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ABSTRACT:
Introduction: The purpose of this study is to estimate the risk of
severe COVID-19 among individuals residing in rural, medically
underserved counties compared to those living in other counties.
Methods: Individual-level COVID-19 hospitalization and death
data and demographic variables were downloaded from the
Centers for Disease Control and Prevention. The 2013 National
Center for Health Statistics Urban–Rural Classification Scheme was
used to classify urban and rural counties. Health Resources and
Services Administration’s medically underserved area (MUA)
designation was used to identify underserved counties. County-
level data were drawn from the 2015–2019 American Community
Survey 5-year estimates. Analytic samples included data from
Minnesota and Montana in 2020. Urban–rural/MUA joint exposure
categories were created: rural/MUA, rural/non-MUA, urban/MUA,
urban/non-MUA. Hierarchical logistic regression models estimated
associations (odds ratios and 95% confidence intervals (CI))

between rurality, MUA status, joint urban–rural/MUA status, and
severe COVID-19, overall and stratified by age and state. Models
were adjusted for individual- and county-level demographics.
Results: The odds of severe outcomes among those living in rural
counties were 13% lower (95%CI: 0.83–0.91) than those in urban
counties. The odds of severe outcomes among those living in MUA
counties were 24% higher (95%CI: 1.18–1.30) than those in non-
MUA counties. For joint exposure analyses, the odds of severe
outcomes were highest among those living in urban/MUA counties
compared to those in rural/non-MUA counties (adjusted odds
ratio: 1.36, 95%CI: 1.27–1.44).
Conclusion:  In 2020, the risk of severe COVID-19 was more
pronounced in urban counties and underserved areas. Results
highlight the need for locality-based public health
recommendations that account for rural and underserved areas
and may inform future pandemic preparedness by identifying
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counties most in need of resources and education at various stages of the pandemic.

Keywords:
COVID-19, hospitalization, medically underserved area, mortality, US.

FULL ARTICLE:
Introduction

Coronavirus disease 2019 (COVID-19) was declared a pandemic by
the World Health Organization in March 2020 . As of August 2022,
more than 580 million COVID-19 cases and 6.4 million deaths were
reported worldwide , with approximately 92 million cases,
5.1 million hospitalizations, and more than1 million deaths
reported in the US .

Severe COVID-19 is defined as hospitalization, admission to the
intensive care unit (ICU), intubation, mechanical ventilation, or
death resulting from COVID-19 . Community-level factors, such as
urban–rural status and pre-existing economic conditions, may
increase risk for severe COVID-19 . Rural populations may have
higher risk for severe outcomes than urban populations as
prevalence of comorbidities associated with severe COVID-19
(eg obesity, diabetes, and heart disease) is higher among small
rural communities (median prevalence 48%) than among large
urban communities (median prevalence 39%) , and a higher
prevalence of individuals with comorbidities associated with severe
COVID-19 may contribute to worse COVID-19 outcomes at the
community level . In addition, rural communities may face
structural issues, such as limited access to adequate healthcare
resources, including testing and healthcare facilities, further
increasing their risk of severe COVID-19 . However, COVID-19 is
more transmissable in densely populated areas and crowded living
areas, which may lead to higher incidence of severe COVID-19
hospitalizations (eg higher temperatures and lower white blood
cell count) and higher mortality rate from COVID-19 infection in
urban areas . Given the importance of community-level factors
such as urban–rural status and adequate healthcare resources, it is
crucial to examine multiple community-level exposures to inform
locality-based responses to future public health emergencies.

To our knowledge, four ecologic studies have examined urban–
rural differences in severe COVID-19 during 2020 in the US .
One study using USAFacts data compared county-level
(n=3141 counties) mortality rates from January to June 2020 and
found COVID-19 mortality rates were 70.3% lower in rural than in
urban counties . A second study using Johns Hopkins University
data as of October 2020 (n=3104 counties), found that
COVID-19 mortality rates were lower for rural than urban counties
(50.78 and 65.43 per 100 000, respectively) . A third study used
USAFacts data to compare daily COVID-19 mortality rates between
urban and rural counties (n=3143) from March to October 2020 .
It found that COVID-19 mortality rates were lower in rural than
urban counties until August 2020, but after August, rural counties
experienced higher mortality rates . In contrast, a fourth study of
county-level COVID-19 mortality used New York Times data from
January 2020 to December 2020 and found the case fatality ratio
for rural counties was 18% (95% confidence interval (CI): 1.07–1.31)
higher than urban counties . Despite these potential differences
between urban and rural counties, the impact of other community-
level factors on severe COVID-19 should be evaluated.

Pre-existing conditions, such as access to health care, are

important determinants of COVID-19 outcomes, and these factors
generate significant public health effects . Ecologic data suggest
health professional shortage areas (HPSAs) had higher
COVID-19 mortality rates than non-HPSA areas . Furthermore,
individuals residing in rural communities report worse access to
health care than those residing in urban communities . Due to
limited healthcare access and an increased prevalence of
comorbidities in rural communities, those residing in rural counties
with poor access to health care may have greater risk for poor
health outcomes than residents of other areas . However, there
is limited evidence regarding joint exposure to both rurality and
limited healthcare access on risk of severe COVID-19. The sole
relevant study examined joint urban–rural/medically underserved
area (MUA; an area with too few primary care providers, high
infant mortality, high poverty rates, and/or a high elderly
population ) exposure and COVID-19 testing rates, with
urban/non-MUA areas having the highest testing rates .
Additional research on joint urban–rural and healthcare access
exposures is needed to better understand community-level
determinants of severe COVID-19 .

The purpose of this study is two-fold. First, there is sparse evidence
regarding urban–rural differences in severe COVID-19 in the
US . Furthermore, to our knowledge, there are no data
regarding joint exposure to urban–rural/MUA and risks for severe
COVID-19. Second, this is the first hierarchical analysis of urban–
rural differences in severe COVID-19, and this analysis allows for
individuals to be nested within counties to account for both
county- and individual-level factors rather than just county-level
factors in ecologic analyses.

Methods

Data sources

COVID-19 case data were drawn from the Centers for Disease
Control and Prevention’s (CDC) publicly available COVID-19 Case
surveillance public use data with geography . The CDC requests
data from public health departments for lab-confirmed or
probable cases of COVID-19, and data are routinely submitted to
the CDC from public health departments via standardized case
reports: demographic data, COVID-19 hospitalization and death,
and state and county Federal Information Processing Standards
(FIPS) codes. Data were current as of 1 October 2021.

Inclusion criteria included COVID-19-positive individual from
Minnesota or Montana, diagnosis in calendar year 2020, and cases
with a valid county FIPS code. Exclusion criteria included residents
with missing state or county data, those not residing in Minnesota
or Montana, and diagnosis before or after 2020. Data from
Minnesota and Montana were included in the sample due to
urban–rural variability of these states, and case data were similar
between CDC data and state COVID-19 websites . For
Minnesota, 395 779 cases were reported to the CDC (92% of the
428 048 on the Minnesota website), and rates were similar
between the CDC dataset (hospitalization rate: 5.49%, death rate:
0.97%) and the state website (hospitalization rate: 5.19%, death
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rate: 1.38%) . For Montana, 57 507 cases were reported to the
CDC (71% of the 81 404 cases on the Montana website), and rates
were similar between the CDC dataset (hospitalization rate: 4.35%,
death rate: 0.78%) and the state website (hospitalization rate:
4.78%, death rate: 1.65%) .

The sample was drawn from 487 504 COVID-19 cases from
Minnesota and Montana. The CDC suppresses FIPS codes for areas
with low populations, and 34 218 (7% of total) COVID-19 cases
were excluded for lack of FIPS. The final analytic sample included
453 286 (93% of total) COVID-19 cases.

County-level data were drawn from 2015–2019 American
Community Survey (ACS) 5-year estimates . County-level
variables included racial concentration (percent of White
residents), health insurance concentration (percent of residents
with health insurance coverage), and poverty concentration
(percent of residents whose income in the last 12 months was
below the federal poverty level) . County-level variables were
included in analysis based on availability and completeness in the
ACS dataset. Covariates were based on prior studies .

County-level urban–rural status was drawn from the 2013 National
Center for Health Statistics (NCHS) Urban–Rural Classification
Scheme for Counties. Counties are classified as large central metro,
large fringe metro, medium metro, small metro, micropolitan, or
non-core based on population size and principal city population
location .

County-level MUA status was drawn from Health Resources and
Services Administration’s MUA classification dataset . MUAs
represent a lack of access to health care and are designated
according to an index of four criteria: ratio of primary care
providers to residents, infant mortality rate, poverty rate, and
elderly population .

The CDC, ACS, NCHS, and MUA datasets were merged using
county FIPS codes, with individuals nested within counties. The
final merged dataset included 453 286 COVID-19 cases in
57 counties in Minnesota and Montana.

Variables

Outcome – severe COVID-19:  If a case reported yes on
hospitalization or death, they were identified as severe
(dichotomized yes/no). If the case reported no, unknown, missing,
or not available (NA) for both hospitalization and death, they were
identified as non-severe. Unknown, missing, and NA were
considered non-severe cases because these were reported cases,
but no hospitalization or death was reported. If these cases were
excluded, the severe COVID-19 rate for the data would be much
higher than reported on state websites.

Predictor – rural county residence:  Counties classified as
micropolitan or non-core were rural, and counties of other
classifications were urban (dichotomized urban/rural) .

Predictor – underserved status:  MUA was the county-level
measure of access to health care (dichotomized MUA/non-MUA).

Predictor – joint exposure: Using the rural (urban/rural) and
MUA (MUA/non-MUA) variables, a four-category joint urban–
rural/MUA variable was created: urban/non-MUA, urban/MUA,
rural/non-MUA, and rural/MUA.

Covariates:  Individual-level covariates included age group (0–17,
18–49, 50–64, and ³65 years), race/ethnicity (White, non-Hispanic,
Black, non-Hispanic, American Indian/Alaska Native, non-Hispanic,
Asian/Native Hawaiian/Other Pacific Islander, non-Hispanic,
Hispanic, and Other/Unidentified, non-Hispanic), and sex (male,
female, and missing). County-level covariates included poverty
concentration, health insurance concentration, and racial
concentration. Covariates were based on prior studies .

Statistical analysis

Descriptive statistics were obtained overall, by severe COVID-19
status, and by type of severe COVID-19 (hospitalization or death).
Counts and percentages of severe case type were examined by
urban–rural status, MUA status, age group, state, sex, and
race/ethnicity. Medians and interquartile ranges (which included
the second and third quartiles, or the middle half of the data
range) of county-level covariates were examined overall and by
case status.

Hierarchical logistic regression models, with individuals nested
within counties, estimated odds ratios (OR) and 95%CI for the
associations between rural status, MUA status, joint rural/MUA
status, and severe COVID-19. Hierarchical models were selected
because variables were available at both the individual level
(severe COVID-19 and some covariates) and county level (rural and
MUA status and some covariates). This type of model allows us to
account for these available individual-level characteristics that
ecologic models cannot.

In model 1, we estimated the association between rural status and
severe outcomes, excluding MUA status from the model. In model
2, we estimated the association between MUA status and severe
outcomes, excluding rural status. In model 3, we included both
rural and MUA statuses to estimate the independent association
between rural status, MUA status, and severe outcomes. We also
fitted rural*MUA interaction terms to determine if there were
potentially unique effects for a joint urban–rural/MUA variable. If
the p-value for interaction (p-interaction) was <0.20, this was
considered a statistically significant interaction. Last, we fitted
models estimating the association between joint urban–rural/MUA
status and severe outcomes. Rural/non-MUA was the reference, as
we hypothesized that this was the lowest risk category based on
models 1–3. Hierarchical logistic regression models were run
overall and stratified by age for the total sample and by
state. Models were adjusted for individual- and county-level
covariates.

The analysis was stratified by age as older adults may face an
increased risk of severe COVID-19 compared to younger age
groups . In addition, underlying health conditions that are
associated with more severe COVID-19 are common conditions
among older adults . Stratifying by age allowed us to partially
account for underlying health conditions in this analysis. Due to
small sample size among the 0–17 years group, this age group was
excluded in the state-specific age-stratified analysis.

The risk for severe COVID-19 among rural counties may have
increased after August 2020 . We conducted a period-stratified
sensitivity analysis (prior to August 2020; August–December 2020)
using the overall fully adjusted model 4 to determine if results
differed before and after August 2020.

Due to the limited data, there are likely to be unmeasured
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confounders that may have affected results. E-values are used to
estimate the minimum strength of association that an unmeasured
confounder would need to have with both the exposure and the
outcome, adjusted for measured covariates, to potentially explain
away the observed association between the exposure and
outcome . We calculated E-values based on the strongest
observed adjusted odds ratio (aOR) in fully adjusted model 4.

To determine if excluded cases from Minnesota and Montana
differed from analyzed cases, we compared rates of severe
outcomes overall, by state, and by age group.

Descriptive statistics and regression analyses were conducted
using SAS OnDemand for Academics v3.8 (SAS Institute;
www.sas.com). E-values were calculated using evalue-
calculator.com .

Ethics approval

This study was considered exempt by the University of North
Dakota Institutional Review Board (protocol number IRB0004484).

Results

This analysis included 453 286 COVID-19 cases in Minnesota and
Montana in 2020. Of those, 26 518 (5.85%) had severe COVID-19.
The prevalence of severe outcomes in Minnesota and Montana
was 6.01% and 4.75%, respectively. Prevalence of severe COVID-19
among rural/non-MUA, rural/MUA, urban/non-MUA, and
urban/MUA were 4.52%, 5.53%, 6.23%, and 5.86%, respectively.
Distribution of severe outcomes by demographic and county-level
factors can be found in Table 1.

Hierarchical regression results are in Table 2. In model 1 (urban–
rural status, excluding MUA status), the odds of severe COVID-19
among those living in a rural county were 13% (aOR: 0.87, 95%CI:
0.83–0.91) lower than those living in an urban county. In model 2
(MUA status, excluding urban–rural status), the odds of severe
COVID-19 among those living in a MUA county were 24% (aOR:
1.24, 95%CI: 1.18–1.30) higher than those living in a non-MUA
county. In model 3 (urban–rural status and MUA status), the odds
of severe outcomes among those living in a rural county were 9%
(aOR: 0.91, 95%CI: 0.87–0.95) lower than those living in an urban
county, and the odds of severe outcomes among those living in a
MUA county were 20% (aOR: 1.20, 95%CI: 1.13–1.26) higher than
those living in a non-MUA county.

In model 4 (joint urban–rural/MUA exposure) overall, odds of
severe COVID-19 were highest for those in urban/MUA counties

(aOR: 1.36, 95%CI: 1.27–1.44), and urban/MUA was the only
statistically significant observation (p-interaction<0.01).

In the age-stratified analysis, among those aged 65 years or more,
the odds of severe COVID-19 among those living in an urban/non-
MUA and urban/MUA county were 18% (95%CI: 1.10–1.27) and
44% (95%CI: 1.32–1.57) higher than the odds among those living in
a rural/non-MUA county, respectively. A similar pattern of risk was
observed for the 18–49 and 50–64 year age groups. Among those
aged 0–17 years, aOR suggests a decreased risk of severe
COVID-19 among those living in urban areas, yet CI values were
wide and p-interaction was >0.20. Of note, the rural*MUA
p-interaction was only statistically significant for those aged 50–64,
with the highest risk being among those living in an urban/MUA
county (aOR: 1.81, 95%CI: 1.58–2.07). Living in a rural/MUA county
was associated with higher odds of severe outcomes only among
the ≥65 year age group (aOR: 1.15, 95%CI: 1.02–1.31). p-values for
interaction are included in Table 3.

In the state-stratified analysis, results varied between the two
states (Table 4). In Minnesota, aOR indicated a small increase in risk
among those living in urban/non-MUA counties (aOR: 1.05, 95%CI:
0.99–1.11; p-interaction 0.72). However, in Montana, compared to
those in a rural/non-MUA county those living in a rural/MUA
county had the highest odds of severe COVID-19 (aOR: 2.68,
95%CI: 1.99–3.61), and increased odds of severe outcomes were
also observed in urban/MUA and urban/non-MUA among most
age groups (p-interaction<0.01).

For comparison of excluded versus analyzed cases, only Minnesota
cases were examined because Montana cases from counties with
low case counts had both county FIPS and state FIPS suppressed.
Overall, severe case rates were 5.90% among excluded cases and
5.85% among analyzed cases. For Minnesota, the severe case rate
was 5.90% among excluded cases and 6.01% among analyzed
cases (Supplementary table 1).

In the period-stratified sensitivity analysis (Supplementary table 2),
odds of severe outcomes among those living in rural/MUA
counties were higher prior to August 2020 (aOR: 1.16, 95%CI:
0.78–1.72) than in August to December 2020 (aOR: 1.09, 95%CI:
0.99–1.20), although confidence intervals were wide.

E-values for unmeasured confounders based on the urban/MUA
joint exposure in model 4 (aOR: 1.36, 95%CI: 1.27–1.44) were
estimated. For the overall model, the estimated E-value  was 2.06
(lower control limit E-value: 1.86). Age-specific E-values  were
higher than 2.06 (Supplementary table 3).
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Table 1:  Descriptive statistics of severe COVID-19, Minnesota and Montana, 2020

Table 2:  Adjusted odds ratio of rural county and MUA county and severe COVID-19, stratified by age group, Minnesota and
Montana, 2020

Table 3:  Interaction term analysis for model 3, overall and stratified by age and state, Minnesota and Montana, 2020



Table 4:  Adjusted odds ratio of rural county and MUA county and severe COVID-19, stratified by age group and state,
Minnesota and Montana, 2020

Discussion

In this study of the association between joint exposure to
rural/MUA counties, results suggest lower odds of severe
outcomes among rural than urban counties, higher odds among
MUA than non-MUA counties, and higher odds among
urban/MUA than rural/non-MUA. The association between joint
exposure to rural/MUA and severe COVID-19 may vary between
Minnesota and Montana.

Early in the pandemic, the observed lower risk among rural areas
may have been due to lower population density and natural social
distancing in rural counties . Lower population density may have
led to a slower spread of COVID-19  and has been linked to lower
county-level COVID-19 mortality rates . Similar trends were
observed in the 1918–1919 influenza pandemic, with higher rates
of mortality among urban populations, and timing of pandemic
onset varying by population size . More recent data suggest a
similar urban–rural difference in infectious respiratory disease
outbreaks. For instance, in China, from 2010 to 2018, influenza
outbreaks were more intense in urban than in rural areas .

Our observation of lower odds of severe COVID-19 among those
living in rural counties aligns with two ecologic studies that
examined COVID-19 mortality rates early in the pandemic .
One study using USAFacts data from January to June 2020 found a
lower mortality rate in rural counties than in urban counties . A
second study using Johns Hopkins University data as of October
2020 found lower mortality rates in rural counties than in urban
counties, independent of a range of social determinants of
health . The results from these two studies indicate a lower rate
of severe COVID-19 in rural counties early in the pandemic. Data
from early in the pandemic suggest those living in rural areas had
better COVID-19-related outcomes than those living in rural areas

in India, Ireland, Scotland, and South Africa . Thus, the urban–
rural difference early in the pandemic was not US-specific.

However, a third US-based ecologic study found that mortality
rates shifted between urban and rural counties in 2020 . This
study compared COVID-19 county mortality rates over time by
examining USAFacts data between March and October 2020 and
found that the mortality rates were lower in rural counties from
March to August 2020, with mortality rates higher in rural counties
than urban counties after August 2020 . Additionally, a fourth US-
based ecologic study of COVID-19 county-level mortality used
New York Times data from January to December 2020 and found
rural county residence was associated with a higher case fatality
ratio than urban counties .

Varying time periods of analysis may partially explain different
results between prior studies. Early in the pandemic (February–
August 2020), COVID-19 case rates and severe outcomes rates
were higher in urban than in rural counties, yet this flipped in the
following months. Two studies that included a similar time period
of analysis (February–October 2020) highlight this effect of
time . One study did not stratify by time and observed an
overall protective effect of rural residence . A second study
examined three 11-week time periods and observed a protective
effect of rural residence prior to August 2020 and an increased risk
associated with rural residence after August 2020 . Thus,
observations of a protective effect of rural residence were likely
driven by data early in the pandemic , while the one study
reporting a uniform increase in risk associated with rural residence
was likely driven by data later in the pandemic . Our period-
stratified sensitivity analysis reflects the change, as urban areas had
two-fold higher risk of poor outcomes prior to August 2020, and
increased risk among urban areas was largely mitigated after
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August 2020 (Supplementary table 2). A study from South Africa
also observed a shift in COVID-19 attack rates between urban and
rural communities as the pandemic persisted. Specifically, the
COVID-19 attack rate was higher in urban areas from March to
November 2020, but higher in rural areas after November 2020 .

August 2020 being a turning point in risk for COVID-19 among
rural communities aligns with data regarding urban versus rural
perceptions on COVID-19 prevention efforts, as well as a ‘super
spreader’ event that affected rural communities across the US.
Data collected in August 2020 from a largely rural state showed
that individuals in rural communities were less concerned about
COVID-19, less likely to social distance, and more likely to follow
regular daily routines than those in urban areas; thus, in
August 2020, rural communities were susceptible to local
COVID-19 outbreaks . Also in August 2020, the Sturgis
Motorcycle Rally was held in South Dakota with approximately
500 000 attendees with little adherence to COVID-19 prevention
measures . As a result, COVID-19 cases in South Dakota increased
by 35% in the month following the rally. Nationally, counties with a
high proportion of residents attending the rally had COVID-19
outbreaks in the weeks following the rally. Rural communities in
both Minnesota and Montana had relatively high numbers of
attendees at the rally . The confluence of rural communities not
adhering to COVID-19 prevention practices and a ‘super spreader’
event with nationwide impacts likely contributed to the increased
risk of severe COVID-19 outcomes among rural communities after
August 2020.

Varying definitions of ‘rural’ may contribute to inconsistent
observations among prior studies. Three prior studies and the
current analysis identified rural areas by methods based on the
federal Office of Management and Budget’s definition (OMB,
Rural–Urban Commuting Area codes, National Center for Health
Statistics urban–rural classification) . The OMB definition
identifies counties as metropolitan (50 000 or more population),
micropolitan (10 000–49 999 population), or neither, and counties
not classified as metropolitan are classified as rural . The fourth
prior study identified rural areas based on the US Census Bureau
definition , which identifies urbanized areas (50 000 or more
population) and urban clusters (2500–49 999 population).
However, ‘rural’ is not defined by the Census Bureau, as all areas
outside of urbanized areas and urban clusters are considered rural.
A comparison of these two methods by the Federal Office of Rural
Health Policy found that the OMB definition likely includes rural
areas as parts of urban counties, while the Census Bureau
definition likely classifies suburban areas as rural . Thus, the OMB
definition may undercount rural populations, while the Census
Bureau may overcount rural populations. These different
definitions of ‘rural’ may lead to meaningful differences in
conclusions of the effect of rural residence . Taking the effect of
time and varying definitions of ‘rural’ into account, accumulating
evidence using ecologic and hierarchical data from USAFacts ,
Johns Hopkins , and CDC, we found that rural county residence
was protective against severe COVID-19 early in the pandemic.

This analysis also suggests individuals residing in MUA counties
had higher odds of severe COVID-19 than individuals residing in
non-MUA counties. Regardless of urban–rural status, limited access
to healthcare resources may put individuals at risk for severe
COVID-19. Our results using MUA as a measure of healthcare
access align with an ecologic study, using data from March–May
2020, that found HPSAs had significantly higher rates of

COVID-19 mortality . MUAs are communities with persistent
socioeconomic disadvantages , and populations within
underserved areas have a higher prevalence of obesity,
hypertension, and diabetes, which increases risk of severe
COVID-19 . Our observations support the hypothesis that lack of
healthcare access contributed to disparities during the COVID-19
pandemic , yet further study is warranted regarding MUA status
and COVID-19 outcomes.

We also examined the effect of joint urban–rural/MUA exposure on
severe COVID-19. Compared to those living in rural/non-MUA
counties, those living in urban/MUA counties had the highest odds
of severe outcomes overall and among adult age groups. Adults
living in urban/MUA areas had 44–81% higher odds of severe
outcomes, based on age group, and those living in rural/MUA
counties had a small increase in odds. Thus, MUA status may be a
more important predictor of severe COVID-19 among urban
counties than in rural counties due to easier spread of infection in
areas with high population density. MUAs, with higher poverty,
limited access to care, high uninsured rates, and a higher
prevalence of comorbidities, may exacerbate the risk of severe
COVID-19 in densely populated urban counties .

The ≥65 year age group was the only age group with higher odds
of severe COVID-19 among those living in rural/MUA counties
compared to rural/non-MUA, highlighting important differences
between these two categories of rural counties in the older adult
population. Older adults often have more comorbidities than other
age groups , and those living in rural or MUA counties have
higher rates of comorbidities; therefore, older adults living in
rural/MUA counties may have a higher risk of severe COVID-19 .
However, rural*MUA p-interaction for those 65 years or more
differed overall (p-interaction=0.50) and by state (Minnesota
p-interaction=0.03; Montana p-interaction<0.01), suggesting the
state of residence may confound the rural*MUA interaction.

Associations between joint urban–rural/MUA status and severe
outcomes among children were inverse compared to adult age
groups. In the child age group, those living in rural/MUA had the
highest odds and urban/MUA had the lowest odds. However, in
adult age groups, compared to rural/MUA counties, those living in
rural/MUA counties had the lowest odds and urban/MUA counties
had the highest odds for severe outcomes. Although CI values
were wide, results suggest that children had a different experience
during the first year of the pandemic than adults. There is evidence
that fewer children get severely sick and generally have milder
symptoms, especially early in the pandemic . Rurality and
healthcare access may have a greater impact on adults because
their infections are generally more severe. Research is warranted to
better understand these exposures among children.

In the state-stratified analysis, results varied between Minnesota
and Montana. In Minnesota, compared to living in a rural/non-
MUA county, living in a rural/MUA or urban/MUA county had small
lower odds of severe outcomes, while those living in urban/non-
MUA counties had higher odds. In Montana, living in a rural/MUA,
urban/non-MUA, or urban/MUA county was associated with higher
odds. Differences between states could be attributed to varying
state-level COVID-19 mitigation policies . Minnesota’s stay-at-
home order lasted from 27 March to 4 May 2020, but limits for
businesses, indoor events, gatherings, bars, and restaurants were
in place until 28 May 2021 . Montana’s stay-at-home order lasted
from 26 March to 24 April 2020, and mainly affected retail and
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restaurants . Minnesota’s policies may have resulted in a more
even distribution of risk for severe COVID-19 across all counties,
whereas Montana’s less restrictive policies may have contributed
to varied risk across age groups and urban–rural/MUA status.

The CDC data used in this analysis have limited information on
individual-level medical and demographic risk factors. We
estimated E-values to determine the effect of unmeasured
confounders. Based on the fully adjusted model 4 results, we
calculated E-values for the highest observed aOR (urban/MUA)
overall and by age group. The estimated E-value  for the overall
model was 2.06, suggesting that an aOR of at least 2.06 between
unmeasured confounders and both urban–rural/MUA status and
severe COVID-19 must be found for the unmeasured confounders
to completely explain away the observed association. Obesity, an
unmeasured confounder of high prevalence in the US , is
associated with a low-to-moderate increased risk of COVID-19
hospitalization and death, with adjusted rate ratios among obese
adults compared to healthy adults ranging from 1.07 to 1.33 . In
addition, there is a moderate association between obesity and
living in a rural area, with an aOR of 1.19 (95%CI:
1.06–1.34) . Given that these associations between obesity and
severe outcomes and urban–rural status are lower than the
observed E-value of 2.06, we are confident that our results are
robust, and similar associations would be found if obesity was
included in analysis (Supplementary table 3).

Other unmeasured chronic conditions may also affect this
association. A systematic review found high odds of severe
COVID-19 among those with cardiovascular disease (OR: 3.86,
95%CI: 2.70–5.52), hypertension (OR: 2.56, 95%CI: 2.12–3.11), and
diabetes (OR: 2.54, 95%CI: 1.89–3.41) . However, there is evidence
that individual factors may only have a moderate association with
community-level indicators . For example, a study found only
moderately higher odds of diabetes among rural residents (aOR:
1.19, 95%CI: 1.01–1.20) . Given the association between
comorbidities and severe COVID-19 is greater than the observed
E-value (2.06), and the association between rural residence and
obesity is less than the observed E-value , our findings may
overstate the true relationship between urban–rural/MUA status
and severe COVID-19. However, our observations still suggest a
meaningful association (Supplementary table 3).

Strengths and limitations

This study has several notable strengths. First, we used hierarchical
logistic regression models that adjusted for both individual- and
county-level covariates, which is not possible in ecologic
analyses. Second, a joint urban–rural/MUA exposure variable
allows us to better understand the different scales of interaction
between rurality and MUA status. No literature to date has
examined associations between joint urban–rural/MUA exposure
and severe COVID-19. Third, more than 453 000 COVID-19 cases
from Minnesota and Montana were included in the analysis, which
represents approximately 90% of the total cases reported in the
two states in 2020 . This large sample size and coverage of the
states provided more generalizable results.

These results should be considered in the context of limitations.
First, analysis was limited to cases in Minnesota and Montana
counties in 2020, which limits the generalizability of the findings.
However, 92% of Minnesota cases and 71% of Montana cases were
represented in the data. Second, because of varying reporting
procedures between states, many observations had missing values.
Outcome variables were included regardless of missing status by
reclassifying data to include unknown, missing, and NA outcome
variables as no severe outcome, yet hospitalization and mortality
rates were consistent between state COVID-19 reporting websites
and the CDC data with our parameterization of the outcome
variable. Third, cases with missing FIPS codes were excluded. For
Minnesota, cases from counties with low case counts had county
FIPS codes suppressed. For Montana, cases from counties with low
case counts had both county FIPS and state FIPS suppressed. Thus,
we were only able to examine excluded cases from Minnesota.
Comparing excluded cases to the analytic sample from Minnesota
suggests distribution of demographic factors were similar between
these two groups, minimizing concerns about bias (Supplementary
table 1). In addition, given that Montana counties with low case
counts were suppressed and were likely rural counties, the
reported risk of severe COVID-19 is biased towards the null. If all
counties were included, we would likely see it is underreporting
before August 2020 and overreporting after August. Finally, due to
missing values and lack of reporting in the CDC data, we were
unable to include data on other factors associated with severe
COVID-19, including ICU admission, intubation, and mechanical
ventilation, as an outcome variable in our analysis.

Conclusion

These results suggest that severe cases of COVID-19 were more
pronounced in urban/MUA counties in the early stages of the
COVID-19 pandemic, suggesting the virus proliferated in
urban/MUA counties early before moving into rural and non-MUA
counties . The results highlight the need for locality-based public
health recommendations that account for underserved areas, as
opposed to state- or national-level blanket approaches. Results
can also help plan for a potential next pandemic by identifying
community characteristics of counties that are most in need of
resources and education. Further research should continue to
understand the impact of COVID-19 on rural and MUA counties
throughout and after the pandemic.

Funding

Funding was obtained from the National Institute of General
Medical Sciences of the National Institutes of Health (grant
number P20GM139759).

Funding sources had no role in the study design; in the collection,
analysis and interpretation of data; in the writing of the report; and
in the decision to submit the article for publication.

Conflicts of interest

The authors have no competing interests to report.

REFERENCES:
1 Cucinotta D, Vanelli M. WHO declares COVID-19 a pandemic.
Acta Biomedica 2020; 91(1): 157-160. DOI link
2 Johns Hopkins University and Medicine. COVID-19 map – Johns

Hopkins Coronavirus Resource Center. 2020. Available: web link
(Accessed 2 August 2022).
3 Centers for Disease Control and Prevention. CDC COVID data

55

OR

6

56

57

OR 

58

59

60

OR 
OR

23,24

3



tracker. 2021. Available: web link (Accessed 2 August 2022).
4 Centers for Disease Control and Prevention. Underlying medical
conditions associated with higher risk for severe COVID-19:
information for healthcare professionals. 2022. Available: web link
(Accessed 23 April 2022).
5 Peters DJ. Community susceptibility and resiliency to COVID-19
across the rural–urban continuum in the United States. Journal of
Rural Health 2020; 36(3): 444-456. DOI link, PMid:32543751
6 Razzaghi H, Wang Y, Lu H, Marshall KE, Dowling NF, Paz-Bailey G,
et al. Estimated county-level prevalence of selected underlying
medical conditions associated with increased risk for severe
COVID-19 illness – United States, 2018. Morbidity and Mortality
Weekly Report 2020; 69(29): 945-950. DOI link, PMid:32701937
7 Cross SH, Califf RM, Warraich HJ. Rural–urban disparity in
mortality in the US from 1999 to 2019. Journal of the American
Medical Association 2021; 325(22): 2312-2314. DOI link,
PMid:34100876
8 Committee on Ways and Means Majority U.S. House of
Representatives. Left out: barriers to health equity for rural and
underserved communities. Report of the Committee on Ways and
Means Majority U.S. House of Representatives. 2020. Available:
web link (Accessed 14 November 2023).
9 Chen K, Li Z. The spread rate of SARS-CoV-2 is strongly
associated with population density. Journal of Travel Medicine
2020; 27(8): taaa186. DOI link, PMid:33009808
10 Chen D, Hu C, Su F, Song Q, Wang Z. Exposure to SARS-CoV-2
in a high transmission setting increases the risk of severe
COVID-19 compared with exposure to a low transmission setting?
Journal of Travel Medicine 2020; 27(5): taaa094. DOI link,
PMid:32502262
11 Karim SA, Chen HF. Deaths from COVID-19 in rural,
micropolitan, and metropolitan areas: a county-level comparison.
Journal of Rural Health 2021; 37(1): 124-132. DOI link,
PMid:33155723
12 Paul R, Arif A, Pokhrel K, Ghosh S. The association of social
determinants of health with COVID-19 mortality in rural and urban
counties. Journal of Rural Health 2021; 37(2): 278-286. DOI link,
PMid:33619746
13 Matthews KA, Ullrich F, Gaglioti AH, Dugan S, Chen MS, Hall
DM. Nonmetropolitan COVID-19 incidence and mortality rates
surpassed metropolitan rates within the first 24 weeks of the
pandemic declaration: United States, March 1–October 18, 2020.
Journal of Rural Health 2021; 37(2): 272-277. DOI link,
PMid:33619806
14 Iyanda AE, Boakye KA, Lu Y, Oppong JR. Racial/ethnic
heterogeneity and rural-urban disparity of COVID-19 case fatality
ratio in the USA: a negative binomial and GIS-based analysis.
Journal of Racial and Ethnic Health Disparities 2022; 9: 708-721.
DOI link, PMid:33638102
15 Gray DM, Anyane-Yeboa A, Balzora S, Issaka RB, May FP.
COVID-19 and the other pandemic: populations made vulnerable
by systemic inequity. Nature Reviews Gastroenterology and
Hepatology 2020; 17(9): 520-522. DOI link, PMid:32541960
16 Ku BS, Druss BG. Associations between primary care provider
shortage areas and county-level COVID-19 infection and mortality
rates in the USA. Journal of General Internal Medicine 2020; 35(11):
3404-3405. DOI link, PMid:32827110

17 Loftus J, Allen EM, Call KT, Everson-Rose SA. Rural-urban
differences in access to preventive health care among publicly
insured Minnesotans. Journal of Rural Health 2018; 34: s48-s55.
DOI link, PMid:28295584
18 Douthit N, Kiv S, Dwolatzky T, Biswas S. Exposing some
important barriers to health care access in the rural USA. Public
Health 2015; 129(6): 611-620. DOI link, PMid:26025176
19 Health Resources and Services Administration. Medically
underserved areas/populations (MUA/P). Available: web link
(Accessed 6 June 2022).
20 Brandt K, Goel V, Keeler C, Bell GJ, Aiello AE, Corbie-Smith G, et
al. SARS-CoV-2 testing in North Carolina: Racial, ethnic, and
geographic disparities. Health and Place 2021; 69: 102576. DOI
link, PMid:33915376
21 de Mutsert R, Jager KJ, Zoccali C, Dekker FW. The effect of joint
exposures: examining the presence of interaction. Kidney
International 2009; 75(7): 677-681. DOI link, PMid:19190674
22 CDC Case Surveillance Task Force. COVID-19 Case surveillance
public use data with geography. 2021. Available: web link (Accessed
10 October 2021).
23 Minnesota Department of Health. Situation update for
COVID-19. Available: web link (Accessed 23 October 2021).
24 Montana Department of Public Health and Human Services.
Coronavirus disease 2019 (COVID-19). Available: web link (Accessed
23 October 2021).
25 United States Census Bureau. American Community Survey
5-year data (2009–2019). 2020. Available: web link (Accessed 16
November 2021).
26 United States Census Bureau. Selected economic characteristics,
2019 ACS 5-year estimates data profiles, TableID: DP03. Available:
web link (Accessed 14 November 2023).
27 United States Census Bureau. ACS demographic and housing
estimates, 2019 ACS 5-year estimates data profiles, TableID: DP05.
Available: web link (Accessed 14 November 2023).
28 Munõz-Price LS, Nattinger AB, Rivera F, Hanson R, Gmehlin CG,
Perez A, et al. Racial disparities in incidence and outcomes among
patients with COVID-19. JAMA Network Open 2020; 3(9):
e2021892. DOI link, PMid:32975575
29 Hawkins RB, Charles EJ, Mehaffey JH. Socio-economic status
and COVID-19-related cases and fatalities. Public Health 2020; 189:
129-134. DOI link, PMid:33227595
30 Adhikari S, Pantaleo NP, Feldman JM, Ogedegbe O, Thorpe L,
Troxel AB. Assessment of community-level disparities in
coronavirus disease 2019 (COVID-19) infections and deaths in
large US metropolitan areas. JAMA Network Open 2020; 3(7):
e2016938. DOI link, PMid:32721027
31 McLaughlin JM, Khan F, Pugh S, Angula FJ, Schmitt HJ, Isturiz R,
et al. County-level predictors of coronavirus disease 2019
(COVID-19) cases and deaths in the United States: what happened,
and where do we go from here? Clinical Infectious Diseases 2021;
73(7): e1814-e1821. DOI link, PMid:33211797
32 Izurieta HS, Graham DJ, Jiao Y, Hu M, Lu Y, Wu Y, et al. Natural
history of coronavirus disease 2019: risk factors for hospitalizations
and deaths among >26 million US Medicare beneficiaries. Journal
of Infectious Diseases 2021; 223(6): 945-956. DOI link,
PMid:33325510



33 Caldwell JT, Ford CL, Wallace SP, Wang MC, Takahashi LM.
Intersection of living in a rural versus urban area and race/ethnicity
in explaining access to health care in the United States. American
Journal of Public Health 2016; 106(8): 1463-1469. DOI link,
PMid:27310341
34 Ingram DD, Franco SJ. 2013 NCHS urban-rural classification
scheme for counties. Vital Health Statistics 2 2014; 166: 1-73.
35 Health Resources & Services Administration. Scoring shortage
designations. 2020 Available: web link (Accessed 15 April 2022).
36 Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence
of comorbidities and its effects in coronavirus disease 2019
patients: a systematic review and meta-analysis. International
Journal of Infectious Diseases 2020; 94: 91-95. DOI link,
PMid:32173574
37 Rosenthal N, Cao Z, Gundrum J, Sianis J, Safo S. Risk factors
associated with in-hospital mortality in a US national sample of
patients with COVID-19. JAMA Network Open 2020; 3(12):
e2029058. DOI link, PMid:33301018
38 Mathur MB, Ding P, Riddell CA, VanderWeele TJ. Web site and R
package for computing E-values. Epidemiology 2018; 29(5): e45-
e47. DOI link, PMid:29912013
39 van der Weele TJ, Ding P. Sensitivity analysis in observational
research: introducing the E-value. Annals of Internal Medicine 2017;
167(4): 268-274. DOI link, PMid:28693043
40 Martins-Filho PR. Relationship between population density and
COVID-19 incidence and mortality estimates: a county-level
analysis. Journal of Infection and Public Health 2021; 14(8):
1087-1088. DOI link, PMid:34245973
41 Chowell G, Bettencourt LMA, Johnson N, Alonso WJ, Viboud C.
The 1918-1919 influenza pandemic in England and Wales: spatial
patterns in transmissibility and mortality impact. Proceedings of the
Royal Society B: Biological Sciences 2008; 275(1634): 501-509. DOI
link, PMid:18156123
42 Chen Y, Leng K, Lu Y, Wen L, Qi Y, Gao W, et al. Epidemiological
features and time-series analysis of influenza incidence in urban
and rural areas of Shenyang, China, 2010-2018. Epidemiology and
Infection 2020; 148: e29. DOI link, PMid:32054544
43 Bhocal U, Katyal A, Dhull D, Raghuraman K, Nandal N, Gill PS.
Assessment of clinical and virological outcomes of rural and urban
populations: COVID-19. Journal of Family Medicine and Primary
Care 2022; 11(10): 6074-6080. DOI link, PMid:36618254
44 Boudou M, ÓhAiseadha C, Garvey P, O’Dwyer J, Hynds P.
Modelling COVID-19 severity in the Republic of Ireland using
patient co-morbidities, socioeconomic profile and geographic
location, February to November 2020. Scientific Reports 2021;
11(1): 18474. DOI link, PMid:34531478
45 Palmateer NE, Dickson E, Furrie E, Godber I, Goldberg DJ,
Gousias P, et al. National population prevalence of antibodies to
SARS-CoV-2 in Scotland during the first and second waves of the
COVID-19 pandemic. Public Health 2021; 198: 102-105. DOI link,
PMid:34411992
46 Kleynhans J, Tempia S, Wolter N, von Gottberg A, Bhiman JN,
Buys A, et al. SARS-CoV-2 seroprevalence in a rural and urban
household cohort during first and second waves of infections,
South Africa, July 2020–March 2021. Emerging Infectious Diseases

2021; 27(12): 3020-3029. DOI link, PMid:34477548
47 Greteman B, Garcia-Auguste C, Gryzlak B, Kahl A, Lutgendorf S,
Chrischilles E, et al. Rural and urban differences in perceptions,
behaviors, and health care disruptions during the COVID-19
pandemic. Journal of Rural Health 2022; 38: 932-944. DOI link,
PMid:35466479
48 Dave D, McNichols D, Sabia JJ. The contagion externality of a
superspreading event: the Sturgis Motorcycle Rally and COVID-19.
Southern Economic Journal 2021; 87(3): 769-807. DOI link,
PMid:33362303
49 US Department of Health and Human Services. Defining rural
population. 2020. Available: web link (Accessed 16 July 2022).
50 Dashputre AA, Surbhi S, Podila PSB, Shuvo SA, Bailey JE. Can
primary care access reduce health care utilization for patients with
obesity-associated chronic conditions in medically underserved
areas? Journal of Evaluation in Clinical Practice 2020; 26(6):
1689-1698. DOI link, PMid:32078219
51 Bibbins-Domingo K. This time must be different: disparities
during the COVID-19 pandemic. Annals of Internal Medicine 2020;
173(3). DOI link, PMid:32343767
52 Chung E, Chow EJ, Wilcox NC, Burstein R, Brandstetter E, Han
PD, et al. Comparison of symptoms and RNA levels in children and
adults with SARS-CoV-2 infection in the community setting. JAMA
Pediatrics 2021; 175(10): e212025. DOI link, PMid:34115094
53 Thompson LA, Rasmussen SA. One year later, how does
COVID-19 affect children? JAMA Pediatrics 2021; 175(2): 216. DOI
link, PMid:33369630
54 Brauner JM, Mindermann S, Sharma M, Johnston D, Salvatier J,
Gavenciak T, et al. Inferring the effectiveness of government
interventions against COVID-19. Science 2021; 371(6531):
eabd9338. DOI link, PMid:33323424
55 USA Today. COVID-19 restrictions. 2022. Available: web link
(Accessed 9 April 2022).
56 Kompaniyets L, Goodman AB, Belay B, Freedman DS, Sucosky
MS, Lange SJ, et al. Body mass index and risk for COVID-19-related
hospitalization, intensive care unit admission, invasive mechanical
ventilation, and death – United States, March–December 2020.
Morbidity and Mortality Weekly Report 2021; 70(10): 355-361. DOI
link, PMid:33705371
57 Trivedi T, Liu J, Probst J, Merchant A, Jones S, Martin AB. Obesity
and obesity-related behaviors among rural and urban adults in the
USA. Rural and Remote Health 2015; 15(4): 3267. DOI link,
PMid:26458564
58 Harrison SL, Buckley BJR, Rivera-Caravaca JM, Zhang J, Lip GYH.
Cardiovascular risk factors, cardiovascular disease, and COVID-19:
an umbrella review of systematic reviews. European Heart Journal –
Quality of Care and Clinical Outcomes 2021; 7(4): 330-339. DOI
link, PMid:34107535
59 Pickett KE, Pearl M. Multilevel analyses of neighbourhood
socioeconomic context and health outcomes: a critical review.
Journal of Epidemiology and Community Health 2001; 55(2):
111-122. DOI link, PMid:11154250
60 Krishna S, Gillespie KN, McBride TM. Diabetes burden and
access to preventive care in the rural United States. Journal of Rural
Health 2010; 26(1): 3-11. DOI link, PMid:20105262



This PDF has been produced for your convenience. Always refer to the live site https://www.rrh.org.au/journal/article/8373 for the
Version of Record.


