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Abstract

Purpose: To estimate percent excess deaths during the COVID-19 pandemic by rural-urban
residence in the United States and to describe rural-urban disparities by age, sex, and race/
ethnicity.

Methods: Using US mortality data, we used overdispersed Poisson regression models to estimate
monthly expected death counts by rurality of residence, age group, sex, and race/ethnicity, and
compared expected death counts with observed deaths. We then summarized excess deaths over 6
6-month time periods.

Findings: There were 16.9% (95% confidence interval [CI]: 16.8, 17.0) more deaths than
expected between March 2020 and February 2023. The percent excess varied by rurality (large
central metro: 18.2% [18.1, 18.4], large fringe metro: 15.6% [15.5, 15.8], medium metro: 18.1%
[18.0, 18.3], small metro: 15.5% [15.3, 15.7], micropolitan rural: 16.3% [16.1, 16.5], and noncore
rural: 15.8% [15.6, 16.1]). The percent excess deaths were 20.2% (20.1, 20.3) for males and

13.6% (13.5, 13.7) for females, and highest for Hispanic persons (49% [49.0, 49.6]), followed

by non-Hispanic Black persons (28% [27.5, 27.9]) and non-Hispanic White persons (12% [11.6,
11.8]). The 6-month time periods with the highest percent excess deaths for large central metro
areas were March 2020-August 2020 and September 2020-February 2021; for all other areas, these
time periods were September 2020-February 2021 and September 2021-February 2022.
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Conclusion: Percent excess deaths varied by rurality, age group, sex, race/ethnicity, and time
period. Monitoring excess deaths by rurality may be useful in assessing the impact of the
pandemic over time, as rural-urban patterns appear to differ.
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INTRODUCTION

As of March 9, 2023, cumulative COVID-19 deaths per 100,000 residents were higher

in rural (434) versus urban (327) counties in the United States.! Yet, deaths attributed to
COVID-19 may be an underestimate, accounting for only 80% of the overall mortality
burden during the pandemic.? Excess deaths provide a more complete measure of the impact
of the pandemic because they include (1) deaths attributed to COVID-19 (ie, COVID is
documented as a cause of death); (2) deaths indirectly caused by the pandemic (eg, deaths
where COVID is not the underlying cause or one of the contributing causes—but the death
could have been due to health care service delivery disruptions or other causes of death

that increased during the pandemic such as homicide or drug overdose); and (3) deaths
incorrectly identified on the death certificate as non-COVID-19 deaths (eg, deaths attributed
to another cause when COVID-19 should have been documented as the underlying cause).3
Few studies have quantified excess deaths and related disparities by rurality in the United
States since the start of the COVID-19 pandemic.

The Centers for Disease Control and Prevention’s (CDC) National Center for Health
Statistics (NCHS) maintains a dashboard on excess deaths for the United States, showing
weekly trends in excess mortality overall and by state in order to monitor the impact of
the COVID-19 pandemic on mortality in near real-time.> However, the dashboard does
not show excess deaths by rural-urban residence, nor rural-urban disparities by age, sex,
and race/ethnicity. Each of these demographic factors has been found to be associated
with COVID-19 mortality rates and with other causes of death indirectly related to the
pandemic,1:6-14 but data on how these factors interact with rurality are lacking.

A prior analysis of aggregated county-level data across the United States found rural-urban
disparities in excess deaths during 2020, with large metro areas experiencing the highest
percent excess deaths and large metro areas and nonmetro (rural) areas experiencing the
highest rate of excess death per 100,000 residents.1®> A similar analysis extended the study
through February 2022,16 finding percent excess deaths decreased in large metro areas from
23% in the first year to 16% in the second year of the pandemic (starting in February 2021),
whereas in nonmetro areas, the percent excess deaths increased from 20% in the first year to
23% in the second year of the pandemic. However, more recent trends after February 2022
have not been examined, and no study to our knowledge has examined disparities by age,
seX, and race/ethnicity within rural-urban county of residence groupings.

The aims of our study were to estimate percent excess deaths during the COVID-19
pandemic by rural-urban residence in the United States and to describe rural-urban
disparities by age, sex, and race/ethnicity using the most recent mortality data available.
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METHODS

Data sources and years

For the purposes of this study, we defined the COVID-19 pandemic as beginning

in March 2020 and extending through February 2023 (the most recent month with
sufficiently complete provisional data [>85%] as of the time of analysis in April 2023).17
We used publicly available NCHS National Vital Statistics System (NVSS) mortality

data downloaded from CDC Wide-ranging Online Data for Epidemiologic Research
(WONDER).18 For establishing prepandemic trends in mortality rates, we used the NVSS
Multiple Cause of Death Data, January 1999-February 2020 (254 months). For estimating
the pandemic mortality rates, we used the Provisional NVSS Multiple Cause of Death Data,
March 2020-February 2023 (36 months).

Statistical analysis

Observed and expected death counts—We tabulated observed deaths by rurality of
residence, age group, and calendar month and year. For rurality of residence, we used the
2013 NCHS Urban-Rural Classification Scheme for Counties (large central metro, large
fringe metro, medium metro, small metro, micropolitan [nonmetro], noncore [nonmetro]),
which is based on the Office of Management and Budget’s February 2013 delineation of
metropolitan and micropolitan statistical areas and Vintage 2012 postcensal estimates of

the resident US population.19 We generated estimates of expected death counts during each
month of the pandemic using the flexible Farrington surveillance algorithm20 from the
“surveillance” package in R,21 which is the method used for the NCHS Dashboard. Briefly,
this approach uses an overdispersed Poisson regression model to generate expected death
counts for each population group being examined. In our primary analysis, we used 15 prior
years of mortality data for each month (excluding pandemic months) and 2 months as the
window’s half size (the months included before and after the current month each year) to
estimate the baseline trends in expected death counts. This algorithm accounts for linear
trends and seasonal patterns over the baseline time period.

Total number of excess deaths—We subtracted the expected death counts from the
observed death counts for each month to calculate the total number of excess deaths

per month. We allowed excess deaths to be negative; in other words, we did not recode
negative excess death estimates to zero, consistent with other excess death studies®:22

but inconsistent with the NCHS Dashboard (which uses this strategy to correct for
incomplete provisional death data in some states, which could downwardly bias excess

death estimates).> Negative excess death counts indicate that observed deaths were below the
expected death counts for that month.

Percent excess deaths—The percent excess deaths (also known as “relative excess
deaths”)16 was calculated by summing the observed death counts over a given time period
and dividing by the sum of the expected death counts over the same time period. The percent
excess deaths is, therefore, based on a ratio (ie, observed/expected), and was expressed as
100*((observed/expected)—-1). We used the Ury method for calculating the 95% confidence
interval for the percent excess deaths.?
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Ratio of COVID-19 deaths to excess deaths—We queried NVSS Provisional
Multiple Cause of Death Data files via WONDER to obtain the number of deaths attributed
to COVID-19 (ie, COVID-19 was documented as one of the underlying or contributing
causes of death listed on the death certificate) by rural-urban group during March 2020-
February 2023. We then divided this count by the number of excess deaths over the same
time period to calculate the ratio of COVID-19 deaths to excess deaths. This ratio can
provide an indication of the proportion of excess mortality attributed directly to COVID-19
versus the proportion attributed to other causes of death. Variation in this ratio can be due
to the level of accuracy of COVID-19 documentation on death certificates and the relative
contribution of non-COVID-19 deaths indirectly related to the pandemic to total deaths,
which may have varied across population groups during the pandemic.

Subgroup analyses—We also calculated the total number and percent excess deaths

by age and rural-urban group for males and females, separately, and for non-Hispanic

White, non-Hispanic Black, and Hispanic persons, separately. We conducted these stratified
analyses because the pandemic’s effects on mortality have differed based on these
demographic characteristics, though no study has yet examined these demographic factors
within the context of rural-urban residence. Because of small death counts for some 10-year
age groups after stratification by race/ethnicity (eg, Hispanic death counts for 5- to 14-year-
olds in noncore rural areas by month were <10 for some months), we combined the youngest
age groups in our data query to create a single group aged 0-44 years for each race/ethnicity
group analysis. Small death counts by age and rural-urban group for other race/ethnicity
groups (eg, non-Hispanic Asian residents of noncore rural areas) resulted in a large degree of
data suppression—even after combining the youngest age groups—and thus results for other
racial/ethnic subgroups are not included in this analysis.

Imputation—Subnational death counts between 0 and 9 are suppressed from the NVSS
vital statistics data in CDC WONDER due to disclosure risk. Therefore, for the analyses
that relied on 10-year age groupings, we performed a single imputation to randomly assign
with equal probability a number between 0 and 9 to these suppressed cells (we assumed

a uniform distribution). This resulted in imputations for 6.2% (110/1,740) of observation
months (1,740 total months = 290 months [Jan 1999-Feb 2023] x 6 rural-urban groups)

for age group 1-4 years for females; for all other 10-year age groupings, imputations were
necessary for <1% (<17/1,740) of months. Imputations were not necessary for the analyses
by race/ethnicity because we had combined the youngest age groups to create a single group
aged 0-44 years.

Trends in excess deaths—We then summarized excess deaths over equally spaced time
periods, in line with previous COVID-19 pandemic studies,16:24 to examine how excess
mortality and related disparities changed over the course of the pandemic. The 6-month
time periods were: March 2020-August 2020, September 2020-February 2021, March 2021-
August 2021, September 2021-February 2022, March 2022-August 2022, and September
2022-February 2023. We calculated excess death rates per 100,000 population by dividing
the total excess deaths by the population, using intercensal and postcensal single-race
population counts released by the US Census Bureau.2> For the entire pandemic (March
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2020-February 2023), we estimated the population using 3 times the annual population at
the mid-point (July 1, 2021). For each 6-month time period, we estimated the population
using one-half of the annual population for the year at the start of each time period. For the
overall and sex-specific analyses, we present results for the youngest age groups combined
(<1 year, 1-4, and 5-14 years old) due to the small number of deaths in these groups.

Sensitivity analyses

We conducted 2 sensitivity analyses to evaluate the impact of different analytic decisions on
the results. First, we summed the excess death counts by age and rural-urban group after
recoding negative excess death counts to zero, consistent with the NCHS Dashboard.> We
then calculated the percent excess by month for each age group with and without allowing
negative excess deaths counts. Second, we explored the impact of using a shorter (10 years)
and longer (20 years) number of prior years of mortality data for estimating the baseline
trends of expected deaths to determine its impact on the results.

Ethical approval

RESULTS

This study was determined to be nonhuman subjects research by the Institutional Review
Board at the University of Southern Maine.

Percent excess deaths

From March 2020 to February 2023, the percent excess deaths overall was 16.9% (95%
confidence interval [CI]: 16.8, 17.0) (Table 1). The percent excess varied by rurality (large
central metro: 18.2% [18.1, 18.4], large fringe metro: 15.6% [15.5, 15.8], medium metro:
18.1% [18.0, 18.3], small metro: 15.5% [15.3, 15.7], micropolitan rural: 16.3% [16.1, 16.5],
and noncore rural: 15.8% [15.6, 16.1]). In addition, there was variation in the percent excess
deaths by rural-urban residence within each age group (Figure 1). For example, among 4

of the 9 age groups (15-24, 35-44, 45-54, and 75-84 years), large central metro areas had
the highest percent excess deaths. However, the highest percent excess deaths for age groups
0-14 and 85+ years were in noncore rural counties (albeit 95% confidence intervals were
wide for 0- to 14-year-olds). For the 25- to 34-year, 55- to 64-year, and 65- to 74-year age
groups, the highest percent excess deaths was in medium metro counties.

The 2 6-month periods with the highest percent excess deaths for the large central areas
were the first and second 6 months of the pandemic (March 2020-August 2020 and
September 2020-February 2021) (Figure 2). In contrast, the periods with the highest percent
excess deaths among the large fringe metro, medium metro, small metro, micropolitan rural,
and noncore rural areas were the second and fourth time periods (September 2020-February
2021 and September-February 2022), with the latter occurring 18—-24 months after the start
of the pandemic.

Total excess deaths

During the study period, we estimated that 8,672,321 deaths would have been expected to
occur in the absence of the pandemic and the observed number of deaths was 10,138,660,
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yielding 1,466,339 total excess deaths (excess death rate 150.0 per 100,000) during the first
3 years (36 months) of the COVID-19 pandemic (Table 1 and Appendix S1). The greatest
number of excess deaths were found for residents of large central metro counties (405,448)
and the smallest number of excess deaths were found for noncore rural counties (111,990),
reflecting in part the lower population counts in rural areas. The age groups with the largest
total number of excess deaths were those aged 65-74 and 75-84 years, with large central
metro, large fringe metro, and medium metro counties having the greatest number of excess
deaths for these age groups (Figure 3). Children ages 0-14 years old had nearly zero excess
deaths for each rural-urban area grouping.

Ratio of COVID-19 deaths to excess deaths

The ratio of COVID-19 deaths to excess deaths overall was 0.76, suggesting that 24% of
excess deaths during the COVID-19 pandemic were not attributed to COVID-19 on death
certificates (Table 1). This ratio was lowest in medium metro areas (0.68) and highest in
noncore rural areas (0.84).

Stratification by sex

The percent excess deaths was 20.2% (20.1, 20.3) for males and 13.6% (13.5, 13.7) for
females overall and within each rural-urban group (Table 2). Males and females had similar
patterns in the percent excess deaths within rural-urban groups across the 6 6-month periods
as were found overall (Appendices S2 and S3); however, for females living in large fringe
metro areas, the percent excess deaths were highest for the first 2 6-month time periods, as
compared with the second and fourth 6-month time periods overall.

Stratification by race/ethnicity

The percent excess deaths was highest for Hispanic persons (49% [49.0, 49.6]), followed
by non-Hispanic Black persons (28% [27.5, 27.9]) and non-Hispanic White persons (12%
[11.6, 11.8]) (Table 2). These gradients persisted within each rural-urban group (Table 2).
Some race/ethnicity/age/rural-urban groups experienced negative excess deaths (ie, death
counts below expected), such as non-Hispanic White 85+-year-old residents of large central
metro and large fringe metro areas (Appendix S4).

Non-Hispanic White persons had similar patterns in the percent excess deaths within rural-
urban groups across the 6 6-month periods as observed overall (Appendix S4). However,
for Hispanic persons, the 2 6-month periods with the highest percent excess deaths for the
large fringe metro areas were the first 2 6-month periods of the pandemic, not the second
and fourth 6-month time periods as seen overall (Appendix S5). For non-Hispanic Black
persons, the 2 6-month periods with the highest percent excess deaths were the first 2
6-month periods of the pandemic for each rural-urban area group, inconsistent with overall
rural-urban patterns (Appendix S6).

Sensitivity analysis

Repeating the analyses after recoding negative excess death counts to zero by rural-urban
age group and month, the estimated total number of excess deaths was larger than in our
primary analysis, particularly for the 85+ years age group (Figure S1). Discrepancies in
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percent excess deaths by month across the pandemic based on how negative excess death
months were handled were found for the 0-14, 55-64, and 85+ age groups, the only age
groups to experience fewer deaths than expected at any month during the study period
(Appendix S1).

When we specified a lower number of prior years (10 years) of mortality data in the
estimations of baseline expected death counts, we calculated a percent excess deaths of
16.5% (16.5, 16.6). When we specified a higher number of prior years (20 years), we
calculated a percent excess deaths of 19.6% (19.5, 19.7) (Appendices S7 and S8).

DISCUSSION

Summary of findings

Rural-urban

During March 2020-February 2023, the percent excess deaths was nearly 17% and varied

by rural-urban residence. Overall percent excess deaths were highest by sex for males, and
highest for Hispanic persons, followed by non-Hispanic Black persons and non-Hispanic
White persons. These patterns persisted within each rural-urban group. The highest percent
excess deaths for the large central metro areas occurred during the first 2 6-month periods

of the pandemic, whereas percent excess deaths among all other areas was highest for the
second and fourth 6-month time periods after the start of the pandemic. Similar patterns over
time were generally observed by sex, but not within each of the 3 race/ethnicity groups we
examined.

differences in excess deaths in the United States

Our findings are largely consistent with previous studies examining rural-urban excess
deaths. Ackley et al. estimated percent excess deaths to be 15% in 2020, ranging from

13% in rural counties to 20% in urban counties, with higher excess mortality observed in
nonmetro areas in the Southwest, Southeast, Plains, and Rocky Mountains regions.1> While
we did not stratify our analysis further by geography, we found a similar rural-to-urban
gradient (with highest percent excess deaths in the most urban areas) during a more extended
time period (March 2020-February 2023). Paglino et al. found that rural areas experienced
an increase in the percent excess deaths from the first to second year of the pandemic,
whereas urban areas experienced a decrease.1® This is also in line with our overall findings
that the 2 highest percent excess death 6-month periods for large central urban areas were at
the start of the pandemic, while for all other areas, there was a second peak in percent excess
death occurring 18-24 months after the start of the pandemic. Our findings on the percent
excess deaths contrast with rural-urban disparities in COVID-19 mortality rates. Rural areas
have experienced higher cumulative COVID-19 mortality rates, especially after the initial
wave of the pandemic in the spring of 2020.1-6 The discrepancies between rural-urban
percent excess death disparities and COVID-19 mortality rates is due, in part, to higher
underlying death rates (especially crude death rates) in rural areas. Some of the higher
COVID-19 mortality rates in rural areas may be due to later (and lower) vaccination rates in
rural areas across the United States.26
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Unlike other reports, we found certain race/ethnicity age-rurality groups experienced
negative cumulative excess deaths during the pandemic. For example, non-Hispanic White
85+-year-old residents of large central and large fringe metro areas. These findings could
be due to spikes in excess deaths leading to lower-than-expected deaths in the subsequent
months (as seen in Appendix S4), lower-than-expected rates of population growth for those
groups during the pandemic, or possibly other factors like declining deaths due to other
specific causes.

Excess deaths attributed to COVID-19

We estimated approximately 24% of excess deaths were not assigned to COVID-19 as an
underlying or contributing cause of death. This is comparable with previous estimates for the
United States ranging from 12.5% to 28%.2:15:27.28 Our study’s estimates varied according
to rural-urban county of residence, likely due to racial and socioeconomic? and health care
access?’ differences across areas, factors that can affect excess deaths not being assigned to
COVID-19 as a cause of death. These excess deaths include deaths due to other causes that
may have been indirectly related to the pandemic, such as a lack of access to emergency
care for medical emergencies like stroke or hyperglycemic crisis.2%-31 Surprisingly, we
found the lowest percentage of excess deaths not assigned to COVID-19 in noncore rural
areas (16%), which appears to be in contrast to findings from Stokes 2021 that counties

in the upper versus lower quartile of rurality had a higher percentage of excess deaths not
assigned to COVID-19 (21% vs 15%).2 However, the Stokes 2021 analysis was restricted

to 2,096 counties (of 3,140 total in file) with 20 or more COVID-19 deaths in 2020, which
likely excluded many noncore rural counties due to small numbers of COVID-19 deaths. An
analysis by Ackely found the percentage of deaths not assigned to COVID-19 was lower in
nonmetro counties (9%) than in large central metro counties (21%), which is consistent with
what we found, though our rural-urban grouping methods and timeframes were different.1

Race/ethnicity disparities

The overall racial and ethnic disparities we found in percent excess deaths are consistent
with previous studies on excess mortality during the COVID-19 pandemic.328:32-34 \\hen
compared with non-Hispanic White populations, higher excess death rates have been found
for Hispanic, non-Hispanic Black, and American Indian/Alaskan Native populations in
all-cause mortality,328:32-34 a5 well as excess deaths attributable to COVID-19.34 These
same racial and ethnic groups also have experienced higher COVID-19 mortality”:910 and
incidence rates.” Some of these differences may be due to disparate health care access

and underlying health conditions, and occupational differences by race/ethnicity, with
employment in certain sectors (such as agriculture, manufacturing, and emergency sectors)
associated with a higher risk of COVID-19 mortality.3%36 These differences in risk have,

in turn, been attributed to systemic racism and economic and educational inequity.36:37 In
addition, these findings could be due to higher-than-expected rates of population growth for
those groups during the pandemic, particularly for certain rural-urban areas (eg, Hispanic
populations in large fringe metro areas).38 Our study expands upon prior work by showing
that racial and ethnic disparities persist within each of the 6-level NCHS rural-urban county
of residence groupings.
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Quantifying excess deaths during the COVID-19 pandemic by rurality of residence can
highlight important disparities in the impact of the pandemic on specific populations. This
information may be relevant for planning responses to future pandemics and reducing
potential inequities. These findings can help identify areas or subgroups that may be most
in need of public health interventions and focused efforts to improve access to preventive
services and/or health care during and after a pandemic. Results shown here highlight
disparities by sex and race/ethnicity in excess deaths associated with the COVID-19
pandemic within rural areas, describing patterns and trends that could help reduce harm
to at-risk rural communities.

Limitations of this study include sparse death counts by month after stratification by rural-
urban residence, age group, year-month, sex, and race/ethnicity simultaneously. To surmount
this, we examined sex and race/ethnicity separately, imputed counts for a small number

of suppressed cells, and combined age groups with sparse data counts when necessary.
Even after doing so, we were unable to examine additional race/ethnicity groups in our
analysis. Also, death counts may be influenced by changes in the population size or age
structure at the county level over time; some of this is already accounted for by the model
we used, which incorporates trends over time, but shifts in population size or age structure
could be partly responsible for the unexpected negative cumulative excess death findings
we report for some groups. Modeling age-adjusted death rates would more fully account
for these population changes, and for the differing age distributions by race/ethnicity (eg,
the younger average age of Hispanic and non-Hispanic Black populations in the United
States).39 Furthermore, provisional death certificate data are incomplete and may contain
errors in the cause of death; it is unknown whether these error rates may be larger for rural
areas.4041 We conducted the analysis using monthly data, as weekly data would have been
subject to a greater degree of data suppression; but the estimates derived from the flexible
Farrington algorithm may differ based on the temporal resolution of the data. Finally,
baseline expected counts of deaths were estimated separately for each rural-urban group,
which might understate total inequities, considering baseline differences in mortality rates
by rurality of residence and race/ethnicity. If the group with the lowest baseline mortality
rate was used as the reference group to estimate excess deaths for all rural-urban groups,
then disparities would be even wider.

Strengths of our study include the examination of multiple subgroups within rural-urban
county of residence groupings using the most complete data available at the national level,
exploration of the sensitivity of our findings to different analytic choices related to modeling
excess deaths (different baseline periods, including/excluding negative excess counts); and
using a method consistent with what the CDC has been using throughout the pandemic
(albeit with monthly—not weekly—data).
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CONCLUSION

There were nearly 17% more deaths during the COVID-19 pandemic in the United States
than were expected, with percent excess deaths varying by rurality, sex, age group, race/
ethnicity, and time period. Males, Hispanic persons, and non-Hispanic Black persons
experienced higher percent excess deaths overall and within each rural-urban group as
compared to females and non-Hispanic White persons, respectively, and racial/ethnic groups
showed distinct patterns over time. Routine monitoring of excess deaths by rurality of
residence may be useful for tracking the impact of the pandemic over time, as rural-urban
patterns appear to differ.
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FIGURE 1.
Percent excess deaths (and 95% confidence interval) by age group and rural-urban county of

residence, March 2020-February 2023.
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FIGURE 2.
Percent excess deaths (with 95% confidence band) by rural-urban county of residence

by month, with insets for percent excess deaths for each 6-month time period, March
2020-February 2023. Note: The 6-month time periods were: (1) March 2020-August 2020,
(2) September 2020-February 2021, (3) March 2021-August 2021, (4) September 2021-
February 2022, (5) March 2022-August 2022, and (6) September 2022-February 2023.
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FIGURE 3.
Number of estimated total excess deaths by age group and rural-urban county of residence,

March 2020-February 2023.
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