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Abstract

Background: Cardiovascular diseases contribute to considerable morbidity and mortality in the USA. We sought to
establish regional disparities across the nation contributing to cardiovascular disease (CVD) among non-elective young
adult hospitalizations.
Methods: The National Inpatient Sample (2019) was utilized to identify the incidence of non-elective hospitalizations

among young adults (18e44 yrs) and analyze the burden of CVD risk factors and outcomes (MACCE; all-cause mortality,
AMI, cardiac arrest and stroke) in different US regions.
Results: A total of 5,833,930 (median age 32 [26e37] years) non-elective admissions were recorded; plurality from the

south (39.6%). Most admissions were white (51.4%) and female (65.5%) amid all regions. The burden of CVD risk factors
was significantly higher in the South followed by the Mid-west regions. The South had the highest and the Northeast
had the lowest rates of MACE (2.9% vs 2.3%) and stroke (1.0% vs 0.8%). The risk of AMI was high for the south and Mid-
west regions (1.1%). All-cause mortality was highest in South and West regions (0.7%). Multivariate adjusted odds for
these cardiovascular events were higher in the West (aOR 1.22; 95%CI 1.12e1.33) followed by South (aOR 1.16; 95%CI
1.07e1.26) regions.
Conclusions: This population-based study assessing non-elective admissions in the young revealed a higher burden of

CVD risk factors and rate of MACCE in the South compared to other areas of the USA. Regional policies should be
tailored to the local CVD risk burden.

Keywords: Regional disparities, Young adults, Non-elective/emergency, Cardiovascular disease, Major adverse cardiac
and cerebrovascular events

1. Introduction

D espite improving cardiovascular disease (CVD)
burden and mortality in all the geographical

regions of the United States, there is a growing
concern regarding the widening geographical
disparity over time. Certain regions, particularly
those in the South, are lagging in mortality reduc-
tion. The geographical disparity in CVD mortality is

thought to be related to inequalities in behavioral
risk factors and socioeconomic conditions. In addi-
tion, the health disparities extend beyond geogra-
phy and include ethnicity, race, and socioeconomic
status. The overall cost of these combined dispar-
ities in the US has been estimated at 1.24 trillion
U.S. Dollars annually. Consequently, the reduction
of health inequalities including those between
geographical areas has been a major health policy
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goal in the United States for at least the past four
decades.1,2

Cardiovascular diseases continue to be the lead-
ing cause of death in the US.3 However, analyses
regarding the geographical disparities of CVD
events and mortality have been few.1 The docu-
mentation of the regional disparities, with the
highest and lowest CVD rates, can provide infor-
mation regarding the extent to which cardiovascular
event and mortality reduction can be achieved.4

Additionally, a spatialetemporal analysis of car-
diovascular mortality would help to identify
geographical areas with high rates of CVD mortality
and lower rates of mortality reduction.5 This iden-
tifies the regions with an urgent need for action.
Herein, we aim to establish regional disparities
across the USA contributing to CVD (Cardiovascu-
lar events) among young adults during non-elective
hospitalizations.

2. Methods

We retrospectively identified all non-elective ad-
missions among young patients (aged 18e44 years)
using the National Inpatient Sample dataset from
2019. The NIS database provides a nationwide
assessment of over 35 million hospitalizations
annually covering 97% of the US population. We
assessed the burden of CVD risk factors and in-
hospital outcomes in different geographical loca-
tions in the USA. We used previously validated and
relevant ICD-10 diagnostic codes for MACCE
(major adverse cardiovascular and cerebrovascular
events). Demographics such as sex, race/ethnicity,
the full list of comorbidities as well as patient loca-
tion and teaching-hospital status were collected.
This study was exempt from the Institutional Re-
view Board approval in light of the de-identified
database.
The primary outcomes/endpoints were rates of

MACCE (all-cause mortality, acute myocardial
infarction, cardiac arrest, and stroke). The secondary
end-points were the adjusted odds ratio for cardio-
vascular events by region using multivariable
regression models controlled for relevant de-
mographics, hospital-level characteristics, comor-
bidities, and prior history of cardiovascular events
or procedures. We utilized weighted data and
complex survey modules with IBM SPSS Statistics
version 25.0 (IBM Corp., Armonk, NY, USA) for all
analyses. We used Pearson chi-square test for cat-
egorical measures and the ManneWhitney U test
for continuous variables. A p-value of <0.05 was
considered the threshold for statistical significance.

3. Results

A total of 5,833,930 non-elective admissions are
recorded with a median age of 32 (26e37 years).
There was a plurality from the South with 39.6%,
followed by the West and Midwest with 22.5% %
and 20.6% of admissions respectively, and the
smallest proportion from the Northeast at 17.2%.
Most admissions were among whites (65.5%), and
females (65.5%) amid all regions [Table 1]. Smaller
percentages were black, Hispanic and Native
American. The Midwest appeared to be the least
racially diverse. The most racially diverse region
was the South, 48.9% being white (28.4%) black and
(16.6%) Hispanic. The West was the other region
where the whites occupied a plurality of 42.9%,
however, less diverse than the South, as the only
other significant ethnic group was Hispanics at
34.1%. In the Midwest and the Northeast, there were
a majority of whites.
Overall, the most common primary expected

payer was Medicaid with 40.2% of the admissions
being enrollees, followed by private Health main-
tenance organizations (HMO) at 38% of admissions.
This pattern was consistent in each region of the
USA where the majority of hospitalized individuals
utilized Medicaid or private HMO in near equal
distributions. However, overall utilization was
reduced in the South where a combined 70% of
hospital admissions were enrolled with either
Medicaid or private HMO. 86.6% of admissions in
the West were enrolled with Medicaid or private
HMOs, the highest such percentage in this regional
analysis.
The burden of CVD risk factors was significantly

higher in the South followed by the Midwest region
[Table 1]. The South had the highest percentage of
smokers (29.8%) and hypertension (13.7% with un-
complicated hypertension and 6.6% with compli-
cated hypertension). While the South had the
highest prevalence of complicated diabetes, the
Northeast had the lowest prevalence (7.0% vs 4.8%).
The highest prevalence of uncomplicated diabetes
was noted in the West (5.1%) followed closely by the
South (5.0%). The Midwest demonstrated the high-
est prevalence of hyperlipidemia (6.8%) whilst the
West had the lowest prevalence (5.0%). The North-
east followed by the Midwest had the highest
prevalence of drug abuse (13.8% and 13.5%
respectively), albeit, the prevalence of drug use
among different regions appeared to be a bit more
uniform as the South and the West have a preva-
lence of 11.8% and 12.4% respectively. The Midwest
had the highest prevalence of previous MI (1.0%)
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Table 1. Baseline characteristics, comorbidities and outcomes in non-elective admissions among young adults from different regions.

REGION OF HOSPITALS
No. of admissions (%)

NORTHEAST
1005757(17.2%)

MIDWEST
1201864(20.6%)

SOUTH
2312009(39.6%)

WEST
1314300(22.5%)

TOTAL
5833930(100%)

Age (years) at admission, median [IQR] 32[26-37] 31[26-37] 32[26-37] 31[26-37] 32[26-37]

Sex

Male 36.5% 35.7% 34.3% 32.4% 34.5%
Female 63.5% 64.3% 65.7% 67.6% 65.5%

Race

White 52.4% 65.7% 48.9% 42.5% 65.5%
Black 19.5% 21.9% 28.4% 9.0% 51.4%
Hispanic 17.0% 7.0% 16.6% 34.1% 21.2%
Asian or Pacific Islander 4.0% 2.1% 1.9% 8.2% 18.7%
Native American 0.2% 1.1% 0.5% 2.3% 3.7%
Others 6.8% 2.1% 3.7% 4.0% 1.0%

Primary expected payer

Medicare 7.7% 8.7% 8.0% 5.1% 7.4%
Medicaid 43.2% 39.3% 34.5% 48.5% 40.2%
Private including HMO 41.0% 40.3% 35.5% 38.1% 38.0%
Self Pay 4.8% 7.8% 16.2% 4.4% 9.8%
No charges 0.1% 0.5% 1.6% 0.2% 0.8%
Others 3.2% 3.5% 4.1% 3.7% 3.7%

Location/teaching hospital status

Rural 3.8% 10.0% 7.6% 3.8% 6.6%
Urban non-teaching 8.4% 13.0% 18.6% 20.5% 16.1%
Urban teaching 87.8% 77.0% 73.8% 75.7% 77.3%

Comorbidities

Hypertension, complicated 4.1% 5.6% 6.6% 4.8% 5.6%
Hypertension, uncomplicated 10.5% 13.0% 13.7% 9.3% 12.0%
Diabetes, complicated 4.8% 6.4% 7.0% 5.5% 6.1%
Diabetes, uncomplicated 4.8% 4.8% 5.0% 5.1% 4.9%
Hyperlipidemia 5.5% 6.8% 6.4% 5.0% 6.0%
Tobacco use disorder 22.9% 29.8% 23.8% 17.2% 23.4%
Peripheral Vascular Disease 0.9% 1.1% 1.0% 0.9% 1.0%
Drug Abuse 13.8% 13.5% 11.8% 12.4% 12.6%
Prior MI 0.6% 1.0% 0.9% 0.6% 0.8%
Prior TIA/Stroke 0.9% 1.3% 1.3% 0.9% 1.1%

Outcomes

All cause mortality 0.6% 0.6% 0.7% 0.7% 0.6%
Acute myocardial infarction 0.9% 1.1% 1.1% 0.8% 1.0%
Cardiac arrest/ VF 0.4% 0.5% 0.5% 0.4% 0.5%
Stroke 0.8% 0.9% 1.0% 0.9% 0.9%
MACCE 2.3% 2.6% 2.9% 2.4% 2.6%

Disposition

Routine 82.8% 86.5% 87.4% 87.4% 86.4%
Transfer to short term hospitals 1.6% 1.6% 1.3% 1.5% 1.5%
Transfer to others, SNF, ICF 4.5% 4.7% 3.5% 3.8% 4.0%
Home health care (HHC) 5.9% 3.4% 3.6% 3.2% 3.9%
AMA 4.6% 3.1% 3.4% 3.4% 3.6%

Adjusted Odds Ratio for MACCE P values aOR* 95%CI

South vs Northeast <0.001 1.16 1.07-1.26
West vs Northeast <0.001 1.22 1.12-1.33
Midwest vs Northeast <0.001 1.08 0.99-1.18

P<0.005 indicates statistical significance, MACCE¼ Major Adverse Cardiac and Cerebrovascular EventsIQR¼interquartile range,
SNF¼Skilled nursing facility, ICF¼intermediate care facility,CI¼confidence interval.
* Multivariable analysis were adjusted for patient/sociodemographic characteristics and preexisting cardiovascular and extracardiac

comorbidities. Adjusted P <0.001.
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and previous TIA/Stroke (1.3%), followed by the
South (prior MI at 0.9%, prior TIA/Stroke at 1.3%).
The Northeast had the highest percentage of

young adult patients presenting to urban-teaching
hospitals (87.8%) whereas the South had the lowest
(73.8%). Both the Northeast and the West had the
lowest percentage of patients presenting to rural
hospitals (3.8%), vs the Midwest (10%) which had
the highest percentage.
The South had the highest and the Northeast

had the lowest rates of MACE (2.9% vs 2.3%) and
stroke (1.0% vs 0.8%). The incidence of acute
myocardial infarction was high for the South and
Midwest regions at 1.1%. All-cause mortality was
highest among South and West regions (0.7%)
[See Fig. 1]. When non-elective young adult ad-
missions were adjusted for confounders, both the
South and the West had higher odds of MACCE
compared to the Northeast; South vs Northeast
(aOR1.16, 95%CI 1.07e1.26, p < 0.001), West vs.
Northeast (aOR 1.22, 95%CI 1.12e1.33, p < 0.001)
regardless of primary cause of hospitalizations
[Table 1].

4. Discussion

This study demonstrates the South as the most
racially diverse region with the highest prevalence
of cardiovascular risk factors and the highest inci-
dence of MACCE in non-electively hospitalized
young adults. The Midwest had the highest preva-
lence of tobacco consumption and prior histories of
MI, TIA and stroke. After adjusting for covariates,
young adult non-elective admissions in the West

followed by the South had the highest odds of
MACCE when compared to the Northeast.
Between 1969 and 2011, CVD mortality rates have

declined at a faster pace in the Northeast as
compared to the Southern regions. Nonetheless,
regional disparities were evident even in 1969, as
the mortality rate was 9% higher in the Southeast
than in New England, but notably, this difference
increased such that the difference in the mortality
rate between these two areas was 22% in 1990 and
48% in 2011. Over that period, there was an increase
in the relative risk of cardiovascular mortality for the
Southern regions in comparison to New England
and mountainous regions, even after adjusting for
covariates. In 2011, the Southeastern states such as
Alabama or Mississippi had the highest cardiovas-
cular mortality rates. Thus, the absolute disparities
in the State level CVD mortality as measured by the
interquartile range and absolute mean deviation
decreased over time, but the relative disparities in
State level CVD mortality have widened.1

Whilst the present study did not demonstrate
trends in Cardiovascular mortality or Cardiovascu-
lar risk factors and outcomes, the results from the
National inpatient sample in 2019 are concordant
with the above trends where non-elective young
adult admissions from the South have maintained
the highest incidence of adverse outcomes and all-
cause mortality on the background of the highest
prevalence of Cardiovascular risk factors.
The causes for regional disparities could be

related to relative area deprivation, established
cardiovascular risk factors such as smoking, high
Body mass index, sedentary lifestyle, glucose

Figure 1. Nationwide frequency of adverse cardiovascular events in young non-elective hospitalizations, 2019.
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intolerance/diabetes prevalence, urban lifestyle,
racial/ethnic composition and lack of access to pri-
mary medical care and health insurance, and can
account for more than 50% of variance by county as
shown previously. Singh et al., illustrated that CVD
mortality rates were 18% higher in counties with
high smoking rates (>36%) when compared to areas
with less smoking (<12%). Counties with obesity
rates of more than 40% had 54% higher CVD mor-
tality and counties with a diabetes prevalence >14%
had a 19% higher CVD mortality. Furthermore,
persons in the most deprived counties had 15%
higher CVD mortality than those in the most
affluent counties.1 From the foregoing, it is evident
that behavioral risk factors account for the vast
majority of cardiovascular events and deaths.6 The
geographical disparities of cardiovascular deaths
may be understood in the context of the geograph-
ical distribution of these cardiovascular risk factors.
This present study highlights the significance of the
geographical distribution of cardiovascular risk
factors such as smoking, obesity, hypertension, and
diabetes that helps explain the regional disparities
of CVD events and mortality.
Our study demonstrated that the South, the re-

gion with the highest incidence of major adverse
cardiovascular and cerebrovascular events had the
lowest rates of Medicaid enrollment and utilization
of private HMOs. This region also had the highest
rates of self-pay of all regions. Interestingly, our
study also revealed that the South had the lowest
percentage of Urban teaching hospitals listed as
designated sites of healthcare delivery. Thus, both
the factors including primary expected payer and
teaching-hospital status could explain the high
incidence of MACCE in the South.
The relative increase in cardiovascular risk factors

in the South7 leads to an examination of the relative
racial diversity that could be found in this region.
From our study, the South had the highest per-
centage of African Americans. Graham et al., in an
examination of the disparities of CVD risk in the
United States, examined the CVD risk in African
American communities.2 There was a dispropor-
tionate rate of cardiovascular disease in the US Af-
rican-American population; with the subgroup
having a higher burden of myocardial infarction,
heart failure, stroke and other cardiovascular
events.8 Further, on a population level, there was a
higher overall prevalence of risk factors that go
unrecognized and untreated with a higher likeli-
hood of adverse outcomes and potentially higher
morbidity and mortality.9 For instance, African-
Americans have the highest rates of hypertension in
the world.10 Among various minority population

groups; African-American men have the highest
overall death rate from cardiovascular disease and
African-American women have higher overall
deaths related to cardiovascular disease than white
women.11,12 Deaths occur much earlier in African-
American individuals than their white counterparts
and even after consideration of modifiable health
behaviors, racial and ethnic differences stood as the
underlying reason for these disparities.13,14 More-
over, this group is less likely to receive treatment
and less likely to achieve control of Cardiovascular
risk factors.15 This helps us to understand that the
geographical distribution of certain racial and ethnic
groups with possible underlying genetic predispo-
sition and cardiovascular risk factors may itself be
an explanation for geographical variation or
regional disparities in cardiovascular events in
young adult (18e44 yrs) non-elective admissions in
the United States.
This study derives its data from the national

inpatient sample database therefore, it is anticipated
it would be truly reflective of current epidemiolog-
ical patterns. This database is also sponsored by the
Healthcare Cost and Utilization project and main-
tained by the Agency for Healthcare Research and
Quality making it a well-trusted and reliable source.
Despite establishing current regional healthcare
disparities, this study did not establish the yearly
trend over the last 10 years. Therefore, we are not
able to determine whether there have been any
changes to the yearly trends as determined by Singh
et al. This information would be informative in the
establishment of public health strategies to address
the current disparities that exist. This study also
didn't include data regarding cardiovascular mor-
tality which excludes the possibility of comparisons
with other studies which take into account the
trends in Cardiovascular mortality. The primary
discharge diagnosis was not considered and there
was no long-term follow-up. There were no lab
parameters or medication data included. The caus-
ative role in non-elective admissions and MACCE
could not be established and the variation in triage
and hospital transfer policies on outcomes could not
be evaluated. More prospective studies are war-
ranted to track and follow outcomes in emergent
young adult admissions.

5. Conclusions

The regional disparity in the distribution of car-
diovascular risk factors and adverse cardiovascular
outcomes have a complete etiological basis which is
still actively investigated. This study demonstrates
that the South has the highest rates of cardiovascular
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risk factors and adverse cardiovascular events in non-
elective young adult admissions aged 18e44 yrs as
compared to the Northeast. The results of this
investigation may yield vital information in the
reduction of underlying health inequality and com-
plex behavior which may put individuals in certain
regions at risk over others, and the possibility of
eliminating the relative risk that may be conferred by
race/ethnicity.
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