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Objectives: The variation in the management and outcome of acute myocardial infarction (AMI) between rural
and urban settings has been previously recognized, but there has previously been no nationwide data reported
that is inclusive of the whole adult population.
Methods: All discharge records between 2004 and 2018 with AMI diagnosis were extracted from the National In-
patient Sample (NIS) database and stratifiedbyhospital location. The primary outcomewas in-hospitalmortality,
and secondary outcomes included (a) major adverse cardiovascular and cerebrovascular events (MACCE),
(b) major bleeding, (c) acute ischemic stroke, the utilization of invasive management in the form of
(d) coronary angiography (CA), and (e) percutaneous coronary intervention (PCI). The adjusted odds ratios
(aOR) and 95 % confidence interval (95 % CI) were determined using multivariable logistic regression.
Results: 9,728,878 records with AMIwere identified, of which 1,011,637 (10.4 %) dischargeswere from rural hos-
pitals. Rural patients were older (median of 71 years vs. 67 years, p < 0.001) and had lower prevalence of the
highest risk presentations of AMI than their urban counterparts. After multivariable adjustment, patients from
rural hospitals had increased aOR of all-cause mortality (aOR 1.15 95 % CI 1.13–1.16) and MACCE (aOR 1.04 95
% CI 1.04–1.05), as well as the decreased aOR of coronary angiography (aOR 0.29, 95 % CI 0.29–0.29, p < 0.001)
and PCI (aOR 0.40, 95 % CI 0.39–0.40, p < 0.001), compared to their urban counterparts.
Conclusion: Between 2004 and 2018, the risk of in-hospital mortality and MACCE in AMI patients was signifi-
cantly higher in rural hospitals, with considerably lower utilization of invasive angiography and revasculariza-
tion.

© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Rural communities include 19.3 % of the U.S. population [1]. Inhabi-
tants of rural areasmay be at disadvantage when it comes to cardiovas-
cular health as highlighted recently in the American Heart Association
(AHA) presidential advisory [2]. Specifically, rural-urban disparities in
relation to myocardial infarction patient care and outcome have been
reported in the last three decades. For example, rural patients with
acute myocardial infarction (AMI) had at least 14 % higher mortality in
comparison to their urban counterparts [3]. Even in the early years of
this millennia, there was documented under provision of even basic
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guideline-directed medical therapies (GDMT), such as aspirin, for
these patients [4].

Fortunately, these inequalities between rural and urban application
of medical treatment have narrowed over the last decade [5], allowing
more focus on the interventional aspect of AMI care. A recent large
study, based on elderly Medicare beneficiaries (65 years or older
only), demonstrated a significantly lower utilization of coronary angiog-
raphy (CA) and revascularization, and a higher adjusted short-term
mortality (hazard ratio of 1.10, 95 % confidence interval [CI]
1.08–1.12) following AMI in the rural settings compared to urban [6].
However, this study did not include an overall rural population and is
not representative of payers other than Medicare nor patients below
65 years of age, containing an inherent limitation to its design.

Large, more inclusive, studies based on the National Inpatient Sam-
ple (NIS) database have reported the rural-urban variation in mortality
and the use of invasive procedures in the management of two specific
subsets of AMI patients in the form of cardiac arrest and cardiogenic
the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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shock [7,8]. However, to our knowledge, there has been no national, all
payer, comprehensive and contemporary study that inspected the rural
versus urban association with clinical outcomes in all adult AMI pa-
tients, which is the objective of this paper.

2. Methods

2.1. National inpatient sample database

This study used the discharge information from the National Inpa-
tient Sample (NIS) database which is one of several databases devel-
oped by the Healthcare Cost and Utilization Project (HCUP) via
sponsorship from Agency for Healthcare Research and Quality (AHRQ)
[9]. The NIS is the largest publicly available inpatient database, and
covers >97 % of the U.S. population and approximates a 20 % stratified
sample of discharges from community hospitals excluding long-term
acute care and rehabilitation hospitals. The database uses the Core
Based Statistical Area (CBSA) to categorize hospitals located in micro-
politan CBSA and non-core areas as ruralwhile those situatedmetropol-
itan CBSA as urban. An urban hospitalwas classified as teaching hospital
if it had at least one residency program accepted by the Accreditation
Council for GraduateMedical Education (ACGME), had residents and in-
terns to beds ratio of at least 0.25, or heldmembership of the Council of
Teaching Hospitals (COTH).

2.2. Study sample

All discharge records with the diagnosis of acute myocardial infarc-
tion (AMI) from NIS database in the period between 2004 and 2018
were identified using the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) codes and their Tenth Revi-
sion (ICD-10-CM), as appropriate. The sample was then stratified
based on the location into rural and urban hospitals. Urban hospitals
were further stratified into teaching and non-teaching centres for sensi-
tivity analysis. A total of 37,456 records (0.4 %) were excluded from the
study due to missing data and/or patient age being <18 years (Supple-
mentary Fig. S1, study flow diagram).

Similarly, all procedures and diagnosis were identified using ICD-9-
CM or ICD-10-CM, as appropriate. A complete list of the codes used, in-
cluding those used to detect morbidities and outcomes, can be found in
Supplementary Table S1. The Strengthening The Reporting of Observa-
tional Studies in Epidemiology (STROBE) checklist was included in Ap-
pendix A to improve the quality of this observational study.

2.3. Outcomes

In-hospital mortality is the primary clinical outcome of this study.
Secondary clinical outcomes included (a) major adverse cardiovascular
and cerebrovascular events (MACCE; comprising of all-cause mortality,
acute ischemic stroke and reinfarction), (b) major bleeding (defined as
haematemesis, melaena, gastrointestinal haemorrhage, nontraumatic
intracranial haemorrhage, and unspecified haemorrhage), and
(c) acute ischemic stroke. In addition, the utilization of invasive man-
agement in the form of (d) invasive coronary angiography (CA),
(e) percutaneous coronary intervention (PCI) were also included as sec-
ondary endpoint. Finally, the length of stay and the total charges in USD
were evaluated as outcomes of interest. Sensitivity analyses were con-
ducted to investigate aforementioned outcomes based on the teaching
status of urban hospitals, and AMI type.

2.4. Statistical analysis

All statistical analyses were done using IBM SPSS statistics software
version 26. As advised by HCUP, estimation of the total number of dis-
charges was completed using sample weighting. Numerical variables
are presented as median with interquartile range (IQR), whereas
2

categorical variables are presented as percentages. Mann–Whitney U,
Kruskal Wallis, or Pearson's chi square tests were used for variables
comparison, as suitable. Multivariable binomial logistic regression
models were employed to study the association of hospital location sta-
tus and outcomes, and were presented as adjusted odds ratios (aOR)
with their corresponding 95 % CI. The models were adjusted for: age,
sex, weekend admission, bed size of hospital, ST-elevation myocardial
infarction (STEMI), cardiogenic shock, cardiac arrest, atrial fibrillation,
dyslipidaemia, thrombocytopaenia, smoking, previous PCI, previous
coronary artery bypass grafting (CABG), previous cerebrovascular acci-
dent (CVA), anaemia, heart failure, valvular heart disease, hypertension,
peripheral artery disease, diabetes, chronic lung disease, coagulopathy,
dementia, liver disease, chronic kidney disease, and metastatic disease.

3. Results

A total of 9,728,878 records with AMI were included in the study.
Discharges from urban hospitals were responsible for the majority
(89.6 %) of the cases (Table 1). Teaching urban hospitals represented
52 % of all the sample, while non-teaching urban centers accounted
for 37.6 % (Supplementary Table 2).

3.1. Baseline characteristics

Compared to urban hospitals, rural AMI patientswere older (median
of 71 years vs. 67 years, p< 0.001) and more likely to be female (44.9 %
vs 39.0 %, p<0.001) and of white ethnicity (87.6 % vs 74.4 %, p < 0.001).
In addition, rural patients had a higher prevalence of atrial fibrillation
(16.4 % vs. 16.3 %, p < 0.001), heart failure (32.4 % vs. 31.0 %, p <
0.001), peripheral arterial disease (8.9 % vs. 8.7 %, p < 0.001), chronic
pulmonary disease (24.5 % vs. 20.1 %, p < 0.001), previous CABG (10.4
% vs. 9.9 %, p < 0.001), dementia (7.5 % vs. 5.4 %, p< 0.001), and metas-
tatic cancer (0.9 % vs. 0.8 %, p < 0.001) compared to those from urban
centres (Table 1).

Urban hospital patients had a greater proportion of documented
STEMI (26.9 % vs. 19.6 %, p < 0.001), cardiogenic shock (5.3 % vs. 2.9 %,
p < 0.001), cardiac arrest (3.0 % vs. 2.2 %, p < 0.001), ventricular tachy-
cardia (VT) (6.1 % vs. 3.8 %, p < 0.001), and ventricular fibrillation (VF)
(2.8 % vs. 1.5 %, p < 0.001). Furthermore, they had more prevalent co-
morbidities such as dyslipidaemia (58.2 % vs. 49.1 %, p< 0.001), throm-
bocytopenia (3.7 % vs. 2.3 %, p < 0.001), smoking (29.4 % vs. 25.9 %, p <
0.001), previous PCI (13.1 % vs. 10.5 %, p < 0.001), anaemias (16.2 % vs.
14.0 %, p< 0.001), valvular disease (1.8 % vs. 1.3 %, p<0.001), hyperten-
sion (65.4 % vs. 62.7 %, p < 0.001), coagulopathy (4.9 % vs. 2.9 %, p <
0.001), chronic liver disease (1.6 % vs. 1.1 %, p < 0.001), and chronic
renal failure (17.9 % vs. 16.6 %, p < 0.001) compared to those from
rural hospitals. In addition, non-Medicare/Medicaid patients accounted
for 37.2 % of the records in urban hospitals compared to 28 % in rural
centres (Table 1).

3.2. Clinical outcomes

Analysis of crude, unadjusted data demonstrates higher all-cause
mortality (5.9 % vs. 5.2 %, p < 0.001) and MACCE (8.8 % vs. 8.2 %, p <
0.001) in rural hospitals compared to urban centres. In contrast, urban
hospitals had higher rates of utilization of both coronary angiography
and PCI (66.4 % vs. 38.8 %, p < 0.001; 44.7 % vs. 24.5 %, p < 0.001; for
CA and PCI respectively). Similarly, there were higher rates of major
bleeding (2.4 % vs. 2.2 %, p < 0.001) and ischemic stroke (3.0 % vs. 2.8
%, p<0.001) in urban hospital versus rural centres (Table 2 and Supple-
mentary Fig. 2.A). In comparison to rural hospitals, urban centres had
longer length of stay (median of 3 days vs. 2 days, p<0.001) and higher
total charges (median of $49,435 vs $19,389, p < 0.001) (Table 2).

Aftermultivariable adjustments for confoundingpatient characteris-
tics, patients from rural hospitals had a higher all-cause mortality (aOR
1.15, 95 % CI 1.13–1.16, p < 0.001) and MACCE (aOR 1.04, 95 % CI



Table 1
Baseline patient characteristics.

Characteristics Urban hospitals
(N =
8,717,241; 89.6
%)

Rural hospitals
(N =
1,011,637; 10.4
%)

P-value

Age (years), median (IQR) 67 (57–78) 71 (59–82) <0.001
Female sex, % 39.0 44.9 <0.001
Ethnicity, % <0.001
White 74.4 87.6
Black 10.8 6.4
Hispanic 8.5 2.7
Asian/Pacific Islander 2.6 0.7
Native American 0.5 1.2
Other 3.3 1.5

Weekend admission, % 25.9 26.1 <0.001
Primary expected payer, % <0.001
Medicare 55.6 66.2
Medicaid 7.2 5.8
Private Insurance 28.3 19.8
Self-pay 5.6 5.1
No charge 0.6 0.2
Other 2.7 2.9

Median household income
(percentile), %

<0.001

0–25th 26.9 53.5
26th–50th 26.5 34.5
51st-75th 25.1 10.1
76th–100th 21.4 1.9

Bed size of hospital, % <0.001
Small 12.6 10.5
Medium 27.7 13.7
Large 59.7 75.8

Hospital region, % <0.001
Northeast 19.7 13.9
Midwest 22.0 29.6
South 39.2 48.0
West 19.1 8.5

Record characteristics, %
STEMI 26.9 19.6 <0.001
Cardiogenic shock 5.3 2.9 <0.001
Cardiac arrest 3.0 2.2 <0.001
Ventricular tachycardia 6.1 3.8 <0.001
Ventricular fibrillation 2.8 1.5 <0.001

Comorbidities, %
Atrial fibrillation 16.3 16.4 <0.001
Dyslipidaemia 58.2 49.1 <0.001
Thrombocytopenia 3.7 2.3 <0.001
Smoking 29.4 25.9 <0.001
Previous PCI 13.1 10.5 <0.001
Previous CABG 9.9 10.4 <0.001
Previous CVA 4.9 4.5 <0.001
Anaemias 16.2 14.0 <0.001
Heart failure 31.0 32.4 <0.001
Valvular disease 1.8 1.3 <0.001
Hypertension 65.4 62.7 <0.001
Peripheral artery disease 8.7 8.9 <0.001
Diabetes mellitus 34.0 33.4 <0.001
Chronic pulmonary disease 20.1 24.5 <0.001
Coagulopathy 4.9 2.9 <0.001
Dementia 5.4 7.5 <0.001
Chronic liver disease 1.6 1.1 <0.001
Chronic renal failure 17.9 16.6 <0.001
Metastatic cancer 0.8 0.9 <0.001

Abbreviations: CABG – Coronary Artery Bypass Graft; CVA – Cerebrovascular Accidents;
IHD – Ischemic Heart Disease; IQR – Interquartile Range; PCI – Percutaneous Coronary In-
tervention; STEMI – ST-elevation Myocardial Infarction.

Table 2
Unadjusted utilization of invasive management and in-hospital clinical outcomes.

Characteristics Urban hospitals (N
=
8,717,241; 89.6 %)

Rural hospitals (N
=
1,011,637; 10.4 %)

P-value

Invasive management, %
CA 66.4 38.8 <0.001
PCI 44.7 24.5 <0.001

Clinical outcomes, %
All-cause mortality 5.2 5.9 <0.001
MACCE 8.2 8.8 <0.001
Major bleeding 2.4 2.2 <0.001
Ischemic stroke 3.0 2.8 <0.001
Length of stay (days), median
(IQR)

3 (2–6) 2 (1–4) <0.001

Total charges (USD), median
(IQR)

49,435
(26,234-86,760)

19,389
(8864-43,154)

<0.001

Abbreviations: CA– Coronary angiography; IQR – Interquartile Range;MACCE–Major Ad-
verse Cardiac and Cerebrovascular Events (composite of mortality, acute ischemic stroke
and reinfarction); PCI – Percutaneous Coronary Intervention; USD – United States Dollar.

Table 3
Adjusted odds ratios (aOR) of rural invasive management and in-hospital clinical out-
comes.

Characteristics Rural hospitals
aOR [95 % CI]

P-value

Invasive management
CA 0.29 [0.29–0.29] <0.001
PCI 0.40 [0.39–0.40] <0.001

Clinical outcomes
All-cause mortality 1.15 [1.13–1.16] <0.001
MACCE 1.04 [1.04–1.05] <0.001
Major bleeding 0.91 [0.90–0.92] <0.001
Ischemic stroke 0.86 [0.85–0.87] <0.001

Reference group: Urban hospitals.
Abbreviations: aOR – Adjusted Odds Ratios; CA – Coronary angiography; CI – Confidence
Interval;MACCE –Major Adverse Cardiac and Cerebrovascular Events (composite of mor-
tality, acute ischemic stroke and reinfarction); PCI – Percutaneous Coronary Intervention.
Multivariable analysis – the following variables were adjusted for: age, sex, weekend ad-
mission, bed size of hospital, STEMI, cardiogenic shock, cardiac arrest, atrial fibrillation,
dyslipidaemia, thrombocytopaenia, smoking, previous PCI, previous coronary artery by-
pass grafting, previous CVA, anaemia, heart failure, valvular heart disease, hypertension,
peripheral artery disease, diabetes, chronic lung disease, coagulopathy, dementia, liver
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1.04–1.05, p < 0.001) (Table 3 and Fig. 1). In addition, utilization of in-
vasive management remains significantly lower in the rural settings
(aOR 0.29, 95 % CI 0.29–0.29, p < 0.001; aOR 0.40, 95 % CI 0.39–0.40, p
<0.001; for CA and PCI respectively). Similarly, the odds ofmajor bleed-
ing (aOR 0.91, 95 % CI 0.90–0.92, p < 0.001) and ischemic stroke (aOR
0.86, 95 % CI 0.85–0.87, p < 0.001) were lower in rural hospitals
(Table 3).
3

3.3. Sensitivity analysis by urban hospitals teaching status

The unadjusted rates of all-cause mortality and MACCE were higher
in non-teaching urban hospitals (5.3 % and 8.5 %, respectively) com-
pared to teaching urban centres (5.1 % and 8.0 %, respectively) but re-
mained significantly lower than that of rural hospitals (5.9 % and 8.8
%, respectively, p< 0.001 for both) (Supplementary Table 3 and Supple-
mentary Fig. 2.B). On the other hand, urban teaching hospitals had the
highest utilization of invasive management in the form of CA (60.6 %
vs. 70.7 % vs. 38.8 %, p < 0.001; for non-teaching vs. teaching vs. rural,
respectively) and PCI (39.6 % vs. 48.4 % vs. 24.5 %, p < 0.001; for non-
teaching vs. teaching vs. rural, respectively) compared to urban non-
teaching and rural centres. Similarly, the incidence of major bleeding
was highest in teaching hospitals (2.4 %) followed by non-teaching
(2.3 %) and rural hospitals (2.2 %) (p< 0.001). Urban non-teaching cen-
tres had the highest rates of ischemic stroke (3.1 % vs. 2.9 % vs. 2.8 %, p<
0.001; for non-teaching vs. teaching vs. rural, respectively) (Supple-
mentary Table 3 and Supplementary Fig. 2.B).
3.4. Sensitivity analysis by AMI type

In comparison to urban centres, the adjusted mortality remained
higher in rural hospitals regardless of AMI type, with both non-ST-
disease, chronic kidney disease, metastatic disease.



Fig. 1. Adjusted odds ratios (aOR) of invasive management and in-hospital clinical outcomes in rural hospitals.
*Reference group: Urban hospitals.
Abbreviations: aOR – Adjusted Odds Ratios; CA – Coronary angiography; CI – Confidence Interval; MACCE –Major Adverse Cardiac and Cerebrovascular Events (composite of mortality,
acute ischemic stroke and reinfarction); PCI – Percutaneous Coronary Intervention.
Multivariable analysis – the following variables were adjusted for: age, sex, weekend admission, bed size of hospital, STEMI, cardiogenic shock, cardiac arrest, atrial fibrillation,
dyslipidaemia, thrombocytopaenia, smoking, previous PCI, previous coronary artery bypass grafting, previous CVA, anaemia, heart failure, valvular heart disease, hypertension, peripheral
artery disease, diabetes, chronic lung disease, coagulopathy, dementia, liver disease, chronic kidney disease, metastatic disease.
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elevation myocardial infarction (NSTEMI) and STEMI patients showing
a higher mortality in rural centres (aOR 1.17, 95 % CI 1.15–1.18, and
aOR 1.11, 95 % CI 1.09–1.13, respectively, p < 0.001 for both) than
those in urban centres (Supplementary Table 4). Likewise, the higher
risk of MACCE in rural hospitals persisted irrespective of AMI type
(aOR 1.06, 95 % CI 1.04–1.08, p < 0.001; aOR 1.04, 95 % CI 1.03–1.05, p
< 0.001; for STEMI and NSTEMI respectively). On the other hand, the
chances of having CA and PCI in rural centres continued to be lower
across the AMI types (NSTEMI: aOR 0.29, 95 % CI 0.29–0.29, p < 0.001;
aOR 0.38, 95 % CI 0.38–0.39, p < 0.001; for CA and PCI respectively),
(STEMI: aOR 0.32, 95 % CI 0.31–0.32, p < 0.001; aOR 0.44, 95 % CI
0.43–0.44, p < 0.001; for CA and PCI respectively). Similarly, the risk
of major bleeding and ischemic stroke continued to be significantly
lower in rural setting in comparison to urban hospitals, irrespective of
AMI category (Supplementary Table 4).

3.5. Trend analysis

From 2004 to 2018, the utilization of invasive management for AMI
patients has steadily increased, particularly in rural hospitals, where the
rate of coronary angiography in AMI patients had at least doubled, but
lagged behind urban centres (Fig. 2.A). A similar increase in PCI is
seen, but again remained lower than in urban centres (Fig. 2.B). There
is a progressive reduction in-hospital all-cause crude mortality rates in
rural centres (Fig. 3), so that the adjusted odds ratio for all-cause mor-
tality in rural hospital (in comparison to urban centres) lose its statisti-
cal significance in the last 2 years of the sample (Supplementary Fig. 3).

4. Discussion

This national analysis details the management of AMI patients from
a national perspective, comparing rural and urban healthcare settings,
and highlights several important disparities in the process of care and
clinical outcomes across the two settings. First, rural centres had overall
4

a 15 % relatively higher in-hospital mortality for AMI patients. Second,
the utilization of invasive management in rural hospital patients re-
mains significantly lower than for their urban counterparts. Third,
these differences were present irrespectively of the AMI type. Finally,
the trend of rural-urban disparity in invasive management and in-
hospital mortality has gradually attenuated over the study years.

In this study, we observed that the reported rate of high-risk AMI
presentations (STEMI, cardiogenic shock, cardiac arrest, VT, VF)was sig-
nificantly higher in urban centres. This could theoretically reflect a pre-
hospital survival advantage in these areas, especially when taking into
consideration factors that are known to be associated with increased
mortality in AMI, such as (a) the lower availability of paramedics and
advanced life support in rural regions, together with (b) the distance
to interventional centre [10,11]. It is possible that it also reflects a
lower detection and reporting rate in rural centres. Regardless, it is in-
teresting that despite a higher proportion of high-risk presentations at
urban centres, the risk of mortality was persistently higher in rural hos-
pitals until 2017–2018, afterwhich is has steadily declined. Thismay re-
flect more effective and coordinated transfers to facilitate the access of
rural patients to interventional facilities [12].

The overall risk of MACCE in the current study was 4 % relatively
higher in rural hospitals, despite the fact that the stroke risk was 14 %
lower in this setting compared to urban centres. This lower risk of ische-
mic stroke and the 9 % relatively lower risk of major bleeding may be a
reflection of the 71 % lower chance of having invasive coronary angiog-
raphy and 60 % lower chance of having PCI in rural hospitals, given the
previously well documented association of acute ischemic stroke and
major bleed with invasive management [13–15].

While this analysis demonstrated a declining in-hospital mortality
for AMI patients presenting to rural hospitals after 2016, Loccoh et al.
based on Medicare hospitalization between 2016 and 2018, showed
persisting higher 30 days mortality (hazard ratio of 1.10, 95 % CI
1.08–1.12) with comparable results at 90 days [6]. When taking these
reports in the context of this analysis findings, this could imply that



Fig. 2. Trend analysis of unadjusted utilization of invasive management: A. Coronary angiography (Linear-by-Linear Association P value <0.001); B. Percutaneous coronary intervention
(Linear-by-Linear Association P value <0.001).
Abbreviations: Cath – Coronary Angiography; PCI - Percutaneous Coronary Intervention.
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rural hospitals did improve in stabilising patients to the point of hospital
discharge, however the vast significantly lower implementation of inva-
sive treatment is taking its toll later down the line.

Previous nationwide studies on the rural-urban differences in out-
come of specific subgroups of AMI patient are variable. Patients with
cardiogenic shock and AMI were found to have a lower mortality in
urban teaching hospitals (aOR 0.87, 95 % CI 0.84–0.91, p < 0.001) com-
pared to rural centres between 2000 and 2014 [8], which is in line with
the general findings of this paper. On the other hand, thosewith cardiac
arrest complicating AMI appeared to be fare better in rural centres than
in urban teaching hospitals (In-hospital mortality aOR 1.36, 95 % CI
1.32–1.39, p < 0.001) in another NIS study [7], however this is likely
due to more severe cases surviving to hospital presentation in the
urban compared to the rural settings as discussed above. A recently pub-
lished analysis from the 2016 NIS database found no difference in ad-
justed in-hospital mortality between rural and urban centres
following PCI [16]. However, there are three caveats in comparison to
5

this paper. First, the 2016 analysis included all-comers for PCI which
may indicate distinct rural-urban outcomes across chronic coronary
syndrome and AMI patients in the context of this study. Second, unlike
the 2016 study in which all its population had PCI, this analysis focused
on the rural-urban disparity in the utilization of invasive AMI manage-
ment in the first place which is an established modifier of clinical out-
comes. Finally, this analysis included much broader time period and
substantially larger sample size. The findings of this paper add to the
growing evidence of rural-urban disparities in cardiovascular health. A
great increase in the utilization of invasive management in rural hospi-
tals was realised in the last 15 years but the discrepancy between rural
and urban levels of care remains important according to this work. This
study supports the AHA intention to expand its quality improvement re-
sources, such as Mission: lifeline, among others, to the rural communi-
ties [17]. In addition, it draws the attention to one of the major goals
of the Centres of Disease Control and prevention (CDC) healthy people
initiative for the decade to “Eliminate health disparities, achieve health



Fig. 3. Trend analysis of unadjusted in-hospital mortality (Linear-by-Linear Association P value <0.001).
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equity, and attain health literacy to improve the health and well-being of
all” [18]. The concept that provision of healthcare for the same condition
varies depending upon the geographical location of the patient remains
deeply uncomfortable. This paper should help raise the awareness of cli-
nicians practicing in both rural and urban centres with regards to AMI
management expectations in each setting and help them empathise
and facilitate the coordination of these patient access to interventional
institutes. It also raises the need to establish more inclusive research
that includes pre-hospital outcome of AMI to unmask a possible rise in
rural demises prior to hospital presentation that could partially account
for the apparent in-hospital decline in mortality.

There are some important limitations in this study. First, by relying
on discharge records and ICD-9/10 coding, the NIS database is suscepti-
ble to miscoding and incomplete information entry which are unmea-
surable in this paper. Furthermore, there would be no way of
detecting a degree of reporting bias, for example, if cardiogenic shock
diagnosis wasmade and reported more readily at an urban centre com-
pared with a rural one. Second, patients' regular medications, medical
therapies given prior to hospitalization (such as thrombolysis), comor-
bidities severity, and tests results are not captured by the NIS database
and could not be accounted for their effect on outcomes. Third, this anal-
ysis is based on inpatient database only and does not take into consider-
ation that some AMI patients might have not survived to presentation,
especially in the rural setting where driving to the nearest PCI capable
centre can take >2.5 times (median) that in the urban setting [19].
Fourth, and by the same token, we do not have the ability to report lon-
ger term outcomes.

In conclusion, between 2004 and 2018, AMI patientsmanaged in the
rural hospitals had higher in-hospitalmortality, with significantly lower
utilization of invasive management. These finding support the need for
change in health policies to address the rural-urban disparities in car-
diovascular health.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.carrev.2022.08.023.
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