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ABSTRACT

Context: It is well established that rural communities face geographic and socioeconomic challenges linked to higher rates
of health disparities across the United States, though the coronavirus disease 2019 (COVID-19) impact on rural communities
is less certain.
Objective: To understand the COVID-19 pandemic’s impact on rural communities in Tennessee, investigate differences in
rural-urban mortality rates after controlling for confounding variables, and inform state pandemic response policy.
Design: A cross-sectional analysis of cumulative COVID-19 morality rates.
Setting/Participants: Tennessee county-level COVID-19 mortality data from March 1, 2020, to January 31, 2021, were
matched with county-level sociodemographic and health data from public datasets: Agency for Healthcare Research and
Quality Social Determinants of Health, PLACES: Local Data for Better Health County Data, and the US Census Bureau.
County status was defined using the 2013 National Center for Health Statistics Urban-Rural Classification.
Main Outcome Measures: A negative binomial regression model estimated adjusted incidence rate ratio and 95% con-
fidence intervals (CI) for rural compared with urban mortality. Unadjusted rate ratios and rate differences for COVID-19
mortality in rural versus urban counties were compared with those for influenza and pneumonia and all-cause mortality
over the past 5 years.
Results: During the study period, 9650 COVID-19 deaths occurred across 42 urban and 53 rural counties. Controlling for
county-level sociodemographic characteristics, health care access, and comorbidities, incidence rate ratio was 1.13 (95%
CI, 1.00-1.28, P < .05) for rural as compared with urban deaths. Unadjusted COVID-19 mortality risk difference between
rural and urban counties was greater (61.85, 95% CI, 54.31-69.31) than 5-year influenza and pneumonia rural-urban risk
difference (12.57, 95% CI, 11.16-13.00) during 2015-2019.
Conclusions: COVID-19 mortality rates were greater for populations living in Tennessee’s rural as compared with urban
counties during the study period. This differential impact must be considered in public health decision making to mitigate
COVID-19.
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The United States faces geographical dispari-
ties in health and disease. Reduction of health
inequities, including those between rural and

urban counties, remains an important public health
policy goal and an emphasis of the Centers for Dis-
ease Control and Prevention’s (CDC) health equity
strategy.1-3 Since the first documented case of COVID-
19 in the United States in January 2020, weekly
incidence has differed between urban and rural areas.4
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Early in the pandemic, from mid-March to mid-
May 2020, cumulative incidence was highest among
residents of large urban areas where the virus was
initially introduced. As the course of the pandemic
progressed, however, cumulative incidence increased
steadily in rural areas,4 followed closely by rising
mortality rates.5

Rural communities make up a sizeable proportion
in many states. This includes Tennessee, with a ma-
jority of the land area and approximately 22% of
the resident population in rural areas in 2019.6 Ten-
nessee has notable differences between urban and
rural communities in population size, demographics,
culture, infrastructure, and population health. Health
care access also varies; rural hospital access has de-
clined over recent years, including throughout the
COVID-19 pandemic. Like other southern US states,
Tennessee has seen a large effect from rural hospi-
tal closures, losing 9 hospitals over the last 5 years
alone.7 Due in part to geographic and socioeconomic
challenges, many rural communities experience higher
rates of health disparities (including COVID-19 mor-
tality differences) attributed to socioeconomic status,8

racial disparities,9,10 social determinants of health,11,12

age differences,13 and urbanization patterns.14

To provide additional insight into rural commu-
nities’ vulnerability to COVID-19, influenza and
pneumonia death rates can serve as a historical com-
parator in rural regions. Commonly observed clinical
signs in COVID-19 (eg, fever, cough, shortness of
breath) are similar to those of other respiratory vi-
ral diseases including influenza.15 In addition, there
are also similarities in the modes of transmission
and populations at highest risk.16 Previous studies
have identified rural-urban disparities in influenza and
pneumonia mortality rates; these have widened over
time, with rural areas showing increased mortality
from influenza and pneumonia.17 While rural-urban
inequalities in COVID-19 mortality rates might reflect
disparities across multiple factors, we expect some
of these factors to be similar when comparing dif-
ferences in rural-urban mortality rates for COVID-19
with influenza and pneumonia.

To better characterize the effects of the COVID-19
pandemic on communities in Tennessee and address
rural health concerns, we investigated differences
in urban and rural mortality rates attributed to
COVID-19 prior to widespread COVID-19 vaccine
availability. We compared differences in COVID-19
mortality rates for the study period with influenza and
pneumonia mortality and all-cause mortality rates
from 2015 to 2019 by county type, respectively, for
additional insight into understanding rural commu-
nity vulnerability. Our objective was to further inform
current and future state health policy decisions and

provide data for public health planning, resource al-
location, equitable vaccine distribution, and future
response efforts.

Methods

Data sources

Data on deaths attributed to COVID-19 at the county
level reported from March 1, 2020, to January 31,
2021, were obtained from the Tennessee Depart-
ment of Health.18 County-level sociodemographic
data were obtained from public datasets including the
Agency for Healthcare Research and Quality (AHRQ)
database on Social Determinants of Health,19 the
PLACES: Local Data for Better Health County Data
2020 Release,20 the Census Bureau 2015-2019 county
population data,21 and the Underlying Cause of
Death, 1999-2019 dataset provided through the Na-
tional Center for Health Statistics (NCHS).22

Outcome and exposure

The outcome measure was mortality rate attributed
to COVID-19 for each county; death count included
confirmed and probable COVID-19 deaths by day.
Death data for notifiable diseases were collected in the
Tennessee National Electronic Disease Surveillance
System Base System (NBS). Both confirmed deaths
and probable deaths due to COVID-19 were con-
firmed by direct hospital medical record reporting to
public health, vital records review of death certificates,
or by meeting clinical criteria for infection at the time
of death using the CDC criteria.23

Counties were designated as urban (metropoli-
tan) or rural (nonmetropolitan) according to the
2013 NCHS Urban-Rural Classification Scheme for
Counties.6 The methodology used to construct the
2013 NCHS scheme assigns all US counties to 1
of 6 levels: large central metro, large fringe metro,
medium metro, small metro, micropolitan, and non-
core. For this analysis, we combined the 4 metropoli-
tan designations as “urban.” The 2 nonmetropolitan
designations were combined as “rural.”

Covariates

We treated county-level population characteristics
and health care resources as potential confounders
based on prior studies.24-26 County demographics
were included using US Census Bureau 2018 popu-
lation data, as described later. Age was included using
percentage of people 65 years of age and older. Gen-
der and race were also collected from US Census
Data. American Indian, Asian, Native Hawaiian, and
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multiple races were combined as “Other” due to low
overall percentages. Ethnicity was included separately
as percent Hispanic or non-Hispanic.

To account for socioeconomic confounders, a social
vulnerability index (SVI) score was included for each
county using CDC’s SVI 2018 Documentation.25,27

The SVI scores incorporate socioeconomic status,
household composition and disability, minority status
and language, housing type, and transportation avail-
ability data. Social vulnerability index was ranked
against the entire United States based on percentiles
from 0 to 1, where higher value indicates greater vul-
nerability. Separately, we accounted for variation in
primary care health care access using county-level
health professional shortage area (HPSA) designa-
tions, as determined by US Health Resources &
Services Administration.28 The 2018 HPSA code for
each county was divided into 3 categories: none of the
county, whole county, or 1 or more parts designated
an area with a shortage of primary care physicians.
The HPSA designation was included as a covariate in
our model as it is associated with both exposure and
outcome, though primary care access is not directly
on the causal pathway for COVID-19 mortality.

County-level percentage of individuals with self-
reported diagnoses of high blood pressure, diabetes
(any type), or obesity among adults 18 years of age
and older was included using PLACES: Local Data
for Better Health, County Data Release 2020.20 These
comorbidities are known risk factors for COVID-
19 mortality29 and are unevenly distributed among
people living in rural and urban counties.30

Influenza and pneumonia and all-cause mortality
data were used from the Underlying Cause of Death
database, which contains mortality and population
counts for all US counties based on death certificates
for US residents as collected by NCHS.22 These data
were available through 2019. International Classifi-
cation of Diseases, Tenth Revision (ICD-10) Codes
J09-J18 (influenza and pneumonia) and combined
codes for all-cause mortality for years 2015-2019
were used.

Statistical analysis

We reported categorical variables as frequency and
percentage; continuous variables were reported as
mean and standard deviation. Mortality rates were
computed as the number of confirmed and probable
deaths attributed to COVID-19 per 100 000 popu-
lation. Descriptive analyses were first completed to
enable graphical comparison of the trend of unad-
justed COVID-19 mortality rates statewide and by
exposure of rural or urban county residence per
month during the study period.

To evaluate the association between urban and ru-
ral county designation and COVID-19 mortality, we
fit a negative binomial regression model with to-
tal deaths attributed to COVID-19 (March 2020 to
January 2021) as the outcome variable and urban
or rural status as the primary exposure. Model co-
variates were percentage of county population age
of 65 years and older, percent female, percent Black,
percent Hispanic, SVI percentile, HPSA score, and
percentage of self-reported obesity, hypertension, and
diabetes. Urban counties were used as the reference
group. An offset term was included in the model to ac-
count for the population in each county. All variables
were continuous except HPSA score and rural-urban
designation. Results are presented as incidence rate ra-
tios and 95% confidence intervals (95% CI), where
greater values indicate a greater COVID-19 mortality
incidence rate.

We additionally calculated the unadjusted rate ratio
and rate difference with 95% CI for COVID-19 mor-
tality rates, 5-year influenza and pneumonia mortality
rates (2015-2019), and 5-year all-cause mortality
rates (2015-2019) between urban and rural coun-
ties to provide context into how these compare with
COVID-19 mortality rates. Five years was chosen
for calculation of mortality rates for influenza and
pneumonia to allow for a historical comparator over
multiple influenza seasons. The same time frame for
all-cause mortality was chosen for consistency. All sta-
tistical analysis was performed using SAS 9.4 (SAS
Institute, Inc, Cary, North Carolina). This study was
approved by the Tennessee Department of Health In-
stitutional Review Board and reviewed by CDC and
was conducted consistent with applicable federal law
and CDC policy.∗

Results

We identified 42 urban counties with a total popula-
tion of 514 9879 and 53 rural counties with a total
population of 150 1210, according to the NCHS
Classification scheme. Rural counties contained
22.6% of the total state population in 2018, and an
average of 19.6% (SD: 2.8%) was of age 65 years
and older (see Supplemental Digital Content Table 1,
available at http://links.lww.com/JPHMP/A926,
which demonstrates differences between rural and ur-
ban Tennessee counties). Half of the population living
in both urban and rural counties was female (50.7%,
SD: 1.6% and 50.1%, SD: 2.6%, respectively). Urban
counties were more racially and ethnically diverse.
The SVI percentile—where higher value indicates
greater vulnerability—was greater for rural counties,

∗241(d); 5 USC §552a; 44 USC §3501 et seq.

Copyright © 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/JPHMP/A926


September/October 2022 • Volume 28, Number 5 www.JPHMP.com 481

FIGURE Trend of Unadjusted COVID-19 Mortality Rates per 100 000 Population Shown by Urban or Rural County Designation in Tennessee by Montha

aCOVID-19 mortality rate per 100 000 population for the entire state of Tennessee is also shown. Mortality rates are per month, independent of previous
months. Gray scale and labels designate urban, rural, or total state mortality rates.

which had a mean percentile of 0.7 (SD: 0.2) com-
pared with urban counties with a mean SVI percentile
of 0.5 (SD: 0.2). More rural counties were desig-
nated as an HPSA, with 16 (30.2%) designated as a
shortage area for the entire county compared with 4
(9.5%) urban counties. Rural counties had a greater
percentage of reported comorbidities, with 37.5%
(SD: 2.4%) reporting obesity, 43.2% (SD: 2.4%) with
hypertension, and 15.3% (SD: 1.5%) with diabetes.

There were 9650 total deaths attributed to COVID-
19 during the observation period. COVID-19 mor-
tality rates for urban and rural counties increased
monthly from March 2020 through January 2021
(Figure). Mortality rate was slightly greater for ur-
ban as compared with rural counties from March
through July, with a mortality rate difference between
urban and rural counties ranging from 0.6 to 1.8 per
100 000 population. Beginning in August, mortality
rates in rural counties consistently exceeded in urban
counties, with a mortality rate difference between ru-
ral and urban counties increasing from 3.1 to 16.9 per
100 000 population from August through January.

Results from the negative binomial regression
for association between rural-urban county designa-
tion and COVID-19 mortality after controlling for
county-level characteristics are shown in Table 1. We
observed an incidence rate ratio of 1.13 (95% CI,
1.00-1.28; P < .05) for rural as compared with urban
counties. Comparisons between unadjusted rate ratio
and rate differences per 100 000 person-years be-
tween rural and urban counties are shown in Table 2.

The unadjusted COVID-19 mortality rate ratio from
March 1, 2020, to January 31, 2021 (1.50; 95% CI,
1.44-1.57) and influenza and pneumonia mortality
rate ratio from 2015 to 2019 (1.60; 95% CI, 1.53-
1.69) were similar. The unadjusted rate difference for
COVID-19 mortality between rural and urban coun-
ties was 61.85 (95% CI, 54.31-69.31), greater than
the rate difference for influenza and pneumonia mor-
tality between rural and urban counties (12.57; 95%
CI, 11.16-13.00).

Discussion

COVID-19 continues to have variable impact across
communities. Similar to national trends,5 the COVID-
19 mortality rate in Tennessee was greater in urban
than in rural areas early in the pandemic. However, as
the COVID-19 pandemic progressed, mortality rates
became greater for populations living in rural Ten-
nessee as compared with urban counties, even after
controlling for factors known to impact health in ru-
ral communities. These findings have implications for
public health policy, planning, and resource allocation
for current and future pandemic response.

We observed a transition as cases spread to less
densely populated areas and rural counties expe-
rienced higher mortality rates beginning in August
2020. While rural geography and dispersed popula-
tions likely delayed introduction and spread of the
virus early in the pandemic, this factor was negated
over time. We observed a difference in the adjusted
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TABLE 1
Results of Negative Binomial Regression Model Estimating Association Between Rural-Urban County Designation and
COVID-19 Deaths in Tennessee From March 1, 2020, to January 31, 2021

Adjusted Incidence Rate Ratioa

IRR 95% Confidence Interval

County designation
Urban Reference Reference Reference
Rural 1.13 1.00 1.28b

Characteristic, %
≥65 y 1.01 0.97 1.04
Female 1.01 0.98 1.04
Black 1.00 1.00 1.01
Hispanic 1.00 0.98 1.03

SVI percentilec 1.43 0.96 2.14
HPSA scored

None of county in shortage area Reference Reference Reference
One or more parts of county in shortage area 0.91 0.69 1.20
Whole county in shortage area 0.81 0.59 1.13

Comorbidities, %e

Obesity 0.99 0.97 1.02
Hypertension 1.03 0.98 1.09
Diabetes 1.03 0.96 1.11

Abbreviations: HPSA, health professional shortage area; IRR, incidence rate ratio; SVI, social vulnerability index.
aAdjusted for all covariates listed in the table.
bP < .05.
cPercentile ranking uses Tennessee census tracts ranked against the entire US based on percentiles from 0 to 1, where higher value indicates greater vulnerability.
dHPSA ranking scores included 1 of 3 options: None of the county designated as a shortage area, whole county designated as a shortage area, or 1 or more parts of the county
designated as shortage area.
ePLACES: Local Data for Better Health, County Data Release 2020; county-level percentage of individuals with self-reported diagnoses of high blood pressure, diabetes (any
type), or obesity among adults 18 years of age and older was included.

TABLE 2
Unadjusted Rate Ratios and Rate Differences Between Deaths Attributed to COVID-19, 5-Year Influenza and Pneumonia,
and 5-Year All-Cause Mortality for Rural as Compared With Urban Counties in Tennessee

Rural Urban Rate Ratioa 95% CI
Rate

Differencea 95% CI

COVID-19b 1.50 1.44-1.57 61.85 54.31-69.31
Total reported deaths 2827 6560
Crude mortality rate 185.50 123.70

Influenza and pneumonia, 5 yc 1.60 1.53-1.69 12.57 11.16-13.00
Total reported deaths 2506 5370
Crude mortality rate 33.20 20.60

All-cause mortality, 5 yd 1.37 1.36-1.38 350.44 341.46-359.42
Total reported deaths 98 635 248 901
Crude mortality rate 1307.00 956.60

Abbreviation: CI, confidence interval.
aUnadjusted mortality rate ratio and rate difference per 100 000 person-years.
bCOVID-19 deaths reported, March 2020 to January 2021.
cInfluenza and pneumonia mortality from ICD-10 codes for underlying causes of death; J09-J18 (influenza and pneumonia) 2015-2019 per year.
dAll-cause mortality from all ICD-10 codes, 2015-2019 per year.22
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mortality rate attributed to COVID-19, which re-
mained greater for populations living in rural as
compared with urban counties. We modeled this as-
sociation controlling for county-level primary care
access, percent 65 years and older, gender and other
sociodemographic characteristics, and comorbidities
including hypertension, diabetes, and obesity among
adults from March 2020 to January 2021. Our find-
ings are consistent with the work of previous studies
that identified increased social vulnerability8,9,12,26

contributing to increased COVID-19 mortality rate in
rural areas. However, our analyses show that dispari-
ties in COVID-19 mortality exist even when control-
ling for race, ethnicity, and socioeconomic status.

The rate of difference in COVID-19 mortality
emphasizes that rural communities experienced the
worst health outcomes in Tennessee.26,31 One con-
tributing factor not accounted for in our model may
be limited rural hospital and intensive care access
during the pandemic. The COVID-19 pandemic has
compounded already strained finances of critical ac-
cess hospitals, causing multiple hospital closures in
the southern United States and 4 in Tennessee alone
during 2020.7 Rural hospitals in the southern United
States are vulnerable to closure in part because of
the high rates of poverty and uninsured populations,
which contribute to financial challenges of medi-
cal care and sustainability. Decreased hospital access
occurs because of geographic isolation in rural com-
munities and may increase mortality rates through
delay in seeking care or emergency access after onset
of COVID-19 symptoms. In addition, rural medical
providers face different challenges than their urban
counterparts with far fewer subspecialists and re-
sources to manage complicated patients. Notably, the
ability to transfer patients too sick to manage locally
was slowed by the inpatient burden at urban medical
centers during peaks of the pandemic, a phenomenon
that has not been uncommon throughout the United
States.32,33

Trends in rural-urban disparities in all-cause and
cause-specific mortality in the United States have
widened over time,17 and long-standing disparities in
mortality from influenza and pneumonia are a histori-
cal comparator for COVID-19 mortality. We observed
that the unadjusted COVID-19 absolute mortality
risk between rural and urban counties was greater
than 5-year influenza and pneumonia rural-urban
absolute risk. Rural counties had 61.85 additional
deaths due to COVID-19 per 100 000 population
compared with urban counties. This may represent
fundamental differences in preparedness during the
pandemic response. Rural counties have less robust
public health and health care infrastructure, resource
allocation, and hospital access.34-36 Staffing needs in

health departments and hospitals in rural regions
have also remained a challenge, with differences in
wages and training across rural-urban practice set-
tings stretching the workforce.37 In addition, the
response to the COVID-19 pandemic has varied in
community prevention methods and health policy re-
sponses at the local level (eg, masking policies, social
distancing, and business closures). Previous studies
have shown that differences in prevention behaviors
among communities impact the spread of disease,38-41

but changing health behaviors in communities can be
challenging. Tennessee public health and health pol-
icy officials should continue to support proposals for
implementation and enforcement of community mit-
igation measures, informed by state and local public
health data monitoring, hospital capacity, and ongo-
ing community spread. Collaboration with partners at
the local level on implementation of safety measures
is important in helping slow the spread of COVID-19.

The results of this study may be additionally infor-
mative to public health decision makers in Tennessee
in the postvaccine era by informing decisions related
to vaccine resources and providing additional foun-
dation for addressing rural-urban disparities. Large
studies incorporating data from the United States have
shown adult COVID-19 vaccination coverage to be
lower in rural counties than in urban counties,42 a
trend that has been consistently observed in Ten-
nessee and neighboring southern states.43 Differences
in prevention behaviors are further emphasized when
considering vaccination in rural communities, where
widespread vaccine hesitancy represents a major pub-
lic health concern.44 Unvaccinated communities have
made a major contribution to new COVID-19 in-
fections and hospitalizations in Tennessee,43 creating
a disproportional burden in rural communities fur-
ther exacerbated by vaccine hesitancy in these regions.
Public health must continue to find ways to reach our
rural communities to identify and address barriers to
COVID-19 prevention.

This study has several limitations inherent in cross-
sectional study designs. First, all data are provided at a
county-level and can be used to estimate population-
level risk only. Important individual risk factors for
mortality, such as demographic or medical comorbidi-
ties that vary within counties, are lost by combining
data at this level for analysis. In addition, medical
comorbidity data were obtained through self-report
and may be subject to error related to noncoverage,
nonresponse, or measurement bias. Misclassification
of deaths due to COVID-19 was also possible and
likely represents an underestimate of true deaths due
to COVID-19 early in the pandemic. Confounders
not considered in this analysis include other possible
medical comorbidities that may make the rural-urban
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Implications for Policy & Practice

■ Rural communities are faced with long-standing disparities
in health care infrastructure, resource allocation, and hospi-
tal access in Tennessee, which frequently lead to delay in
receiving care and reduced access to specialized care.

■ Rural communities also face disparities that may make im-
plementation of COVID-19 pandemic response planning more
challenging. Policy makers should consider rural COVID-19
mortality rates when developing eligibility criteria for re-
source allocation during the pandemic response, including
criteria for external assistance and support for community
hospitals.

■ More sparsely populated counties may demonstrate differ-
ent pandemic response behaviors as compared with urban
counties (eg, less compliance with mask wearing, social dis-
tancing, large gatherings), and these should be considered
in public health programmatic development to address lo-
cal needs and education about prevention measures. Public
health officials should continue to consider patient loca-
tion, community spread, and hospital impacts when planning
pandemic response.

populations unequal. These data incorporate the first
11 months and the peak of COVID-19 mortality rates
to date. Longer-term analysis could show different
results. In addition, use of medical billing codes for
influenza and pneumonia and all-cause mortality are
also likely a substantial underrepresentation of deaths
due to these causes; although if all are an equal under-
representation of true all- and cause-specific mortality,
rate comparisons would still be reliable. Results pre-
senting rate ratios and rate differences between deaths
attributed to COVID-19, 5-year influenza and pneu-
monia, and 5-year all-cause mortality for rural as
compared with urban counties in Tennessee are unad-
justed measures of effect, which limits interpretation.
These were intended to provide context for COVID-
19 mortality rates and were not part of the primary
aim. Finally, because these data represent only those
individuals in Tennessee, results may not be general-
izable elsewhere in the country.

Conclusions

This cross-sectional study demonstrated COVID-19
mortality rates in Tennessee to be greater for popula-
tions living in rural as compared with urban counties
after controlling for confounding variables. While it
is not the only factor, rurality is an important con-
sideration in public health response and health policy
decision making. The pandemic has shown that public

health planning for delivery of health services and re-
sponse efforts must include contingencies to address
disparities in mortality outcomes for rural counties.
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