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Abstract

Background: US policy efforts have focused on reducing rural-urban health inequities. 

However, it is unclear whether gaps in care and outcomes remain among older adults with acute 

cardiovascular conditions.

Objective: To evaluate rural-urban differences in procedural care and mortality for acute 

myocardial infarction (AMI), heart failure (HF), and ischemic stroke.

Methods: Retrospective cross-sectional study of Medicare fee-for-service beneficiaries aged ≥65 

years with acute cardiovascular conditions from 2016 to 2018. Cox proportional hazards model 

with random hospital intercepts were fit to examine the association of presenting to a rural (vs. 

urban) hospital and 30- and 90-day patient-level mortality.

Results: There were 2,182,903 Medicare patients hospitalized with AMI, HF, or ischemic stroke 

from 2016–2018. Patients with AMI were less likely to undergo cardiac catherization (49.7% 

vs. 63.6%, p<0.001), PCI (42.1% vs. 45.7%, p<0.001) or CABG (9.0% vs. 10.2%, p<0.001) 

within 30 days at rural vs. urban hospitals. Thrombolysis rates (3.1% vs. 10.1%, p<0.001) and 

endovascular therapy (1.8% vs. 3.6%, p<0.001) for ischemic stroke were lower at rural hospitals. 

After adjustment for demographics and clinical comorbidities, the 30-day mortality hazard ratio 

(HR) was significantly higher among patients presenting to rural hospitals for AMI (HR 1.10, 

95% CI 1.08–1.12), HF (1.15, 95% CI 1.13–1.16), and ischemic stroke (1.20, 95% CI 1.18–1.22), 

with similar patterns at 90 days. These differences were most pronounced for the subset of critical 

access hospitals that serve remote, rural areas.
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Conclusions: Clinical, public health, and policy efforts are needed to improve rural-urban gaps 

in care and outcomes for acute cardiovascular conditions.

Condensed Abstract

In this national study of Medicare beneficiaries aged 65 years or older in the US, there were 

significant rural-urban differences in procedural care and mortality for AMI, HF, and ischemic 

stroke between 2016 and 2018. Patients initially presenting to rural hospitals were less likely to 

receive important procedures and treatments for AMI and ischemic stroke. Mortality at 30- and 

90-days was significantly higher among beneficiaries presenting to rural hospitals for all three 

conditions compared to urban hospitals. These differences were most pronounced for the subset of 

critical access hospitals that serve remote, rural areas. Policy and clinical efforts are urgently 

needed to improve rural-urban gaps in care delivery and outcomes for acute cardiovascular 

conditions.
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Introduction

In the United States, cardiovascular mortality rates are higher in rural areas compared with 

urban areas. (1, 2) Rural residents face numerous challenges that affect their cardiovascular 

health, including poor access to healthcare services for urgent conditions and lower 

quality care. (3) For acute cardiovascular conditions in particular, data from the early 

2000s suggest that older adults admitted to rural hospitals have higher mortality rates 

than their urban counterparts. (4–8) Although public health and policy efforts to improve 

rural health have intensified over the past decade, recent studies suggest that the gap in 

population-level cardiovascular mortality has widened between rural and urban areas of the 

US. (9–12) However, less is known about whether these patterns, at least in part, reflect 

ongoing disparities in hospital-level care for acute cardiovascular conditions, including 

acute myocardial infarction and stroke. (3) Rural adults hospitalized with cardiovascular 

conditions may receive lower quality hospital care and may also face increasing barriers in 

access to critical post-acute and rehabilitative care services after discharge due to declining 

rural healthcare infrastructure. (13–15) Regional systems of care and transfer protocols 

that rapidly route rural patients to better-resourced urban centers have proliferated, but 

it is unclear whether gaps in the delivery of time-sensitive procedural care remain. (16, 

17) In addition, more than 130 rural hospitals have closed since 2010, and rural adults 

may therefore now have worse access to timely care for emergent conditions such as 

acute myocardial infarction and stroke. (18–21) Given these patterns, there is an urgent 

need to understand current differences in care and outcomes for patients hospitalized with 

cardiovascular conditions in rural vs. urban areas, to inform clinical and policy strategies 

that aim to reduce rural-urban health inequities.

Therefore, in this study, we aimed to answer three questions. First, did treatment patterns 

and mortality differ for Medicare beneficiaries initially presenting to rural vs. urban 

hospitals with acute myocardial infarction, heart failure, or ischemic stroke between 
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2016 and 2018? Second, were these patterns related to differences in hospital resources/

capabilities and the delivery of procedural care? And third, were rural-urban differences in 

mortality more pronounced in specific geographic regions of the United States?

Methods

Institutional review board approval, including waiver of the requirement for participant 

informed consent, was provided by Beth Israel Deaconess Medical Center.

Study Population

We used 100% Medicare Provider Analysis and Review files to identify individuals aged 

65 years or older enrolled in Medicare fee-for-service (FFS) between January 1, 2016 and 

December 31, 2018 with a primary discharge diagnosis of acute myocardial infarction, heart 

failure, or ischemic stroke. The study cohorts were defined with International Classification 
of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM) codes used in the publicly 

reported measures. (22) Medicare denominator files were used to obtain information on 

demographic characteristics, patient-level poverty (defined by dual enrollment in Medicare 

and Medicaid), and mortality. (23) If a patient had more than one hospitalization for a given 

condition during the study period, the earliest event was selected. We linked transfers into 

a single episode of care. Outcomes were attributed to the first (transfer-out) hospital where 

patients presented. In other words, if a patient initially presented to a rural hospital and was 

then transferred to an urban hospital, treatments and outcomes were attributed to the rural 

hospital. Using the Medicare Institutional Outpatient files, we were able to link patients who 

were initially in Emergency Department (ED) or observation stays with their subsequent 

inpatient stays. The time zero for these patients started from the ED or observation stays.

Patient Characteristics

Patient characteristics included demographics (age, sex, race/ethnicity), dual-enrollment 

status, and clinical comorbidities. We obtained patient’s clinical comorbidities from two 

sources: 1) inpatient data based on the Elixhauser Comorbidity algorithm to identify 

comorbidities during the year prior to the index hospitalization and 2) the Chronic Condition 

Data Warehouse (CCW), to identify 27 common chronic conditions present one year prior 

to the index hospitalization. The CCW data gathers patient chronic conditions based on all 

available sources of the Medicare claims. (24, 25) Race/ethnicity was classified based on 

self-report using categories specified by Medicare at the time of Medicare enrollment. Race/

ethnicity was included as a covariate in the analysis because it is associated with mortality.

Definition of Rural and Urban Hospitals

To classify rural and urban hospitals, we used the 2010 rural-urban commuting area (RUCA) 

codes to identify whether a hospital was located in a rural or urban area. (26) Specifically, 

we assigned a hospital to the rural group if it was located in an area with a RUCA code equal 

to 4 or greater (eTable 1), consistent with prior studies. (26–28) Hospital characteristics were 

obtained from the 2018 American Hospital Association Survey data.
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Outcomes

The primary outcomes were 1) 30-day all-cause mortality rates and 2) 90-day all-cause 

mortality rates for acute myocardial infarction, heart failure, or ischemic stroke. We 

also evaluated cardiac catheterization and revascularization rates (percutaneous coronary 

intervention (PCI), coronary artery bypass graft surgery (CABG)) for acute myocardial 

infarction within 30 days of presentation and treatment rates (thrombolysis, endovascular 

therapy) for ischemic stroke (eTable 2).

Statistical Analysis

Baseline characteristics of Medicare patients with acute myocardial infarction, heart failure, 

or ischemic stroke at rural vs. urban hospitals were compared using two-sided t-tests and 

chi-squared tests. We then fit a Cox proportional hazards model with random hospital 

intercepts to examine the unadjusted the association between presenting to a rural (vs. urban) 

site and patient-level 30- and 90-day mortality for acute myocardial infarction (overall, 

non-STEMI, and ST-elevation MI), heart failure, and ischemic stroke. We then adjusted 

for patient demographics (age, sex, race/ethnicity, and poverty) and clinical comorbidities. 

Our multivariable adjusted model allowed us to account for individual risk factors and 

make inferences at the patient level about the association of presenting to a rural hospital 

with clinical outcomes, and represent our main findings. We then performed a mediation 

analysis that included additional variables in our models, including those that reflect 

hospital resources and capabilities (nurse staffing levels, presence of an intensive care unit, 

cardiology services) as well as treatment/procedure rates (e.g. PCI/CABG within 30 days 

of presentation for myocardial infarction), to understand whether these factors contributed 

to observed differences in rural vs. urban outcomes. We also repeated Cox model for 

30-day all-cause readmissions for patients initially admitted for heart failure, and accounted 

for competing risk of death using the Fine and Gray method. (29) We also included an 

interaction term in our models for race (white vs. non-white), site of presentation (rural vs. 

urban hospital), and outcomes. As a sensitivity analysis, we repeated our main analyses after 

excluding patients who were transferred (because the rate at which patients are transferred 

out is higher at rural hospitals). (30)

Additional Analyses

We performed several additional analyses. First, we examined geographic differences in 

the rural-urban association with clinical outcomes, by repeating our main analysis stratified 

by U.S. Census bureau regions. Second, within rural areas, we compared critical access 

vs. non-critical access rural hospitals. Hospitals eligible to become a critical access site 

must have 25 or fewer acute care inpatient beds, generally be located more than 35 miles 

from another hospital, and provide 24/7 emergency care services. (31) We performed this 

analysis because critical-access sites represent a subset of rural hospitals that deliver care 

to particularly remote communities and receive cost-based reimbursement to ensure their 

viability.

Statistical tests were 2-sided at a significance level of 0.05. Analyses were performed using 

SAS, version 9.4 64-bit (SAS Institute Inc., Cary, North Carolina). The study followed the 

guidelines for cohort studies, described in the Strengthening the Reporting of Observational 
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Studies in Epidemiology (STROBE) Statement: guidelines for reporting observational 

studies.

Results

Baseline Characteristics

The study cohort included 2,182,903 Medicare fee-for-service beneficiaries across 4,488 

hospitals, of which 2,375 were urban and 2,113 rural sites. There were 578,437 Medicare 

beneficiaries who were hospitalized for acute myocardial infarction, 1,031,522 for heart 

failure, and 572,944 for ischemic stroke, of which 98,878 (17.1%), 183,277 (17.8%), and 

89,922 (15.7%) presented to a rural hospital (Table 1).

Medicare beneficiaries with acute myocardial infarction at rural hospitals, compared with 

urban hospitals, were older (mean [SD] age, 77.8 [8.8] vs. 77.1 [8.7] years), more likely to 

be female (45.4% vs. 43.5%), more likely to be White (90.6% vs. 84.1%), and less likely 

to be Black adults (4.7% vs. 8.6%) (Table 1). These patterns were similar for patients with 

heart failure and ischemic stroke. Clinical comorbidities for patients at rural vs. urban sites 

are also shown in Table 1.

Treatment Patterns

Medicare beneficiaries at rural hospitals were less likely to receive procedural care than 

those in urban areas. For acute myocardial infarction, beneficiaries admitted to rural 

hospitals were less likely to undergo cardiac catheterization (49.7% vs. 63.6%, p<0.001), 

PCI (42.1% vs. 45.7%, p<0.001) and/or CABG (9.0% vs. 10.2%, p<0.001) within 30 days of 

initial presentation. Among beneficiaries with ischemic stroke, those at rural hospitals were 

less likely to undergo thrombolysis (3.1% vs. 10.1%, p<0.001) and endovascular therapy 

(1.8% vs. 3.6%, p<0.001) (Central Figure A, B).

30- and 90-Day Mortality

Observed mortality rates within 30 days of initial presentation was higher among 

beneficiaries at rural (vs. urban) hospitals for all three cardiovascular conditions (acute 

myocardial infarction 12.9% vs. 11.6%, p<0.001; heart failure 11.1% vs. 9.8%, p<0.001; 

ischemic stroke 14.9% vs. 13.1%, p<0.001). These patterns were similar for 90-day 

mortality (acute myocardial infarction 17.9% vs. 16.2%, p<0.001; heart failure 20.6% vs. 

19.0%, p<0.001; ischemic stroke 20.5% vs. 18.5%, p<0.001) (Central Figure C, D and 

eTable 3A).

After adjusting for demographics (age, sex, race, and poverty) and clinical comorbidities, 

mortality at 30 days among patients presenting to a rural hospital with acute myocardial 

infarction was higher than those at urban hospitals (hazard ratio [HR] 1.10, 95% confidence 

interval [CI] 1.08–1.12) (Figure 1A). Among those presenting with non-STEMI, 30-day 

mortality was higher at rural hospitals (HR 1.09, 95% CI 1.07–1.11). However, 30-day 

mortality for patients presenting with STEMI was similar at both rural and urban hospitals 

(HR 1.03, 95% CI 0.96–1.10) (Figure 1B). Thirty-day mortality was also higher for patients 

with heart failure at rural vs. urban hospitals (HR 1.15, 95% CI 1.13–1.16). However, 30-day 
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all-cause readmission rates after a heart failure hospitalization did not differ between these 

sites (HR 0.99, 95% CI 0.98–1.00). Among those with ischemic stroke, 30-day mortality 

was higher at rural sites (HR 1.20, 95% CI 1.18–1.22). Mortality at 90 days was higher 

for all three cardiovascular conditions for beneficiaries at rural hospitals (acute myocardial 

infarction, HR 1.10, 95% CI 1.08–1.12; heart failure, HR 1.11, 95% CI 1.10–1.13; ischemic 

stroke, HR 1.18; 95% CI 1.16–1.19) (Figure 1A). The addition of hospital resource variables 

and procedure rates to our models did not significantly attenuate the observed association 

for acute myocardial infarction (30-day HR 1.08, 95% CI 1.06–1.10; 90-day HR 1.08, 95% 

CI 1.06–1.10) or ischemic stroke (30-day HR 1.19, 95% CI 1.16–1.21; 90-day HR 1.16, 

95% CI 1.14–1.18). Across most conditions and outcomes, the interaction between race, 

site of presentation, and outcomes was significant (eTable 4). Additionally, in our sensitivity 

analysis that excluded patients who were transferred in or out of a hospital, mortality 

patterns were similar for all conditions (eFigure 1).

Geographic Variation

The rural-urban gap in 30- and 90-day risk-adjusted mortality varied across US Census 

Bureau regions (Figure 2). Mortality rates for acute myocardial infarction were higher at 

rural compared with urban hospitals in several regions, but similar in the New England, Mid-

Atlantic, South-Atlantic, Mountain, and East South-Central regions. For ischemic stroke, 

mortality rates at rural hospitals were higher than at urban hospitals in all US regions. For 

heart failure, rural mortality was higher in all regions except the Mid-Atlantic.

Critical Access vs. Non-Critical Access Hospitals in Rural Areas

Of the 2,113 rural hospitals, 1,331 were critical access and 782 were non-critical-access 

sites. Medicare beneficiaries with acute myocardial infarction at critical access hospitals, 

compared with those at non-critical access hospitals, were substantially less likely to 

undergo PCI/CABG within 30 days (3.7% vs. 53.6%, p<0.001). Similarly, patients 

hospitalized for ischemic stroke at critical access sites were less likely to receive 

thrombolysis and/or endovascular therapy (0.36% vs. 5.4%, p<0.001) (eFigure 2). There 

were substantial differences in observed 30-day mortality rates between critical access and 

non-critical access hospitals for acute myocardial infarction (27.6% vs. 12.1%, p<0.001), 

heart failure (12.6% vs. 10.7%, p<0.001), and ischemic stroke (19.4% vs. 14.3%, p<0.001) 

(eTable 3B). After risk-adjustment (age, sex, race, and poverty, clinical comorbidities), the 

hazard ratio for mortality at 30 days was higher among patients at critical access sites across 

all 3 conditions (acute myocardial infarction, HR 1.31, 95% CI 1.231.40; heart failure, HR 

1.12, 95% CI 1.08–1.17; ischemic stroke, HR 1.17, 95% CI 1.11–1.24) (Figure 3). These 

patterns were similar at 90 days.

Discussion

In this national study of Medicare beneficiaries age 65 years or older with acute myocardial 

infarction, heart failure, and ischemic stroke, mortality at 30 and 90 days was significantly 

higher among those presenting to rural hospitals compared to those at urban hospitals. 

Patients at rural sites were less likely to receive important treatments, such as thrombolysis 
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or endovascular treatment for ischemic stroke. In addition, there was marked geographic 

variation in the rural-urban gap in mortality for cardiovascular conditions across the US.

Despite significant public health and policy efforts to reduce rural-urban health inequities, 

our findings highlight that large gaps in clinical outcomes for acute cardiovascular 

conditions remain in the United States. Early studies of the Medicare population, prior 

to 2010, reported lower quality of care and higher 30-day mortality rates for cardiovascular 

conditions in rural compared with urban areas. (4–8) Although the federal government 

has implemented rural initiatives that aim to improve the delivery and quality of care, 

rural hospitals closures have increased over the last decade. (19, 32, 33) As a result, rural 

adults increasingly face challenges in accessing hospital care, including longer travel times 

and delays in emergency medical services and treatment, which adversely affect outcomes 

for emergent conditions. (11, 20, 21, 34) Our finding that rural-urban disparities varied 

markedly across U.S. regions indicates that geographically-targeted, public health strategies 

may be needed to improve care delivery for acute cardiovascular conditions in rural areas.

We also found differences in the intensity of care at rural vs. urban hospitals. Despite 

substantial investment in the development of stroke systems of care and the growth in 

telemedicine services that provide rapid access to stroke specialists, rates of thrombolysis 

and endovascular therapy for ischemic stroke were markedly lower at rural sites, consistent 

with recent studies. (17, 35–38) These findings may reflect rural-urban gaps in tele-stroke 

services, secondary to financial constraints, lack of high-speed internet, and regulatory 

barriers. (35, 36, 39) Previous studies have found that small, rural, and critical access 

hospitals, which are the most likely to benefit from telestroke capabilities, and less likely 

to offer these services. (35, 40, 41) Interestingly however, these treatment differences did 

not explain the rural-urban gap in stroke mortality. One potential explanation for this 

finding is that patients who present to rural hospitals with stroke may be more likely to 

be ineligible for these treatments. It is also possible that these treatment gaps meaningfully 

impact outcomes not measured in our study, including morbidity, functional status, and 

disability. Although we found that patients presenting to rural hospitals were also less likely 

to undergo revascularization within 30 days of admission than those at urban hospitals, 

the absolute difference was small (PCI 42% vs. 46%). Interestingly, STEMI mortality rates 

did not significantly differ among those initially presenting to rural compared with urban 

hospitals rural hospitals; however, non-STEMI mortality rates were higher at rural hospitals. 

Collectively, these findings suggest that concerted public health initiatives, such as the 

implementation of region systems of care, have likely helped facilitate the timely transfer of 

patients with STEMI from rural hospitals to those with PCI/CABG capabilities. (40) These 

advances have likely been counterbalanced by the rise in rural hospital closures, which 

have led to delays in access to time-sensitive procedural care for patients with myocardial 

infarction, and contributed to higher mortality rates. (18, 42)

Within rural areas, we observed stark differences in care between critical access sites that 

serve remote communities compared with non-critical access rural hospitals. For example, 

less than 5% of patients hospitalized with acute myocardial infarction at critical access rural 

sites underwent revascularization within 30 days, compared with nearly one-half of those 

hospitalized at non-critical access rural sites. These disparities were even more pronounced 
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for ischemic stroke. Perhaps due to these differences in treatment, mortality rates were 

markedly worse at critical access hospitals. Our findings parallel studies of critical access 

hospitals prior to 2010, and suggest that no progress has been made in improving outcomes 

for urgent cardiovascular conditions at these sites over the last decade. (4–6) Greater policy 

attention is needed to increase resources and improve quality of care at critical access 

hospitals, which provide much-needed access to care for many rural Americans.

Beyond inpatient care, patients hospitalized with acute cardiovascular conditions often 

benefit from close follow-up and care during the vulnerable period after discharge. Post-

acute care facilities located in rural areas may provide lower quality of care compared to 

those in urban areas, and rural patients may face barriers in accessing other important types 

of care, such as cardiac rehabilitation. (15, 43) In addition, rural areas have experienced 

a decline in primary care physicians and specialists, which may make access to follow-up 

care after discharge more difficult. (13, 44) These challenges, coupled with worse access 

to cardiac rehabilitation and important rehabilitative services after stroke may contribute to 

worse outcomes in rural areas and may disproportionally impact minorities. (11, 14, 15, 45)

This study has several limitations. First, our analysis focused on the Medicare fee-for-

service population and did not include beneficiaries enrolled in Medicare Advantage, who 

comprise one-third of the Medicare population. As national claims data for the Medicare 

Advantage enrollees become increasingly available, understanding rural-urban care for this 

population will be an important area for future research. Second, we used administrative 

claims data, which do not include detailed information about laboratory values, vital signs, 

and medical therapy during hospitalization. These data could provide additional insights 

on why mortality rates are higher in rural areas. Third, because we rely on claims data 

for risk-adjustment, it is possible that unmeasured clinical factors (e.g., blood pressures 

at time of admission, frailty) contribute, at least in part, to differences in outcomes 

between rural and urban hospitals. Fourth, recent evidence suggest that critical access 

hospitals submit fewer inpatient codes than other hospitals, which may affect comparisons 

of outcomes. (46) However, we used a comprehensive approach to risk-adjustment that 

included hospital diagnoses codes and pre-existing comorbidities ascertained from both 

inpatient and outpatient visits during the prior year. Fifth, our study does not account for 

patient preferences. It is possible that some beneficiaries initially seen at rural hospitals 

elected to not be transferred to an urban hospital for procedural care. Sixth, we used the 

2010 Rural-Urban Commuting Area Codes to identify rural and urban areas and were unable 

to account for minor urbanization or de-urbanization that may have occurred after this time 

period.

Conclusions

In the United States, older adults presenting to rural hospitals with urgent cardiovascular 

conditions (acute myocardial infarction, heart failure, and ischemic stroke) were less 

likely to receive important therapeutic procedures and experienced higher 30- and 90-day 

mortality rates than their urban counterparts. Procedure rates were substantially lower and 

mortality rates much worse at the subset of critical access hospitals that serve remote, rural 

communities. In addition, there was marked geographic variation in rural-urban disparities 
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for cardiovascular conditions across the US. Despite efforts to improve rural healthcare 

in the US, our findings suggest that large gaps in care delivery and outcomes for acute 

myocardial infarction, heart failure, and ischemic stroke remain.

Supplementary Material
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Perspectives

Competency in Systems-Based Practice:

Older adults presenting to rural hospitals with acute myocardial infarction, 

decompensated heart failure, or ischemic stroke are less likely to receive therapeutic 

interventions and experience higher 30- and 90-day mortality rates than those managed 

in urban facilities. There is marked geographic variation across the nation in rural-urban 

disparities for patients with these acute cardiovascular conditions.

Translational Outlook:

Policy changes and clinical efforts are urgently needed to reduce rural-urban inequities in 

care for patients with acute cardiovascular conditions.
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Central Figure. 
Observed Procedure and Mortality Rates for Acute Cardiovascular Conditions at Rural vs. 

Urban Hospitals

A. Procedures for Acute Myocardial Infarction

B. Procedures for Ischemic Stroke

C. 30-Day Mortality Rates

D. 90-Day Mortality Rates

Observed Procedure and Mortality Rates for Acute Cardiovascular Conditions at Rural vs. 

Urban Hospitals. (A) Procedure rates for acute myocardial infarction, (B) Procedure rates for 

ischemic stroke, (C) 30-day morality rates, and (D) 90-day mortality rates among Medicare 
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beneficiaries age 65 years or older at rural (blue) vs. urban (red) hospitals are shown in 

the figure above. Procedures for acute myocardial infarction that were performed within 

30-days of initial presentation were included in order to capture care that may have been 

delivered after transfer to another hospital. Procedure rates for acute myocardial infarction 

and ischemic stroke were higher at urban hospitals compared to rural hospitals. Observed 

30- and 90-day mortality rates were higher at rural hospitals compared to urban hospitals.
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Figure 1. 
Mortality Among Older Adults with Cardiovascular Conditions at Rural vs. Urban Hospitals

A. Acute Myocardial Infarction, Heart Failure, Ischemic Stroke

B. Non-STEMI and STEMI

Mortality Among Older Adults at Rural vs. Urban Hospitals for Cardiovascular Conditions. 

Hazard ratios for mortality among older adults at rural vs. urban Hospitals for (A) acute 

myocardial infarction, heart failure, ischemic stroke and (B) non-STEMI and STEMI. 

The figures show multivariable adjusted hazard ratios (with 95% confidence intervals) for 

mortality at 30- and 90-days among Medicare beneficiaries 65 years or older with acute 

cardiovascular conditions whom initially presented to a rural hospital compared with those 

at urban hospitals (reference group). Cox proportional hazards models adjusted for age, sex, 

race, dual enrollment, and clinical comorbidities. When compared to urban hospitals, 30- 

and 90-day mortality at rural hospitals was higher for all conditions (except STEMI).
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Figure 2. Mortality Among Older Adults with Cardiovascular Conditions at Rural vs. Urban 
Hospitals across U.S. Regions
Mortality Among Older Adults with Cardiovascular Conditions at Rural vs. Urban Hospitals 

across U.S. Regions. The figure shows multivariable adjusted hazard ratios (with 95% 

confidence intervals) for mortality at 30 and 90 days among Medicare beneficiaries age 

65 years or older with acute cardiovascular conditions (acute myocardial infarction, heart 

failure, ischemic stroke) at rural hospitals compared with those at urban hospitals (reference 

group) by U.S. Census Bureau Regions. Cox proportional hazards models adjusted for age, 

sex, race, dual enrollment, and clinical comorbidities. The West North Central region (Iowa, 
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Kansas, Minnesota, Missouri, Nebraska, North Dakota and South Dakota) generally had 

the largest rural-urban gap in 30 and 90-day mortality rates for all three cardiovascular 

conditions.
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Figure 3. Mortality at Critical Access vs. Non-Critical Access Rural Hospitals
Mortality at Critical Access vs. Non-Critical Access Rural Hospitals. The figure shows 

multivariable adjusted hazard ratios (with 95% confidence intervals) for mortality at 30 and 

90 days among Medicare beneficiaries age 65 years or older with acute cardiovascular 

conditions whom initially presented to a critical access hospital compared to those at 

non-critical access hospitals (reference group) in rural areas. Cox proportional hazards 

models adjusted for age, sex, race, dual enrollment, and clinical comorbidities. Thirty and 

ninety-day mortality were higher at critical access rural hospitals than non-critical access 

rural hospitals for all acute cardiovascular conditions. Among patients presenting to critical 

access rural hospitals for AMI, HF, and stroke, 13.9%, 25.4%, and 21.1% were transferred 

to another hospital, while at non-critical access rural hospitals, 5.4%, 18.5%, and 12.5% of 

patients were transferred, respectively.
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