Admission; LOS: Length of Stay; a: P value < 0.0001; b: A 0.0001 ≤ P value < 0.01; c: 0.01 ≤ P value < 0.05

Table 4  Total charge group differences (%)
Difference (%) with CPTSig| Difference (%) without CPTSig

Comparison 
(A vs. B or A-B)

HFS CACD CDEAMI# AMI HTN CP

Gender F vs. M 7.1a|8.5a 2.32|6 2.93| - 0.83|1.8 1.8| 4.4 8.8b|13.9c

Age < 65 vs. >=65 4b| 2.8b 8.5a|2.6 5.2c| - 5.5c|1.9 0.9|2 4.0|9.2
Medicare With vs. Other 0.2|7.4b 9.7a|4.6 7.9a| - 4.9|5.5 2.6|5.2 4.3|9.6
Complication With vs. Without 35.4a|34.5c 30.7a|18.3 29.2a| - 25.6a|31a 38.6c|46.3 9.7|15.7
Admission Type EM vs. Other 7.7c|4.5 28.9 a|10c 12.6 a| - 9.6|9.2 11.5|2.6 22.3c|6.3
Admission Source NHCFA vs. Other 3|12.7 5|23.5c 11.3 a| - 13.8a|23.6 3.1|26.3 2.4|24.5

HSD vs. NHSD 28.5a|25.6a 34.7a|29.3a 28 a| - 19.1a|7.5c 13.7a|17.7a 14.5a|3.6
Number of Comorbidities 0 vs. 1 14.4a|4.1 13.8b|0.5 8.2b| - 7.2b|12.9 18.6c|2.8 4.0|2.3

1 vs. 2 9.6a|6.4c 8.2b|15.5b 11.4a| - 3.6|7.6 7.0|2.3 6.3|14.1
2 vs. 3 7.3a|11b 7.2b|10.8 6.7b| - 9.6b|10.3 15.4b|3.8 0.3|10.1
3 vs. 4 9.9a|4.5 12.3b|6.8 17.6 a| - 1.4|6.5 10.9|0.2 12.1b|6.1
4 vs. 5+ 6.5b|2.3 5.1|17.8 1.4|- 7|14.2 0.1|18.7c 7.0|6.9

*Differences in total charges were analyzed using t-tests for normally distributed data and Wilcoxon rank-sum tests for non-normally distributed data. Data were 
transformed as needed to achieve normality. Multiple group comparisons were conducted using ANOVA or Kruskal-Wallis tests. Sig: Significant level of the P value; 
CPT: Procedure; #: CDEAMI always involves a catheterization procedure, hence there are no records available for this condition without a primary procedure; EM: 
Emergency; Admit-S: Admit Source; Admit-T: Admit Type; HSD: Home Selfcare Discharge; NHSD: non-Home Selfcare Discharge; Comorbidity: Number of comorbidity; 
a: P value < 0.0001; b: 0.0001 ≤ P value < 0.01; c: 0.01 ≤ P value < 0.05
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CVD prevalence, influenced by biological and social fac-
tors [24, 25]. Specifically, the higher prevalence of HTN 
in females aligns with recent studies on gender differ-
ences in cardiovascular health [26]. However, our find-
ing of higher AMI rates in females contrasts with several 
previous studies [27–30], that typically report higher 
prevalence in males. This unexpected finding suggests 
potential regional or demographic specificities in our 
Southeastern Virginia population. Our female patients 
with AMI were significantly older than males (mean age 
difference of 4.3 years, p < 0.0001), which could partially 
explain this difference. Additionally, the high prevalence 
of comorbidities known to disproportionately affect 
African American women in our study cohort—includ-
ing diabetes with chronic complications (37.9% of AMI 
patients), renal failure (41.0%), and obesity (24.6%)—
likely contributes to this gender disparity. Our observa-
tions of longer post-operative lengths of stay for females 
and the high rate of emergency admissions (88.4% of 
AMI patients) further suggest that complex interactions 
between gender, access to care, and presentation patterns 
may influence AMI outcomes in this predominantly Afri-
can American population. This gender disparity in CVD 
prevalence may reflect a complex interplay of biologi-
cal factors and social determinants of health specific to 

the Southeastern Virginia region [17, 25, 31]. Compared 
to previous studies [27–30], the contrast in AMI rates 
underscores the importance of considering local popu-
lation characteristics when developing cardiovascular 
health strategies. These findings highlight the need for 
gender-specific approaches in CVD prevention, diag-
nosis, and treatment, particularly in regions with demo-
graphic profiles similar to Southeastern Virginia [24, 28, 
32]. The disparities were also prominent, with younger 
patients (< 65) displaying higher rates of HTN and CP, 
aligning with established research that identifies age as 
a critical factor in CVDs risk and management [33, 34]. 
The higher prevalence of HTN in younger patients is 
particularly concerning, as it suggests a potential shift 
in the age distribution of CVD risk factors. This trend 
may be attributed to changing lifestyle factors, increased 
stress, or earlier onset of obesity in younger populations 
[35–38].

Significant differences in insurance coverage were 
observed, with Medicare predominantly used by HFS 
patients, contrasting with a higher reliance on self-pay 
among HTN patients. This observation is consistent 
with studies indicating that insurance type significantly 
affects access to care and outcomes in CVDs treatment 
[39–41]. The higher rate of self-pay among HTN patients 

Table 5  Factors associated with total charge
With CPTSig| without CPTSig

HFS CACD CDEAMI# AMI HTN CP
MP (R²) 0.84| 0.64 0.84| 0.64 0.87| - 0.80| 0.70 0.86| 0.73 0.87| 0.74
Standardized Regression Coefficient
Age -0.111a|-0.085 -0.180b|0.045 -0.123b| - -0.333a|-0.430c -0.106c|-0.062 -0.128c|-0.084
Year of Discharge 0.189b|0.841a 0.246b|0.721a 0.430a| - 0.816a|1.085a 0.298c|1.222a 0.845a|0.913a

Number of comorbidities 0.024|0.134a 0.018|0.147b 0.016| - -0.080b|0.214b 0.053|0.131c -0.004|0.095
Hospital Length of Stay 1.341| - 0.110| - 0.747a| - 2.026| - 0.833| - 0.052| -
PRLOS -0.203| - 0.244| - -0.117a| - -0.601| - -0.102| - 0.174| -
PSLOS -0.465| - 0.554| - 0| - -1.021| - -0.143| - 0.435| -
Sex="M” -0.004|-0.021 0.011|0.047 0.009| - 0.017|-0.025 0.020|-0.011 -0.011|-0.045
Complication 0.028|0.027c -0.005|0.029 0.059a| - 0.032b|0.061c -0.008|-0.020 0.024c|-0.002
Emergency 0.046|-0.014 0.071|0.036 0.012| - -0.167b|0.092 0.083|-0.367b -0.301c|0.08
Trauma -0.001|0.015 0.018c|0.050c -0.0008| - -0.008|0.079b 0.015| - 0.010|0.048
Urgent -0.002|-0.034 -0.027c|-0.033 -0.017| - -0.069b|0.039 0.021| -0.16b -0.073b|0.005
Medicare 0.0298b|-0.014 0.025|-0.141c 0.034c| - 0.014|-0.128 0.012| -0.012 0.056|-0.043
Other Insurance 0.0179b|-0.036 0.004|-0.089c 0.001| - -0.013|-0.107c -0.003| -0.049 0.025|-0.078
Self-Pay 0.0004|-0.040b -0.007|-0.037 -0.006| - -0.016|-0.084c 0.008| -0.053 0.009|-0.022
(DM = 1) -0.008|-0.022 -0.011|0.009 -0.004| - 0.012|0.014 -0.037|0.004 0.007|-0.012
(RENLFAIL = 1) -0.029a|-0.024 -0.009|-0.020 -0.022c| - -0.023|0.048 -0.008|0.044 -0.009|-0.078c

(OBESE = 1) -0.011c|0.007 -0.021|-0.025 -0.027b| - -0.003|-0.070c 0.034|0.048 -0.022|-0.030
(LYTES = 1) 0.042a|0.037c 0.046a|0.042 0.007| - 0.051a|0.087c -0.025c|0.007 0.008|0.0197
(ANEMDEF = 1) -0.019b|-0.008 -0.021c|0.005 -0.013| - -0.032|-0.026 -0.106|-0.064c -0.038c|0.074c

* CPT: Current Procedural Terminology (indicating primary procedure); Sig: Significance Level; MP: Model Performance (R²); DM: Diabetes Mellitus; RENLFAIL: Renal 
Failure; OBESE: Obesity; LYTES: Fluid and Electrolyte Disorders; ANEMDEF: Deficiency Anemias; PRLOS: Pre-operative Length of Stay; PSLOS: Post-operative Length 
of Stay. Multiple regression models were used to identify factors associated with total charges. Standardized regression coefficients are reported. All variables 
presented in this table remained after the Variance Inflation Factor (VIF) analysis, with variables having VIF > 10 removed from the models. The highest VIF value 
among the retained variables was 3.6 (for number of comorbidities), indicating no substantial concerns regarding multicollinearity in the final models. Standardized 
regression coefficients are reported. Significance levels: a: P value ≤ 0.0001; b: 0.0001 ≤ P value < 0.01; c: 0.01 ≤ P value < 0.05
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is particularly troubling, as it may lead to delayed diag-
nosis and treatment, potentially resulting in more severe 
cardiovascular outcomes as HTN itself is an underlying 
risk factor of other chronic conditions such as heart fail-
ure, renal failure, and stroke [42–44]. This finding high-
lights the need for policy interventions to improve access 
to preventive care and chronic disease management for 
uninsured and underinsured populations. The presence 
of multiple comorbidities was a significant predictor of 
worse CVDs outcomes, especially in HFS where a major-
ity of patients had three or more comorbid conditions. 
This underscores the importance of managing comor-
bid conditions to improve health outcomes, as multiple 
comorbidities complicate treatment approaches and 
impact patient prognosis significantly [45–47].

Our findings on the impact of comorbidities are con-
sistent with recent studies emphasizing the need for 
integrated care models in managing patients with mul-
tiple chronic conditions [2, 48, 49]. The high prevalence 
of renal failure among HFS patients (58.1%) reflects the 
significant burden of this comorbidity and its economic 
implications for healthcare systems. This finding aligns 
with national data showing the substantial impact of 
renal dysfunction on healthcare utilization and costs in 
cardiovascular patients [50, 51]. From an economic and 
health disparity perspective, addressing renal complica-
tions in cardiovascular patients could potentially reduce 
the financial burden on both patients and healthcare 
systems while improving outcomes in minority popula-
tions where these comorbidities are disproportionately 
prevalent.

Findings on hospitalization patterns highlighted the 
predominance of emergency admissions, particularly in 
HFS, and higher discharge rates to home or self-care in 
HTN and CP cases. These patterns reflect the urgency 
and severity of CVDs presentations, emphasizing the 
need for efficient emergency care and robust post-dis-
charge support to reduce readmissions [52–54]. The 
high rate of emergency admissions, especially for HFS, 
suggests potential gaps in outpatient management and 
preventive care. Implementing more robust community-
based interventions and improving access to primary 
care could help reduce the burden on emergency services 
and improve overall patient outcomes [55, 56].

Our findings revealed consistent gender disparities 
in healthcare costs, with females generally incurring 
higher charges than males across various cardiovascu-
lar conditions. While our database does not provide 
granular details on specific treatments or insurance cov-
erage limitations that might explain these differences, 
several factors may contribute to this pattern. First, 
female patients in our study were significantly older than 
males across all conditions (with mean age differences 
of 2.2–4.8 years), potentially leading to more complex 

presentations requiring more intensive interventions. 
Second, we observed longer post-operative lengths of 
stay for females in several conditions (HFS, CACD, HTN, 
and CP), directly increasing hospitalization costs. Third, 
the literature documents gender-specific differences in 
CVD presentation, with females often showing more 
atypical symptoms that may lead to more extensive diag-
nostic testing or differential treatment approaches [57]. 
Additionally, physiological differences between males 
and females, such as smaller coronary arteries in females, 
may necessitate specialized equipment or techniques 
during procedures, potentially affecting costs. As noted 
by Mosca et al. (2011), these biological and presentation 
differences can translate into disparities in healthcare uti-
lization and associated costs [58]. Future research incor-
porating more detailed clinical data, including specific 
treatments, procedures, and insurance coverage details, 
would be valuable to further elucidate the mechanisms 
underlying these gender-based cost disparities and to 
develop targeted interventions to address them.

The study also noted geographic variations in CVDs 
incidence and management, with urban centers like Nor-
folk exhibiting higher patient proportions. This suggests 
that local demographic, socioeconomic, and health-
care infrastructure factors significantly influence CVDs 
outcomes [59]. These findings align with recent studies 
highlighting the importance of place-based interventions 
in addressing cardiovascular health disparities [12]. The 
concentration of cases in urban areas like Norfolk may 
reflect a combination of factors including population 
density, environmental stressors, and potentially unequal 
distribution of healthcare resources [60].

Furthermore, our cost analysis indicated substantial 
economic impacts related to various patient and clini-
cal factors, with the presence of complications and the 
number of comorbidities significantly driving up health-
care costs, highlighting the financial strain associated 
with more complex CVDs cases. The strong association 
between comorbidities and increased costs underscores 
the potential economic benefits of integrated care models 
and preventive strategies that address multiple chronic 
conditions simultaneously. Policy makers and healthcare 
systems should consider these findings when allocating 
resources and designing interventions to manage CVDs 
more cost-effectively.

This study relies on administrative hospital discharge 
data from the VHI database, which presents several 
inherent limitations. First, these data were collected pri-
marily for billing and administrative purposes rather than 
research, potentially affecting the depth and focus of 
clinical information available. Although VHI implements 
rigorous editing procedures at the record level to main-
tain data integrity, important constraints remain. Cod-
ing practices may vary substantially across healthcare 
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facilities, leading to inconsistent documentation of diag-
noses and procedures. The retrospective nature of the 
data limits our ability to establish causality, and the lack 
of granular clinical details beyond recorded diagnoses 
and procedures restricts more nuanced clinical inter-
pretations. Furthermore, certain conditions might be 
misclassified or underreported in administrative data, 
particularly those that are not primary drivers of reim-
bursement. While our study identified complications 
as a significant cost driver, the administrative nature of 
the VHI database limited our ability to analyze specific 
complication types (bleeding, vascular injury, contrast-
induced nephropathy, etc.). Future studies using clini-
cal registries or detailed electronic health records would 
provide better insights into specific procedural compli-
cations and their economic impacts across demographic 
groups. Despite the inherent limitations of administrative 
data, this study provides valuable insights into CVD pat-
terns among minority populations in Southeastern Vir-
ginia. The large sample size (30,855 discharges) enables 
robust statistical analyses that reveal significant patterns 
in healthcare utilization, costs, and outcomes. While 
administrative data lacks some clinical granularity, it cap-
tures system-level trends and disparities that are critical 
for healthcare planning and policy development. Our 
findings on gender differences, insurance coverage pat-
terns, and comorbidity impacts offer actionable informa-
tion for developing targeted interventions, even with the 
acknowledged limitations of retrospective administra-
tive data. Our study’s categorization of cardiovascular 
conditions follows standardized DRGs and ICD coding 
practices, which has inherent limitations. Categories like 
‘Heart Failure and Shock’ and ‘Chest Pain’ represent 
broad administrative groupings rather than clinically 
validated diagnoses. Without access to detailed clini-
cal data such as catheterization findings or biomarker 
results, we cannot distinguish between specific subtypes 
of conditions or verify diagnostic accuracy beyond the 
coded information available in administrative records. 
While the RATs data significantly enhanced our ability to 
track episodes of care, it too has limitations. The match-
ing algorithm depends on consistent recording of patient 
identifiers across encounters, which may not be uniform 
across all facilities or patient encounters. Additionally, 
since VHI does not require Social Security Numbers 
for patients three years or younger, the RATs informa-
tion for this demographic group is incomplete. Though 
this particular limitation minimally impacts our CVD 
study, which focused primarily on adult populations, it 
represents an important constraint of the data source 
that should be acknowledged for methodological trans-
parency. Finally, while our study intentionally focused 
on AA&H populations in Southeastern Virginia with-
out comparison to other racial/ethnic groups, national 

data provides context for our findings. According to the 
American Heart Association’s 2023 report, CVD mor-
tality rates for African Americans exceed those of non-
Hispanic whites by approximately 30% nationwide [1]. 
Our findings regarding high emergency admission rates 
(> 90% for several conditions) and substantial comorbid-
ity burdens (> 60% of HFS patients having three or more 
comorbidities) align with national patterns of cardiovas-
cular disparities in minority populations [61, 62]. Future 
research should directly compare outcomes between 
racial/ethnic groups within Southeastern Virginia to bet-
ter quantify local disparities and evaluate the effective-
ness of targeted interventions.

Conclusion
This comprehensive analysis of CVDs among a diverse 
population in Southeastern Virginia highlights significant 
disparities in disease prevalence, healthcare utilization, 
and outcomes. Key findings revealed that demographic 
factors such as gender and age substantially impact dis-
ease prevalence and healthcare costs, with females hav-
ing higher incidences of chronic conditions like HTN 
and males being more affected by conditions like AMI. 
The study identified insurance type as a critical factor 
influencing healthcare access and outcomes, with Medi-
care beneficiaries showing different utilization patterns 
compared to other groups. Comorbidities significantly 
increased hospitalization costs and care complexity, with 
conditions like renal failure being particularly prevalent.

Our cost analysis revealed significant disparities influ-
enced by gender, admission source, and admission type, 
underscoring the economic implications of these demo-
graphic and clinical factors. These findings contribute 
valuable insights into CVD management within minor-
ity populations and support the development of targeted 
interventions to reduce disease burden, improve out-
comes, and mitigate economic strain on healthcare sys-
tems serving diverse communities.

Implications of findings
The results of this study underscore the need for health-
care policy improvements that enhance access to pre-
ventive and ongoing care for underinsured groups, 
particularly in managing CVDs. Given the significant 
impacts of gender and age on CVD outcomes, tailored 
clinical approaches and targeted interventions could be 
more effective, such as lifestyle modification programs 
for younger patients and enhanced screening for older 
individuals. The high prevalence of comorbidities like 
renal failure and diabetes among CVD patients calls for 
integrated care models that coordinate across specialties 
to improve overall patient outcomes.

Additionally, the substantial rates of emergency admis-
sions and economic implications highlighted by this 
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study underline the importance of optimizing emergency 
care protocols and strengthening post-discharge support 
to reduce readmissions and associated costs. Geographic 
variations in CVD incidence suggest that localized health 
interventions could significantly reduce disease burden 
in high-prevalence areas. Lastly, the financial implica-
tions associated with demographic and clinical factors 
warrant further research into cost-effective healthcare 
delivery models, aiming to balance clinical effectiveness 
and cost-efficiency to enhance equitable and sustainable 
management of CVDs.

Abbreviations
CVD	� Cardiovascular Disease
VHI	� Virginia Health Information
AA&H	� African American and Hispanic
HFS	� Heart Failure and Shock
CACD	� Cardiac Arrhythmia and Conduction Disorders
HTN	� Hypertension
CP	� Chest Pain
AMI	� Acute Myocardial Infarction
RATs	� Readmissions and Transfers Supplemental Data Set
MDC	� Major Diagnostic Category
DRG	� Diagnosis Related Group
CMS	� Centers for Medicare and Medicare Services
IRB	� Institutional Review Board
RISE	� Research and Infrastructure Service Enterprise
IQR	� Interquartile Range
VIF	� Variance Inflation Factor
DDCS	� Diseases and Disorders of the Circulatory System
CDEAMI	� Circulatory Disorders Except for AMI with Cardiac Catheterization
CPT	� Primary procedure

Acknowledgements
We extend our heartfelt gratitude to the Hampton Roads Biomedical Research 
Consortium (HRBRC) for their generous financial support of this research 
project. Their commitment to advancing medical research and addressing 
health disparities in the Hampton Roads region has made this study possible. 
We acknowledge their ongoing support and dedication to fostering scientific 
discovery and improving community health outcomes.VHI has provided 
non-confidential patient level information used in this study which it has 
compiled in accordance with Virginia Law but which it has no authority to 
independently verify. By using this data, the authors agree to assume all risks 
that may be associated with or arise from the use of inaccurate data. VHI 
cannot and does not represent that the use of VHI’s data was appropriate for 
this study or endorse or support any conclusions or inferences that may be 
drawn from the use of VHI’s data.This work was conducted in conjunction with 
M. Foscue Brock Institute for Community and Global Health at Macon & Joan 
Brock Virginia Health Sciences at Old Dominion University.

Author contributions
IEM: Writing– review & editing, Writing– original draft, Project administration, 
Methodology, Investigation, Formal analysis, Data curation, Conceptualization, 
Software, Supervision, Resources, Funding acquisition.AA: Review & editing, 
Investigation, Project administration, Resources.RSA: Review & editing, 
Methodology, Investigation, Resources, Funding acquisition.QZ: Review & 
editing, Methodology, Investigation, Resources, Funding acquisition.MB: 
Writing– review & editing, Project administration, Methodology, Investigation, 
Formal analysis, Data curation, Software, Resources, Funding acquisition.

Funding
This research was generously funded by the Hampton Roads Biomedical 
Research Consortium (HRBRC)- Project Number 958830-005, 2023.

Data availability
The datasets used during the current study are derived from the Virginia 
Health Information (VHI) Patient Level Database and the Readmissions 
and Transfers Supplemental Data Set (RATs), which are licensed inpatient 

hospital discharge data files containing all submitted, processed, and verified 
discharges in the Commonwealth of Virginia. The data were accessed 
through the M. Foscue Brock Institute for Community and Global Health at 
Macon & Joan Brock Virginia Health Sciences at Old Dominion University and 
the Research and Infrastructure Service Enterprise at Macon & Joan Brock 
Virginia Health Sciences at Old Dominion University. The data are not publicly 
available due to VHI licensing agreements and privacy restrictions but may be 
available from the corresponding author upon reasonable request and subject 
to approval by VHI and the M. Foscue Brock Institute for Community and 
Global Health at Macon & Joan Brock Virginia Health Sciences at Old Dominion 
University. Additional information about the data extraction methodology and 
the process used in this project to link the Patient Level Database to the RATs 
can be provided by contacting Dr. Ismail El Moudden at elmoudi@odu.edu. 
Researchers interested in accessing similar data should contact VHI directly 
to complete the appropriate license agreement and pay applicable fees. The 
data are held under the terms stipulated by the VHI licensing agreement, 
which prohibits public sharing of the data to protect patient confidentiality 
and comply with legal restrictions. Information about obtaining VHI data can 
be found at www.vhi.org/pld.

Declarations

Ethics approval and consent to participate
This study has been conducted in accordance with ethical standards and 
guidelines. Although the requirement for formal ethics approval was not 
necessary for this research, we have adhered to the principles of ethical 
conduct and respect for participants throughout the study. We are committed 
to maintaining the highest standards of integrity and respect for all individuals 
involved in this research. All data collected has been handled confidentially, 
and measures have been taken to ensure that participants’ privacy and 
anonymity are protected.

Consent for publication
Not applicable. This study used de-identified administrative data and did not 
involve collection of personal or clinical details from individual participants.

Clinical trial number
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Old Dominion University, Norfolk, VA, USA

Received: 9 September 2024 / Accepted: 16 April 2025

References
1.	 Tsao CW, Aday AW, Almarzooq ZI, Anderson CAM, Arora P, Avery CL, et al. 

Heart disease and stroke Statistics-2023 update: A report from the American 
heart association. Circulation. 2023;147(8):e93–621.

2.	 Heidenreich PA, Fonarow GC, Breathett K, Jurgens CY, Pisani BA, Pozehl BJ, 
Yancy CW. Correction to: 2022 AHA/ACC/HFSA guideline for the manage-
ment of heart failure: A report of the American college of cardiology/
american heart association joint committee on clinical practice guidelines. 
Circulation. 2023;147(14):e674.

3.	 Centers for Disease Control and Prevention CDC. Stats of the states - Heart 
disease mortality 2024 [Available from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​d​c​.​​g​o​v​​/​n​c​h​​s​/​​p​r​e​​s​s​r​​o​o​
m​/​​s​o​​s​m​a​​p​/​h​​e​a​r​t​​_​d​​i​s​e​​a​s​e​​_​m​o​r​​t​a​​l​i​t​y​/​h​e​a​r​t​_​d​i​s​e​a​s​e​.​h​t​m

4.	 Virani SS, Tsao CW, Alger HM, Heidenreich PA, Petersen MP, Bittner V, Ameri-
can Heart Association Council on Epidemiology and Prevention Statistics 
Committee and Stroke Statistics Subcommittee. Burden and trends of 
cardiovascular diseases and risk factors in the united States by State: insights 
from the American heart association 2023 heart disease and stroke statistics 
update. Circulation. 2023;147(14):e1. - e14.

5.	 Virginia Department of Health. Demographics 2023 [Available from: ​h​t​t​p​​s​:​/​​/​w​
w​w​​.​v​​d​h​.​​v​i​r​​g​i​n​i​​a​.​​g​o​v​​/​d​a​​t​a​/​d​​e​m​​o​g​r​a​p​h​i​c​s​/

http://www.vhi.org/pld
https://www.cdc.gov/nchs/pressroom/sosmap/heart_disease_mortality/heart_disease.htm
https://www.cdc.gov/nchs/pressroom/sosmap/heart_disease_mortality/heart_disease.htm
https://www.vdh.virginia.gov/data/demographics/
https://www.vdh.virginia.gov/data/demographics/


Page 12 of 13Ismail et al. BMC Cardiovascular Disorders          (2025) 25:314 

6.	 Carnethon MR, Pu J, Ning H, Mehta A, Thomas H, Desai N. &Khan, S. S. Cardio-
vascular health among Black and Hispanic/Latino adults in the United States, 
2011–2018. Circulation. 2023;147(13):1011–22.

7.	 Pattah S. Health disparities in the Hampton roads region of Virginia: an 
analysis of social determinants of health. J Community Health 2022. 
2022;47(5):785–95.

8.	 United States Census Bureau. QuickFacts Virginia; United States 2024 [Avail-
able from: ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​e​n​s​​u​s​.​​g​o​v​/​​q​u​​i​c​k​​f​a​c​​t​s​/​f​​a​c​​t​/​t​​a​b​l​​e​/​V​A​​,​U​​S​/​P​S​T​0​4​5​2​2​4

9.	 World Population Review. Virginia Population 2024 [Available from: ​h​t​t​p​​s​:​/​​/​w​
o​r​​l​d​​p​o​p​​u​l​a​​t​i​o​n​​r​e​​v​i​e​​w​.​c​​o​m​/​s​​t​a​​t​e​s​/​v​i​r​g​i​n​i​a

10.	 Data USA. Virginia Population and Diversity 2024 [Available from: ​h​t​t​p​s​:​​​/​​/​d​a​t​a​
u​​s​​a​​.​i​​o​​/​p​r​o​​f​i​​​l​e​​/​g​​e​​o​/​v​i​​r​g​​i​​n​i​a​#​d​e​m​o​g​r​a​p​h​i​c​s

11.	 Churchwell K, Elkind, M. S. V., Benjamin, R. M., Carson, A. P., Chang, E. K., 
Delling,F. N.,… Rodriguez, C. J. Call to action: Structural racism as a funda-
mental driver of health disparities: A presidential advisory from the American 
Heart Association.Circulation. 2023;147(12):e72 - e94.

12.	 Churchwell K, Elkind MSV, Benjamin RM, Carson AP, Chang EK, Delling FN, 
Rodriguez CJ. Structural racism and cardiovascular disease: challenges and 
opportunities. Circul Res. 2024;134(3):363–76.

13.	 Brown JR, Haas LR, Hashmi ZA, Krumholz HM, Spatz ES. Racial and ethnic 
disparities in cardiovascular health and healthcare in the united States. Nat 
Reviews Cardiol. 2023;20(4):215–32.

14.	 Balfour PC, Ruiz JM, Talavera GA, Allison MA, Rodriguez CJ. Cardiovascular 
disease in Hispanics/Latinos in the united States: importance of culturally 
tailored interventions. Current Atherosclerosis Reports; 2023.

15.	 Breathett K, Leng I, Foraker RE, Abraham WT, Coker L, Whitfield KE, Cuffee YL. 
Racial and ethnic disparities in heart failure: the role of social determinants of 
health. JACC: Heart Fail. 2023;11(2):91–103.

16.	 Davis BM, Siddiqui MT, Saenz GA, Josey K, Kaplan B, Ziaeian B. Racial 
and ethnic disparities in heart failure readmission rates. JACC: Heart Fail. 
2021;9(3):180–9.

17.	 Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, et 
al. Social determinants of risk and outcomes for cardiovascular disease: 
A scientific statement from the American heart association. Circulation. 
2015;132(9):873–98.

18.	 Littell RC, Stroup WW, Freund R. J. SAS for linear models. Cary, NC: SAS Insti-
tute; 2022.

19.	 Agresti A. Categorical data analysis. NJ: Wiley and Sons; 2013.
20.	 Benjamini Y, Hochberg Y. Controlling the false discovery rate: A practical and 

powerful approach to multiple testing. J Royal Stat Soc Ser B (Methodologi-
cal). 1995;57(1):289–300.

21.	 Myers L, Sirois MJ. Spearman correlation coefficients, differences between. 
Encyclopedia of statistical sciences. Hoboken, NJ: Wiley & Sons; 2006.

22.	 Fitzmaurice GM, Laird NM, Ware JH. Applied longitudinal analysis. 2nd ed. 
Hoboken, NJ: Wiley & Sons; 2011.

23.	 Randles RH, Wolfe DA. Introduction to the theory of nonparametric statistics. 
FL: Krieger Publishing Company; 1991.

24.	 Zhou Q, Bei Y, Editorial. Gender differences in cardiovascular diseases. J 
Cardiovasc Transl Res. 2020;13(1):1–2.

25.	 Teitler J, Wood BM, Zeng W, Martinson ML, Plaza R, Reichman NE. Racial-
ethnic inequality in cardiovascular health in the united States: does it mirror 
socioeconomic inequality? Ann Epidemiol. 2021;62:84–91.

26.	 Connelly PJ, Azizi Z, Alipour P, Delles C, Pilote L, Raparelli V. The importance of 
gender to understand sex differences in cardiovascular disease. Can J Cardiol. 
2021;37(5):699–710.

27.	 Virani SS, Alonso A, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP, et 
al. Heart disease and stroke Statistics-2020 update: A report from the Ameri-
can heart association. Circulation. 2020;141(9):e139–596.

28.	 Garcia M, Mulvagh SL, Merz CN, Buring JE, Manson JE. Cardiovascular disease 
in women: clinical perspectives. Circ Res. 2016;118(8):1273–93.

29.	 Zahid S, Khan MZ, Ullah W, Rai D, Din MTU, Abbas S, et al. Gender differences 
in Age-Stratified inhospital outcomes after transcatheter aortic valve implan-
tation (from the National inpatient sample 2012 to 2018). Am J Cardiol. 
2022;167:83–92.

30.	 Arora S, Patel, P., Lahewala, S., Patel, N., Patel, N. J., Thakore, K.,… Badheka,A. 
O. Gender differences in in-hospital outcomes of transcatheter aortic valve 
implantation.American Journal of Cardiology. 2019;123(12):1958–63.

31.	 Benjamin EJ, Muntner P, Alonso A, Bittencourt MS, Callaway CW, Carson 
AP, et al. Heart disease and stroke Statistics-2019 update: A report from the 
American heart association. Circulation. 2019;139(10):e56–528.

32.	 Mosca L, Benjamin EJ, Berra K, Bezanson JL, Dolor RJ, Lloyd-Jones DM, et al. 
Effectiveness-based guidelines for the prevention of cardiovascular disease in 

women–2011 update: a guideline from the American heart association. J Am 
Coll Cardiol. 2011;57(12):1404–23.

33.	 Rodgers JL, Jones J, Bolleddu SI, Vanthenapalli S, Rodgers LE, Shah K et al. 
Cardiovascular risks associated with gender and aging. J Cardiovasc Dev Dis. 
2019;6(2).

34.	 Dhingra R, Vasan RS. Age as a risk factor. Med Clin North Am. 
2012;96(1):87–91.

35.	 Sidney S, Quesenberry CP Jr., Jaffe MG, Sorel M, Nguyen-Huynh MN, Kushi LH, 
et al. Recent trends in cardiovascular mortality in the united States and public 
health goals. JAMA Cardiol. 2016;1(5):594–9.

36.	 Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono C, et al. Global, 
regional, and National prevalence of overweight and obesity in children 
and adults during 1980–2013: a systematic analysis for the global burden of 
disease study 2013. Lancet. 2014;384(9945):766–81.

37.	 Global Burden of Cardiovascular Diseases C. The burden of cardiovascular 
diseases among US States, 1990–2016. JAMA Cardiol. 2018;3(5):375–89.

38.	 Roth GA, Mensah GA, Fuster V, GBD-NHLBI-JACC Global Burden of Cardiovas-
cular Diseases Writing Group. The burden of cardiovascular diseases among 
US States, 1990–2020. J Am Coll Cardiol. 2023;81:2541–52.

39.	 Smolderen KG, Spertus JA, Nallamothu BK, Krumholz HM, Tang F, Ross 
JS, et al. Health care insurance, financial concerns in accessing care, and 
delays to hospital presentation in acute myocardial infarction. JAMA. 
2010;303(14):1392–400.

40.	 Beckman AL, Bucholz EM, Zhang W, Xu X, Dreyer RP, Strait KM et al. Sex 
differences in financial barriers and the relationship to recovery after acute 
myocardial infarction. J Am Heart Assoc. 2016;5(10).

41.	 Khera R, Valero-Elizondo J, Nasir K. Financial toxicity in atherosclerotic cardio-
vascular disease in the united states: current state and future directions. J Am 
Heart Assoc. 2020;9(19):e017793.

42.	 Ettehad D, Emdin CA, Kiran A, Anderson SG, Callender T, Emberson J, et al. 
Blood pressure Lowering for prevention of cardiovascular disease and death: 
a systematic review and meta-analysis. Lancet. 2016;387(10022):957–67.

43.	 Lawes CM, Vander Hoorn S, Rodgers A. Global burden of blood-pressure-
related disease, 2001. Lancet. 2008;371(9623):1513–8.

44.	 Lawes CM, VHS, Rodgers A. International society of hypertension. Global 
burden of blood-pressure-related disease 2001. Lancet. 2008;371:1513–8.

45.	 Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn 
EJ, et al. 2019 ACC/AHA guideline on the primary prevention of cardio-
vascular disease: A report of the American college of cardiology/american 
heart association task force on clinical practice guidelines. Circulation. 
2019;140(11):e596–646.

46.	 van Deursen VM, Urso R, Laroche C, Damman K, Dahlström U, Tavazzi L, et 
al. Co-morbidities in patients with heart failure: an analysis of the European 
heart failure pilot survey. Eur J Heart Fail. 2014;16(1):103–11.

47.	 Sambamoorthi U, Tan X, Deb A. Multiple chronic conditions and health-
care costs among adults. Expert Rev Pharmacoecon Outcomes Res. 
2015;15(5):823–32.

48.	 Bodenheimer T, Wagner EH, Grumbach K. Improving primary care for 
patients with chronic illness: the chronic care model, part 2. JAMA. 
2002;288(15):1909–14.

49.	 Rich MW, Beckham V, Wittenberg C, Leven CL, Freedland KE, Carney RM. A 
multidisciplinary intervention to prevent the readmission of elderly patients 
with congestive heart failure. N Engl J Med. 1995;333(18):1190–5.

50.	 Damman K, Valente MA, Voors AA, O’Connor CM, van Veldhuisen DJ, Hillege 
HL. Renal impairment, worsening renal function, and outcome in patients 
with heart failure: an updated meta-analysis. Eur Heart J. 2014;35(7):455–69.

51.	 Ronco C, Bellasi A, Di Lullo L. Cardiorenal syndrome: an overview. Adv 
Chronic Kidney Dis. 2018;25(5):382–90.

52.	 Desai AS, Stevenson LW. Rehospitalization for heart failure: predict or pre-
vent? Circulation. 2012;126(4):501–6.

53.	 Bradley EH, Curry L, Horwitz LI, Sipsma H, Wang Y, Walsh MN, et al. Hospital 
strategies associated with 30-day readmission rates for patients with heart 
failure. Circ Cardiovasc Qual Outcomes. 2013;6(4):444–50.

54.	 Fanaroff AC, Peterson ED, Kaltenbach LA, Amin AP, Spertus JA, Salisbury AC, 
Wang TY. Association of community factors and hospital strategies with 
door-to-balloon and door-to-needle times for acute myocardial infarction. 
JAMA Netw Open. 2021;4(6):e2113030.

55.	 Kansagara D, Chiovaro JC, Kagen D, Jencks S, Rhyne K, O’Neil M, et al. So 
many options, where do we start? An overview of the care transitions litera-
ture. J Hosp Med. 2016;11(3):221–30.

56.	 Feltner C, Jones CD, Cené CW, Zheng ZJ, Sueta CA, Coker-Schwimmer EJ, 
et al. Transitional care interventions to prevent readmissions for persons 

https://www.census.gov/quickfacts/fact/table/VA,US/PST045224
https://worldpopulationreview.com/states/virginia
https://worldpopulationreview.com/states/virginia
https://datausa.io/profile/geo/virginia#demographics
https://datausa.io/profile/geo/virginia#demographics


Page 13 of 13Ismail et al. BMC Cardiovascular Disorders          (2025) 25:314 

with heart failure: a systematic review and meta-analysis. Ann Intern Med. 
2014;160(11):774–84.

57.	 Mehta LS, Beckie TM, DeVon HA, Grines CL, Krumholz HM, Johnson MN, et 
al. Acute myocardial infarction in women: A scientific statement from the 
American heart association. Circulation. 2016;133(9):916–47.

58.	 Mosca L, Barrett-Connor E, Wenger NK. Sex/gender differences in cardio-
vascular disease prevention: what a difference a decade makes. Circulation. 
2011;124(19):2145–54.

59.	 Shahu A, Okunrintemi V, Tibuakuu M, Khan SU, Gulati M, Marvel F, et al. 
Income disparity and utilization of cardiovascular preventive care services 
among U.S. Adults. Am J Prev Cardiol. 2021;8:100286.

60.	 McGowan VJ, Buckner S, Mead R, McGill E, Ronzi S, Beyer F, et al. Examining 
the effectiveness of place-based interventions to improve public health 

and reduce health inequalities: an umbrella review. BMC Public Health. 
2021;21(1):1888.

61.	 Graham G. Disparities in cardiovascular disease risk in the united States. Curr 
Cardiol Rev. 2015;11(3):238–45.

62.	 Kyalwazi AN, Loccoh EC, Brewer LC, Ofili EO, Xu J, Song Y, et al. Disparities in 
cardiovascular mortality between black and white adults in the united States, 
1999 to 2019. Circulation. 2022;146(3):211–28.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿Disparities in cardiovascular disease outcomes and economic burdens among minorities in southeastern Virginia
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Result
	﻿Discussion
	﻿Conclusion
	﻿Implications of findings

	﻿References


