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The rural mortality penalty in U.S. hospital 2
patients with COVID-19
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Abstract

Background The COVID-19 pandemic brought greater focus to the rural mortality penalty in the U.S., which
describes the greater mortality rate in rural compared to urban areas. Although it is widely thought that issues such
as access to care, age structure of the population, and differences in behavior are likely drivers of the rural mortality
penalty, few studies have attempted to tie delayed access to care in rural populations to healthcare outcomes
quantitatively. Therefore, it is critical to try and understand these factors to enable more effective public health policy.

Methods We performed a cross-sectional analysis of a population of patients with COVID-19 who were admitted

to hospitals in the United States between 3/1/2020 and 2/26/2023 to better understand factors leading to outcome
disparities amongst groups that all had some level of access to hospital care. Nevertheless, it is widely thought that
rural populations often experience delayed access to care, due to transportation and other constraints. Therefore, we
hypothesized that deteriorated patient condition at admission likely explained some of the observed difference in
mortality between rural and urban populations.

Results Our results supported our hypothesis, showing that the rural mortality penalty persists in this population and
that by multiple measures, rural patients were likely to be admitted in worse condition, had worse overall health, and
were older.

Conclusions Although the pandemic threw the rural mortality penalty into sharp relief, it is important to remember
that it existed prior to the pandemic and will continue to exist until effective interventions are implemented. This
study demonstrates the critical need to address the underlying factors that resulted in rural-dwelling patients being
admitted to the hospital in worse condition than their urban-dwelling counterparts during the COVID-19 pandemic,
which likely affected other healthcare outcomes as well,

Keywords COVID-19, Pandemic, Rural mortality penalty, Disparities

*Correspondence:

Jeffrey A. Thompson

jthompson21@kumc.edu

'Department of Biostatistics & Data Science, University of Kansas Medical
Center, 3901 Rainbow Boulevard, 5032A Robinson Hall, Kanas City,

KS 66160, USA

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation
or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://
creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12963-024-00340-2&domain=pdf&date_stamp=2024-8-9

Thompson et al. Population Health Metrics (2024) 22:20

Background

In the early 20th century, dense population in cities with
poor sanitation led to a phenomenon known as the urban
mortality penalty. However, improvements in sanitation
and increased effectiveness and accessibility to health-
care eventually eliminated this disparity [1]. Indeed, mor-
tality rates declined throughout the United States in the
20th century [2]. However, in 2008, Cosby et al. identi-
fied a new trend, beginning in the 1980s, in which a new
rural mortality penalty became evident [3], leading to a
host of research on location-based health disparities.
Since its initial discovery, the rural mortality penalty has
only increased [4]. Such population health disparities can
have acute impacts during a public health crisis, such
as the COVID-19 pandemic that began in 2019. Indeed,
many have noted that rural populations in the United
States suffered increased mortality due to COVID-19
compared to their urban counterparts [5-7]. When it
comes to healthcare, a common assumption with rural
disparities is that access to care plays a major role [8, 9].
Indeed, a few studies have shown that rural residents are
more likely to delay seeking medical care or have delays
in obtaining emergency medical care [10-13]. However,
there has been little research that directly links delays
in care for rural U.S. residents to healthcare outcomes.
To that end, we focus is on the persistence of the rural
mortality penalty even in those patients with access
to, means for, and willingness to go to a hospital, under
the hypothesis that delayed access to care nevertheless
impacts outcomes for this population. Therefore, in this
work, we studied mortality in a population of patients
with COVID-19 following their admission to a hospital,
using a large national dataset of approximately a million
COVID-19 patients who were admitted to hospitals to
determine its drivers.

When viewing rural dwelling as a social determinant
of health, it is important to note that other social deter-
minants are associated with excess mortality, such as
education, poverty, race, and more [14]. In fact, Black
Americans experience larger mortality disparities, irre-
spective of location, than rural populations [15], particu-
larly with respect to the COVID-19 pandemic. Also, it is
worth noting that the emergence of the rural mortality
penalty has not, for most population groups, been due
to increased mortality rates. In many areas, it has been
driven by smaller declines in mortality in rural compared
to urban populations [3, 4, 16]. Nevertheless, although
COVID-19 has made the trend harder to analyze, there
is evidence to suggest that mortality is increasing in
younger and middle-aged adults for certain causes of
death (causes related to drugs and alcohol, as well as sui-
cide) and that the group has overall seen smaller declines
in mortality due to cardiovascular disease [17].
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Others have written about rural/urban mortality dis-
parities from COVID-19. Grome et al. studied county-
level mortality data in Tennessee throughout most of
2020 and found an incidence rate ratio of 1.13 for mor-
tality in rural vs. urban counties after controlling for
county-level demographics, access to care, and comor-
bidities [5]. Interestingly, they found that the disparity
was greater for COVID-19 than for influenza or pneu-
monia. Iyanda et al. found similar results for a nationwide
county-level analysis with a mortality incident rate ratio
between 1.24 and 1.26 depending on the county classi-
fication [7], which also adjusted for county-level demo-
graphic and other factors. However, these studies did not
examine COVID-19 mortality in the context of patients
who were admitted to a hospital.

Although several studies on hospital outcomes for
COVID-19 patients have been done [18—22], most have
not evaluated location-based risk. One large national
study conducted by Anzalone et al. examined whether
the rural mortality penalty is present in COVID-19
patients following hospital admission, using data on
approximately one million patients obtained from the
National COVID Cohort Collaborative (N3C) [23]. A
strength of the study is that it analyzed in-hospital risk
at the individual level. Indeed, they found an increased
risk of in-hospital mortality for rural patients, with an
adjusted odds ratio of 1.36. However, the study did not
examine patient condition at admission or vaccina-
tion status. Deteriorated condition at admission and
lack of vaccination can be signs of access to care issues,
or sociocultural factors that may nevertheless influence
healthcare outcomes. Either may contribute to the rural
mortality penalty. Therefore, the study was limited in its
ability to identify drivers of the rural mortality penalty
with respect to COVID-19 hospital patients.

Several studies have examined factors associated with
hospital outcomes for COVID-19 patients without con-
sidering rurality. Factors associated with risk of COVID-
19 mortality noted by multiple studies were age [18, 21,
25], sex [21, 25], and vital signs at admission [18, 25].

It is important to remember that the rural mortal-
ity penalty existed prior to the COVID-19 pandemic.
The dramatic increase in mortality due to COVID-19
brought these existing disparities in health outcomes
into sharp focus. However, the underlying drivers will
remain. Furthermore, rurality, race, and most other social
determinants of health are typically not causes of health
outcomes. Instead, issues such as access to care, differ-
ences in demographics, differences in behavior, lower
rates of belief in the efficacy of public health interven-
tion [26—28], and many other factors are the true driv-
ers. Therefore, it is critical to gain understanding of these
drivers so we can work to improve the health of the entire
population. We hypothesized that the rural mortality
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penalty in patients hospitalized with COVID-19 is driven
by deteriorated patient health in the rural population
prior to admission, a sign of delayed access to care, in
combination with increased risk factors in the rural pop-
ulation overall.

Methods

Data

We performed our analysis using Epic’s Cosmos data-
base using the 2/26/2023 snapshot. Epic supplies the
most widely used electronic health record software in
the United States, and Cosmos data are contributed from
organizations that use Epic across the country, including
all 50 states. We used the deidentified version of the data-
base provided with Cosmos Data Science. At the time
of this snapshot, the database contained data from 196
organizations across the United States comprising data
on 186,082,759 patients. We identified COVID-19 admis-
sions using the COVID patient data mart provided by
Cosmos. For this data mart, COVID-19 admissions were
identified as follows:

+ COVID diagnosis linked to an encounter for an
admitted patient that occurred before discharge and
within 42 days of admission.

+ Respiratory diagnosis linked to an encounter for an
admitted patient that occurred before discharge and
within 42 days of admission and is COVID positive
between 14 days before admission and the discharge
date and discharge is 42 days or less from the positive
date.

+ DPatient became COVID positive during an admission
and discharge date is 42 days or less from COVID
positive date.

The outcome was all cause mortality within 42 days of
a COVID related admission. We collected the following
demographic data: sex, race, residence in rural zip code
by Rural Urban Commuting Area (RUCA), social vulner-
ability index of zip code, and age at admission. We also
collected the following patient condition variables (clos-
est measure to admission): oxygen saturation, respiration
rate, pulse rate, mean arterial pressure, and admitted to
ICU within first day. Additionally, we collected the fol-
lowing comorbidities data: congestive heart failure, high
blood pressure, pneumonia, and cancer. Finally, we also
collected data on whether a patient had at least one of
any type of COVID-19 vaccination two weeks or more
prior to admission. Presumably due to the urgent nature
of most COVID-19 admissions, BMI was not available for
most patients.

We included patients with a first COVID admission
between 3/1/2020 and 2/26/2023. Patients from sources
with less than 50 COVID-19 patients were excluded to
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ensure that the results were not biased by hospitals who
did not admit many COVID patients (17 such sources
which included 142 patients). Sources are not quite
equivalent to hospitals, because we could get duplicated
data from multiple hospitals in some cases, in which case
they are combined into a single source for that patient.
The study population included 1,119,199 patients in the
database who met the definition of having a COVID-19
admission.

However, many patients were missing information on
vital signs or vaccination. While we included all eligible
patients regardless of missing data, there were 648,595
patients that had no missing vitals and only 165,534
patients with COVID vaccination records in the hospitals
they were admitted to. As COVID vaccination data were
missing for most patients, we reserved those data for a
subset analysis. Furthermore, COVID vaccination status
may be from either hospital administered vaccination or
patient report.

Statistics

The main variable of interest for this analysis was rural
zip code residence as defined by RUCA codes, main-
tained by the U.S. Department of Agriculture. Patients
were categorized in Cosmos as simply rural (codes 7-10)
or urban (codes 1-6) dwelling. Patient characteristics
were individually tested for differences by rural or urban
dwelling using a Wilcoxon rank sum test for continuous
variables or a X? for categorical variables. The unad-
justed difference in risk of mortality for urban/rural dif-
ferences was tested by log rank test and visualized using
a Kaplan-Meier survival curve. The adjusted difference
in risk was assessed using a Cox proportional hazards
model using complete case analysis. The proportional
hazards assumption was assessed visually, using the
scaled Schoenfeld residuals plotted against the log time,
because hypothesis tests of non-proportional hazards
are suspect with such a large sample size. The assump-
tion appeared warranted for all variables. Likewise, non-
linearity between the log-hazard and predictors was
assessed using the Martingale residuals. This assump-
tion appeared warranted for all variables except respira-
tion rate, which was discretized into values representing
low, normal, and high respiration. We also compared a
gamma frailty model accounting for heterogeneity by
data source (a proxy for hospital) to one without to select
a final model.

Results

Table 1 shows all the putative risk factors for COVID
mortality we included in this study, with summary statis-
tics broken down by whether the patient lived in a rural
or urban designated zip code. Hypothesis tests were done
for each variable to test if they differed by rurality. For
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Table 1 Characteristics of the study population
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Variable N Rural, N=77,807 Urban, N=1,041,392 p-value
Comorbidities
Congestive Heart Failure 1,119,199 8,130 (10.4%) 105,195 (10.1%) 0.002
High Blood Pressure 1,119,199 28,885 (37.1%) 386,886 (37.2%) 0.9
Pneumonia 1,119,199 4,610 (5.9%) 5,754 (5.6%) <0.001
Cancer 1,119,199 8,059 (10.4%) 99,552 (9.6%) <0.001
Patient Condition
Mean Arterial Pressure 807,220 <0.001
(60,100) 39,309 (71.1%) 520,490 (69.2%)
(0,60) 756 (1.4%) 8,772 (1.2%)
(100,300) 15,191 (27.5%) 222,702 (29.6%)
Unknown 22,551 289,428
ICU Admission 1,119,199 8,732 (11.2%) 62,906 (6.0%) <0.001
SpO2 911,943 95 (93,97) 96 (93, 98) <0.001
Unknown 14,137 193,119
Respiration Rate 808,396 <0.001
(12,25) 42,427 (78.0%) 606,119 (80%)
0,12) 524 (1.0%) 6,300 (0.8%)
(25,inf) 11,379 (21%) 141,547 (19%)
Unknown 23,377 287,426
Pulse Rate 906,257 86 (74,99) 87 (75,101) <0.001
Unknown 16,632 196,310
Demographics
Svi 1,113,692 0.66 (0.46,0.82) 0.53(0.26,0.79) <0.001
Unknown 1,335 4172
Sex 1,119,199 <0.001
Female 36,992 (47.5%) 519,128 (49.8%)
Male 40,815 (52.5%) 522,264 (50.2%)
Race 1,119,199 <0.001
White 65,276 (83.9%) 712,506 (68.4%)
American Indian or Alaska Native 1,809 (2.3%) 9,350 (0.9%)
Asian 252 (0.3%) 24,755 (2.4%)
Black or African American 7,128 (9.2%) 214,787 (20.6%)
Native Hawaiian or Other Pacific Islander 141 (0.2%) 3,962 (0.4%)
Other 1,639 (2.1%) 49,573 (4.8%)
Unspecified 1,562 (2.0%) 26,459 (2.5%)
Age at Diagnosis 1,119,199 67 (54,78) 65 (49,77) <0.001
Days from 3/1/2020 to Admission 1,119,199 573(313,710) 559 (309, 705) <0.001

most demographic, patient condition, and comorbidity
variables, there was a statistically significant difference
between rural and urban patients.

A Kaplan-Meier survival plot showing the unadjusted
difference in survival between patients from rural or
urban designated zip codes is shown in Fig. 1. It illus-
trates that patients from rural areas are at higher risk of
mortality following admission for COVID-19. The unad-
justed hazard ratio for this difference is 1.300 (95% CI:
[1.276, 1.323]). The difference is significant at p<0.001.

Univariable Cox proportional hazards models were
used to estimate the individual effect on risk for each
putative risk variable. The Hazard ratios for each of these
variables are shown in Table 2. Some notable results
are the association of increased blood oxygen level with

lower risk of mortality (1% change in SpO2 - HR: 0.967,
p=0.00), low blood pressure with increased risk of mor-
tality (HR: 2.141, p=6.42e-309), admission of ICU with
increased risk of mortality (HR: 2.270, p=0.00), and
age at diagnosis with increased risk of mortality (1 year
increase in age - HR: 1.039, p=0.00).

A multivariable Cox proportional hazards model with
gamma frailties to account for heterogeneity by data
source was used to estimate the effect of rurality on
risk adjusting for demographic differences, differences
in patient condition at admission, and differences in
comorbidities. The results are shown in Table 3. When
controlling for other putative drivers of COVID-19 mor-
tality, the effect of residence is attenuated. Rural resi-
dence has a hazard ratio of 1.137 (95% CI: [1.109, 1.170],
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Fig. 1 Kaplan-Meier survival curves over the days since a patient was covid positive for rural vs. urban residing patients

p=1.51e-198) in this model. Congestive heart failure,
pneumonia, and cancer comorbidities all contribute to
risk, as do admission to the ICU, lowered blood oxygen,
increased respiration, and increased pulse at admission.
Low blood pressure was associated with higher risk; how-
ever, high blood pressure was associated with lower risk,
compared to normal blood pressure. Social vulnerability
was associated with increased risk, as was male sex. Black
patients were at slightly lower risk compared to white
patients after adjusting for other factors in this popula-
tion. Finally, the hazards reduced over time, reflected in
the hazard ratio of 0.999 for days since 3/1/2020.

Given that race and social vulnerability index are
related, we built models without each to assess their
independence. Removing SVI had a small impact on the
estimated effect of race (without SVI in the model identi-
fying as Black went from a hazard ratio of 0.928 to 0.965)
and vice versa (without race in the model SVI went from
a hazard ratio of 1.210 to 1.195). The results are shown
in Tables S1 and S2. The removal of either had a small
impact on the effect of rurality as expected. Given our
interest in this work in identifying factors that control the
effect of rurality on survival, we decided to include both.

In order to examine the difference in patient condi-
tion at admission to the hospital by area of residence, we
plotted the monthly rate of ICU admission for rural and
urban patients over the course of the pandemic (Fig. 2).

Rural patients consistently have higher rates of admission
to the ICU throughout the course of the pandemic.

We built an additional multivariable Cox proportional
hazards model using the subset of patients that we knew
had at least one COVID-19 vaccination prior to admis-
sion with COVID-19. In this model, the hazard ratio for
urban residence became 1.103 (95% CI: [1.038, 1.171],
p=1.40e-03), further reducing the hazard ratio of rural
residence after accounting for vaccination.

Discussion

The rural mortality penalty is thought to be associated
with numerous factors, including reduced access to care,
differences in behavior, education, environmental expo-
sure, and other factors. Access to care issues can mean
that people do not have access to hospital care, have
delayed access to hospital care, or do not have access to
the same quality hospital care. In this analysis, we exam-
ined a population of patients that all were admitted to a
hospital and then adjusted for patient condition at admis-
sion in order to address differences in access to care
between rural and urban populations, although we were
unable to assess differences in quality of care. We also
adjusted for differences in age and sex, which can skew
differently in rural vs. urban populations. We adjusted for
differences in race and social vulnerability in an attempt
to account for other known drivers of disparities. How-
ever, race in this context should not be thought of as a
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Table 2 Results of univariable Cox regression (results of each variable unadjusted for the others)
Variable Ln HR HR p-value
Residence
Urban 0.000 1.000 -
Rural 0.262 1.300 1.5%e-178
Comorbidities
Congestive Heart Failure 0.532 1.702 0.00
High Blood Pressure 0.324 1.383 0.00
Pneumonia 0.398 1488 0.00
Cancer 0.458 1.581 0.00
Patient Condition
Mean Arterial Pressure
(60,100) 0.000 1.000 -
(0,60) 0.761 2141 642e-309
(100,300) -0.229 0.795 8.34e-226
ICU Admission 0.820 2270 0.00
SpO2 -0.034 0.967 0.00
Respiration Rate
(12,25) 0.000 1.000 -
0,12) 0.247 1.281 831e-15
(25,inf) 0.677 1.968 0.00
Pulse Rate 0.001 1.001 5.74e-08
Demographics
Svi -0.007 0.993 0421
Sex
Female 0.000 1.000 -
Male 0.286 1.332 0.00
Race
White 0.000 1.000 -
American Indian or Alaska Native -0.159 0.853 4.40e-09
Asian -0.233 0.792 1.83e-33
Black or African American -0.317 0.728 0.00
Native Hawaiian or Other Pacific Islander -0414 0.661 6.24e-16
Other -0.287 0.750 2.73e-91
Unspecified 0.194 1.214 1.08e-33
Age at Diagnosis 0.038 1.039 0.00

biological variable; rather, it is a proxy variable that cap-
tures other access to care and risk factor differences
resulting from structural inequalities.

After these adjustments, we did manage to reduce the
effect of rural residence on COVID-19 mortality from a
HR of 1.300 to 1.139, indicating that we had identified
some but not all of the drivers of mortality disparities in
these patients. Patient condition variables and age were
the strongest contributors to this result, which likely
point in part to access to care and differences in demo-
graphics as some of the main factors underlying the rural
mortality penalty in COVID-19. However, patient condi-
tion at admission is also driven by differences in behavior,
including diet, exercise, and vaccination.

Although hospitals do not have complete vaccination
records for patients, some were available. Therefore, we
built a multiple Cox proportional hazards model on the
subset of 165,534 patients for whom we had a record of

COVID-19 vaccination at least two weeks prior to hos-
pital admission. Of those, 9,645 were from rural areas.
Although the overall results were similar for this subset
analysis, we did find that the increased hazards associ-
ated with rural residence shrank even more (compared to
the adjusted model) to 1.109, suggesting that differences
in vaccination may further contribute to the rural mortal-
ity penalty.

Limitations of this study include the lack of informa-
tion about the individual hospitals included within our
Cosmos dataset, which is an inevitable consequence of
using a deidentified dataset, as well as the lack of com-
plete vaccination records for patients, which would have
enabled us to better assess the impact of vaccination on
the rural mortality penalty in this context. Also, due the
nature of COVID-19 admissions, we lacked information
on BMI for most patients, although BMI is an important
risk factor for COVID-19 mortality. Finally, the analysis
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Table 3 Results of multivariable Cox regression with gamma frailty to account for heterogeneity by data source. The concordance

index for this model was 0.740. The frailty variance was 0.854

Variable Ln HR HR p-value
Residence
Urban 0.000 1.000 -
Rural 0.128 1.137 157e-198
Comorbidities
Congestive Heart Failure 0.217 1.242 5.67e-109
High Blood Pressure -0.060 0.942 7.63e-16
Pneumonia 0.141 1.151 1.08e-28
Cancer 0212 1.236 361e-104
Patient Condition
Mean Arterial Pressure
(60,100) 0.000 1.000 -
(0,60) 0.705 2024 1.07e-193
(100,300) -0.256 0.774 348e-223
ICU Admission 0.792 2208 0.00
SpO2 -0.029 0.971 0.00
Respiration Rate
(12, 25) 0.000 1.000 -
0,12) 0.197 1.218 1.13e-06
(25,inf) 0.621 1.861 0.00
Pulse Rate 0.008 1.008 0.00
Demographics
SVI 0.191 1.210 1.84e-45
Sex
Female 0.000 1.000 -
Male 0.262 1.300 1.75e-307
Race
White 0.000 1.000 -
American Indian or Alaska Native 0.090 1.094 1.73e-02
Asian 0.008 1.008 7.64e-01
Black or African American -0.075 0.928 2.04e-12
Native Hawaiian or Other Pacific Islander 0.044 1.045 5.24e-01
Other 0.069 1.071 3.66e-04
Unspecified 0.502 1.652 572e-119
Age at Diagnosis 0.043 1.044 0.00
Days from 3/1/2020 to Admission -0.001 0.999 0.00

was limited to hospitals that use the Epic electronic
health record system, which does not tend to be used by
smaller organizations. Furthermore, as is common with
real world data, the completeness of comorbidity data is
impossible to ascertain, either due to incomplete docu-
mentation or lack of awareness of a condition. These
limitations are counterbalanced to some degree by being
able to perform the analysis in a nationwide dataset of
patients admitted to hospital, with information on vitals,
and ICU admission. Given the substantial cross-section
of COVID-19 hospital admitted patients covered in this
resource, these results are likely generalizable at least to
relatively well-resourced hospitals.

Overall, we found that there are differences in COVID-
19 mortality between rural and urban populations among
hospital admitted patients. Furthermore, we found that

even after adjusting for patient condition, comorbidities,
and demographics differences remained, which implies
that the variables we identified that might potentially
explain differences between rural and urban residents’
outcomes are not complete. Likely, the residual effect
of rurality is related to other comorbidities we did not
account for, in addition to differences in behaviors such
as diet, exercise, and vaccination. However, we did show
that rural residents were more likely than their urban
counterparts to be admitted to the ICU and to have
worse vital signs, strong indicators that they appeared at
the hospital in more deteriorated condition, indicative
of delayed access to care. Furthermore, we showed that
these factors are associated with COVID-19 mortality.
Likewise, we showed that age and overall worse health (as
reflected in the greater number of comorbidities) were
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associated with mortality and that the rural population is
both older and in worse health overall. Furthermore, we
showed that mortality differences are diminished among
those who say they were vaccinated.

Conclusions

Despite the focus in this work on COVID-19 mortality in
patients admitted to hospitals, we believe it adds to the
body of evidence about the rural mortality penalty in gen-
eral. Previous studies have shown that rural residents are
more likely to delay seeking medical care or have delays
in obtaining emergency medical care. Some studies have
identified transportation issues as one source of delays
that affect rural residents [29-31]. However, there has
been little research that directly links delays in care for
rural residents to healthcare outcomes, particularly in the
United States. Our results strongly suggest that delayed
care during the COVID-19 pandemic led to higher mor-
tality, as rural residents were much more likely to be
admitted to an intensive care unit immediately after hos-
pital admission and tended to have lower blood oxygen
levels and more abnormal respiration. Thus, our results
show the direct impact on mortality that such delays can
have, when admission might come too late. Vaccination
was one of the biggest differentiators of mortality dur-
ing the pandemic [32] and rural residents were far less
likely to be vaccinated and therefore this issue correctly

November 2021 October 2022

receives a great deal of focus. Nevertheless, our results
suggest that delayed access to care is still a large contrib-
utor to mortality, even among those who say they were
vaccinated. Therefore, our results help to underscore the
need to invest in transportation solutions for rural resi-
dents, supporting community hospitals with emergency
and inpatient care, and more complete research to under-
stand the full range of factors associated with delayed
healthcare for rural residents.
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