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ABSTRACT

Accurate and timely tracking of COVID-19 deaths is essential to a well-functioning public health
surveillance system. The extent to which official COVID-19 death tallies have captured the true
toll of the pandemic in the United States is unknown. In the current study, we develop a Bayesian
hierarchical model to estimate monthly excess mortality in each county over the first two years
of the pandemic and compare these estimates to the number of deaths officially attributed to
Covid-19 on death certificates. Overall, we estimated that 268,176 excess deaths were not
reported as Covid-19 deaths during the first two years of the Covid-19 pandemic, which
represented 23.7% of all excess deaths that occurred. Differences between excess deaths and
reported COVID-19 deaths were substantial in both the first and second year of the pandemic.
Excess deaths were less likely to be reported as COVID-19 deaths in the Mountain division, in
the South, and in nonmetro counties. The number of excess deaths exceeded COVID-19 deaths
in all Census divisions except for the New England and Middle Atlantic divisions where there
were more COVID-19 deaths than excess deaths in large metro areas and medium or small metro
areas. Increases in excess deaths not assigned to COVID-19 followed similar patterns over time
to increases in reported COVID-19 deaths and typically preceded or occurred concurrently with
increases in reported COVID-19 deaths. Estimates from this study can be used to inform
targeting of resources to areas in which the true toll of the COVID-19 pandemic has been
underestimated.

CORRESPONDING AUTHOR: Andrew C. Stokes, 801 Massachusetts Avenue, Crosstown
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Introduction

Excess mortality is a measure that has been widely used to assess the mortality impact of the

COVID-19 pandemic.1 Excess mortality refers to the difference between the observed number of

deaths that occurred during a given period and the number of deaths that would be expected

based on mortality trends prior to the period.2 Prior estimates reveal that more than 1.1 million

excess deaths occurred in the United States during the first two years of the pandemic, with

approximately 620,000 occurring in the first year and 540,000 occurring in the second year.3

Most studies have found that the number of excess deaths substantially exceeded the number of

deaths assigned to COVID-19 on death certificates.4–8 While a large body of research has

investigated the spatial and temporal patterning of deaths assigned to COVID-19 and excess

deaths during the pandemic,4,5,9–11 less attention has been given to how excess deaths not assigned

to COVID-19 have been dispersed across the U.S..

Excess deaths not assigned to COVID-19 are deaths above those expected based on

pre-pandemic trends that were not attributed to COVID-19 on death certificates.12,13 There are

several reasons why excess deaths may not be assigned to COVID-19. First, the death may have

been directly related to COVID-19 but unrecognized as a COVID-19 death by the certifier.14

This could occur due to a lack of COVID-19 testing before death, a lack of post-mortem

COVID-19 testing due to limited death investigation resources, or resistance to assigning the

death to COVID-19 from the deceased’s family or the death certifier as a result of personal or

political beliefs.15,16 It could also relate to difficulty with assignment resulting from atypical

presentations of COVID-19 symptoms or the presence of multiple comorbidities.17,18 Second, the

death could be indirectly related to the pandemic as a result of health care interruptions or delays
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in health care that occurred especially during periods when COVID-19 cases increased and

hospitals were overcrowded with COVID-19 patients.19,20 Lastly, the death could be indirectly

related to the pandemic through the social and economic consequences of the pandemic.21 These

deaths could be caused by changes in health resulting from food insecurity, housing instability,

and other stressors and by increases in poisonings, suicide, and accidents.22–26

Identifying the spatial and temporal patterning of excess deaths not assigned to COVID-19

throughout the pandemic has important implications for the death investigation system and for

social programs providing pandemic relief.15 Communities with high proportions of these deaths

may represent areas where COVID-19 deaths were not accurately recognized because of flawed

death investigation practices.16 These communities may be potential targets for additional

training on death investigation.27 One important social program that has been established during

the pandemic to provide economic relief to families who have lost loved ones to the pandemic is

FEMA’s funeral assistance program. This program provides families with a maximum of $9,000

per deceased individual and a maximum of $35,500 per application to cover funeral costs.28 The

application, however, requires that families provide a death certificate stating that the death may

have been caused by or was likely a result of COVID-19. Deaths that were not assigned to

COVID-19 on death certificates are not eligible for this program. As a result, communities with

large numbers of these deaths may represent areas where this social program has had less impact.

Thus, estimates of excess deaths not assigned to COVID-19 may help inform reforms to FEMA’s

program and the development of new relief programs.
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In the present study, we compare monthly estimates of excess mortality generated using a

Bayesian hierarchical model based on all-cause mortality to county-month data on deaths

assigned to COVID-19 for 3,127 counties during the first two years of the pandemic (March

2020 to February 2022). This comparison produces estimates of excess deaths not assigned to

COVID-19 for each county-month. We then explore spatial and temporal patterning of these

deaths relative to expected all-cause deaths across Census divisions and large metros,

medium/small metros, and nonmetro areas throughout the first and second year of the pandemic.

Data and Methods

Experimental Design

This study focuses on the comparison between estimated excess mortality for the period March

2020 - February 2022 and official COVID-19 mortality. We modeled monthly all-cause excess

mortality using a Bayesian hierarchical model for 3,127 counties for the period March 2020 to

February 2022. We used publicly available data for the period January 2015 - December 2019 to

fit the model, and examined a set of metrics to assess the goodness of fit and the model’s

sensitivity to different specifications. Starting from the county-month estimates, we built

geographically (Census divisions, metropolitan-nonmetropolitan categories) aggregated counts to

investigate how excess mortality compared to COVID-19 mortality across the U.S. during the

pandemic’s first two years.

Data

We extracted monthly death counts at the county-level from the CDC WONDER online tool. See

Supplementary Text for further details about data extraction procedures. We extracted all-cause
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death counts and COVID-19 death counts from the Multiple Cause of Death database using the

provisional counts for 2021 and 2022 and the final counts for 2015-2020. We define COVID-19

deaths as those in which COVID-19 was listed as the underlying cause of death using the

International Statistical Classification of Diseases and Related Health Problems, Tenth Revision

(ICD-10) code U07.1. COVID-19 is listed as the underlying cause of death in approximately

92% of cases in which it is mentioned somewhere on the death certificate29. To transform the

number of deaths into rates, we used publicly available yearly county-level population estimates

from the Census Bureau (2010-202030 and 202131). To obtain monthly population estimates, we

assumed the population grew linearly between each two time points. For the August 2021 -

February 2022 period, for which no population estimates are available, we projected county-level

population by computing county-specific average monthly growth rates for the period January

2018 - July 2021 (the most recent month for which Census Bureau estimates were available) and

then applying these rates to the July 2021 population.

In some of the tables and figures, we present aggregate quantities by grouping counties into 3

metropolitan-nonmetropolitan categories (large metro, medium or small metro, and nonmetro)

based on the 2013 NCHS Rural-Urban Classification Scheme for Counties.32 We also grouped

counties into 9 Census Bureau Divisions (New England, Middle Atlantic, East North Central,

West North Central, South Atlantic, East South Central, West South Central, Mountain, and

Pacific). Finally, in some analyses, we stratified the Census Divisions by the

metropolitan-nonmetropolitan categories. The Supplementary Text provides further details

about the geographic classifications used in this study.
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Statistical Methods

We used a Bayesian hierarchical model to predict the monthly county-level number of deaths.

Our methods are described in more detail elsewhere3, but in summary we started from the

framework described in a prior paper33 and made some adaptations to fit our specific application.

Let be the number of deaths in spatial unit at time . Let be the population of spatial unit𝑦
𝑡𝑠

𝑠 𝑡 𝑃
𝑡𝑠

at time . We assume a Poisson distribution for the number of monthly deaths and model𝑠 𝑡 𝑦
𝑡𝑠

the risk of dying using the following specification:𝑟
𝑡𝑠

𝑦
𝑡𝑠

∼ 𝑃𝑜𝑖𝑠𝑠𝑜𝑛(𝑟
𝑡𝑠

· 𝑃
𝑡𝑠

)

𝑙𝑜𝑔 𝑟
𝑡𝑠( ) =  β

0
+ 𝑀𝑜𝑛𝑡ℎ

𝑚
· 𝐷𝑖𝑣𝑖𝑠𝑖𝑜𝑛

𝑠
 + β

𝑇𝑖𝑚𝑒
𝑇𝑖𝑚𝑒

𝑡 
+  𝑓 𝑇𝑖𝑚𝑒

𝑡( ) + 𝑏
𝑠

where is the global intercept. We included dummy variables (fixed effects) for eachβ
0

combination of month and Census division to capture seasonal effects (allowing for

division-level heterogeneity). The model incorporates a linear effect (captured by ) andβ
𝑇𝑖𝑚𝑒

non-linear effect of time (in months) since the start of the period ( with time 1𝑓(⋅) 𝑡 = 1,  2,  …

corresponding to January 2015). We added a non-linear effect of time, modeled as a first-order

autoregressive process (AR1) model:

𝑇𝑖𝑚𝑒
𝑡
 | 𝑇𝑖𝑚𝑒

𝑡−1
, τ

𝑡
∼𝑁𝑜𝑟𝑚𝑎𝑙(ϕ

1
𝑇𝑖𝑚𝑒

𝑡−1
,  τ

𝑡
−1)

To capture the spatial structure of the data, we modeled county-level intercepts using the

modified Besag, York and Mollie spatial model proposed by Riebler et al. (BYM2 model).34 This

6

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted January 18, 2023. ; https://doi.org/10.1101/2023.01.16.23284633doi: medRxiv preprint 

https://paperpile.com/c/jHF0C2/U2I2
https://paperpile.com/c/jHF0C2/DGAJX
https://paperpile.com/c/jHF0C2/DInjS
https://doi.org/10.1101/2023.01.16.23284633
http://creativecommons.org/licenses/by-nc-nd/4.0/


model is the sum of two random effects, a spatially unstructured one, and𝑣
𝑠
∼𝑁𝑜𝑟𝑚𝑎𝑙(0, τ

𝑣
−1)

spatially structured one . The term in the model is thus defined as:𝑢
𝑠

𝑏
𝑠

𝑏
𝑠

=  1

τ
𝑏

 1 − ϕ 𝑣
𝑠
⋆ + ϕ 𝑢

𝑠
⋆( ) 

where and are standardized versions of and to have variance equal to 1. The term𝑢
𝑠
⋆ 𝑣

𝑠
⋆ 𝑢

𝑠
𝑣

𝑠

is a mixing parameter which measures the proportion of the marginal variance0 ≤ ϕ ≤ 1

explained by the spatially structured effect.

We used minimally informative prior distributions for the fixed effects , the month-divisionβ
0

specific intercepts , the linear time effect , and the𝑀𝑜𝑛𝑡ℎ
𝑚

· 𝐷𝑖𝑣𝑖𝑠𝑖𝑜𝑛
𝑠
  𝑚 =  1, 2,  ...,  12 β

𝑇𝑖𝑚𝑒

parameter for the AR1 process. For the hyperparameters of the BYM2 model, and , weϕ
1

ϕ τ
𝑏

adopted priors that tend to regularize inference while not providing too strong information, the

so-called penalized complexity (PC) priors introduced by Simpson et al.35 In particular, for the

standard deviation I select a prior so that , implying that it isσ
𝑏

= τ
𝑏
−1 𝑃𝑟 σ

𝑏
> 1( ) = 0. 01

unlikely to have a spatial relative risk higher than based solely on spatial or temporal𝑒𝑥𝑝⁡(2)

variation. For we set reflecting our lack of knowledge about whichϕ Pr 𝑃𝑟 ϕ < 0. 5( ) = 0. 5

spatial component, the unstructured or structured one, should dominate the spatial term .𝑏
𝑠

Finally, we also adopt PC priors for the remaining standard deviation such thatσ
𝑡

= τ
𝑡
−1

.𝑃𝑟 σ
𝑡

> 1( ) = 0. 01
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We fit the models using the Integrated Nested Laplace Approximation (INLA) method, through

the R-INLA software package.36

To compare measures of excess mortality and differences between excess mortality and

COVID-19 mortality across counties with different populations and numbers of deaths, we used

relative measures of excess mortality throughout this study. Relative excess mortality refers to

the number of excess deaths divided by the number of expected deaths in an area. Relative

excess mortality not assigned to COVID-19 refers to the difference between excess deaths and

deaths assigned to COVID-19 divided by the number of expected deaths in an area.

This study used de-identified publicly available data and was exempted from review by the

Boston University Medical Center Institutional Review Board. Programming code was

developed using R, version 4.1.0 (R Project for Statistical Computing) and Python, version

3.7.13 (Python Software Foundation).

Results

Table 1 presents estimates of excess deaths not assigned to COVID-19 in the U.S. and across

Census divisions and metro-nonmetro categories. We estimated that between March 2020 and

February 2022 there were 1,134,364 excess deaths (95% prediction interval (PI): 996,869 to

1,278,540) occurred in the U.S., of which 866,187 were assigned to COVID-19 and 268,176

(95% PI: 130,682 to 412,353) were not assigned to COVID-19. Proportionally, this indicates that

23.7% (95% PI: 11.5% to 36.4%) of excess deaths in the U.S. were not assigned to COVID-19.

Figure 1 shows the ratio of excess mortality to COVID-19 mortality in counties across the U.S.,
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revealing significant heterogeneity in the proportion of excess deaths not assigned to COVID-19

throughout the country. The Supplemental Table shows this heterogeneity at the state-level.

Estimates Across Metro-Nonmetro Categories

After subtracting deaths assigned to COVID-19, the total of deaths observed from March 2020 to

February 2022 was 4.6% (95% PI: 2.2% to 7.2%) higher than expected based on pre-pandemic

trends. This estimate also known as relative excess mortality for deaths not assigned to

COVID-19 was higher in non-metro counties (7.6% [95% PI: 5.1% to 10.4%]) compared to

medium or small metro counties (4.4% [95% PI: 2.0% to 7.0%]) and large metro counties (3.6%

[95% PI: 1.3% to 6.2%]).

Estimates Across Census Divisions

Figure 2 compares excess deaths to COVID-19 deaths in counties across Census divisions,

revealing that all divisions except the New England and Middle Atlantic divisions appeared to

have more excess deaths than COVID-19 deaths. Relative excess mortality for deaths not

assigned to COVID-19 was highest in the Mountain division and in the South. It was 8.0% (95%

PI: 5.4% to 10.7) in the Mountain division, 7.3% (95% PI: 4.8% to 10.0%) in the West South

Central division, 7.1% (95% PI: 4.6% to 9.8%) in the East South Central division, and 6.5%

(95% PI: 4.1% to 9.2%) in the South Atlantic division. In contrast, relative excess mortality for

deaths not assigned to COVID-19 was negative in the New England division (-2.3% [95% PI:

-4.6% to 0.2%]) and in the Middle Atlantic division (-0.4% [95% PI: -2.7% to 2.1%]).

Estimates Across Combinations of Metro-Nonmetro Categories and Census Divisions

9
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In all 9 divisions, relative excess mortality for deaths not assigned to COVID-19 was higher in

nonmetro counties than metro counties. The areas that had the highest relative excess mortality

for deaths not assigned to COVID-19 were nonmetro counties in the South Atlantic division

(12.9% [10.3% to 15.8%]), West South Central division (10.2% [95% PI: 7.6% to 13.1%]),

Mountain division (9.5% [95% PI: 6.9% to 12.4%]), and East South Central division (8.8% [95%

PI: 6.2% to 11.6%]). The areas that had negative relative excess mortality for deaths not assigned

to COVID-19 were large metro counties in the New England division (-3.7% [95% PI: -6.0% to

-1.2%]) and the Middle Atlantic division (-1.1% [95% PI: -3.4% to 1.4%]) and medium or small

metro counties in the New England division (-2.2% [95% PI: -4.5% to 0.4%]) and the Middle

Atlantic division (-0.1% [95% PI: -2.5% to 2.4%]). Nonmetro counties in these divisions had

positive relative excess mortality for deaths not assigned to COVID-19.

Temporal Patterns

Figure 3 shows temporal variations in excess deaths, reported COVID-19 deaths, and excess

deaths not assigned to COVID-19 by month across combinations of metro-nonmetro categories

and Census divisions. Pronounced differences between excess deaths and reported COVID-19

deaths emerged early in the pandemic and persisted into the pandemic's second year. Between

March 2020 and February 2022, reported COVID-19 deaths tracked closely with monthly excess

mortality estimates across all areas. Excess deaths not assigned to COVID-19 were typically

more frequent during reported COVID-19 peaks than during the troughs between peaks. This is

most apparent in areas that had the largest relative amounts of excess deaths not assigned to

COVID-19 such as in the East South Central and South Atlantic divisions. In contrast, in the

New England and Middle Atlantic divisions where COVID-19 deaths exceeded excess deaths in
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many areas, excess deaths not assigned to COVID-19 remained relatively stable over time, not

changing during reported COVID-19 peaks. Finally, in areas where excess deaths not assigned to

COVID-19 did rise with reported COVID-19 peaks, it appeared that the rise in excess deaths not

assigned to COVID-19 often preceded or occurred concurrently with the rise in COVID-19

deaths.

Counties with the Largest Gaps Between Excess and COVID-19 Deaths

Table 2 presents estimates of excess deaths not assigned to COVID-19 for the counties with the

highest ratios of excess to COVID-19 deaths in each Census Division over the first two years of

the pandemic. For example, Shelby, Tennessee had 2.4 times more excess deaths than COVID-19

deaths during the first two years of the pandemic. In absolute terms, this equaled 4,014 (95% PI:

3,562 to 4,517) excess deaths that were not assigned to COVID-19 during this period. Lafeyette,

Louisiana had 2.5 times more excess deaths than COVID-19 deaths during the first two years of

the pandemic. This equaled 654 (95% PI: 504 to 805) excess deaths not assigned to COVID-19

during this period. Estimates of the ratio and difference between excess and COVID-19 deaths

for all 3,127 counties in the study are available in the Supplementary Materials.

Discussion

In the present study, we generated estimates of excess mortality for counties across the U.S. and

identified 268,176 excess deaths that were not assigned to COVID-19 during the first two years

of the COVID-19 pandemic, which represented 23.7% of all excess deaths that occurred. Excess

deaths were less likely to be assigned to COVID-19 in the Mountain division, in the South, and

in nonmetro counties. The number of excess deaths exceeded COVID-19 deaths in all Census
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divisions except for the New England and Middle Atlantic divisions where there were more

COVID-19 deaths than excess deaths in large metro areas and medium or small metro areas. In

areas where substantial numbers of excess deaths were not assigned to COVID-19, rises in

excess deaths not assigned to COVID-19 generally tracked temporally with rises in reported

COVID-19 deaths. Contrary to prior literature which suggested that the majority of excess deaths

not assigned to COVID-19 occurred early in the pandemic,37 differences between excess deaths

and reported COVID-19 deaths were substantial in both the first and second year of the

pandemic.

Although our study does not distinguish between unrecognized COVID-19 deaths and deaths

indirectly related to the pandemic, emerging literature suggests that a large share of the excess

deaths not assigned to COVID-19 represent unrecognized COVID-19 deaths.12,13,38 One study

found that approximately 90% of excess mortality between March 2020 and April 2021 could be

attributed to the direct effects of SARS-CoV-2 infection.38 Another study found significant

temporal concordance between peaks in out-of-hospital COVID-19 deaths and excess deaths not

assigned to COVID-19, with the latter preceding the former by 2 to 3 weeks.14 This suggests that

many COVID-19 deaths go unrecognized during the beginning of COVID-19 surges when

testing may be less frequent and medical providers are not expecting cases. Our study may

provide further evidence to support this observation, as rises in excess deaths not assigned to

COVID-19 typically preceded or occurred concurrently with rises in reported COVID-19 deaths

in most Census divisions throughout the first two years of the pandemic. This possibility is also

supported by investigative reporting during the pandemic which has documented widespread

irregularities in cause-of-death assignment resulting from over-burdened and under-resourced
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death investigation systems.16 The individual county-level estimates generated in this study may

be useful to reporters and public health officials interested in investigating possible irregularities

in cause-of-death assignment within the death investigation system during the pandemic.

Discrepancies between COVID-19 and excess deaths are problematic because they have the

potential to mislead scientists and policymakers about which areas were most heavily affected by

the pandemic. Failure to accurately capture COVID-19 deaths also points to an urgent need to

modernize the death investigation system in the United States, including expanding budgets for

medical examiner officers and eliminating the coroner system.15 It can also affect individuals and

families, as unrecognized COVID-19 deaths are not eligible for economic relief programs such

as FEMA’s funeral assistance program.

Our study identified especially large discrepancies between COVID-19 and excess mortality

rates in the Mountain division, in the South, and in nonmetro counties. More unrecognized

COVID-19 deaths may have occurred in these areas as a result of limited COVID-19 testing and

a greater share of deaths occuring outside of hospital settings, both of which complicate valid

cause-of-death assignment.8,14,39 Another potential contributing factor is the greater reliance on

coroners in these regions, who are typically elected and often hold other positions within the

county such as sheriff-coroners.40 Medical training required for coroners is limited and highly

variable across states,41 whereas medical examiners are physicians with extensive training in

forensic pathology and death investigation.42 Coroners may also have more limited budgets for

death investigation, affecting the likelihood they might pursue post-mortem COVID-19 testing.15

In fact, preliminary reporting has identified specific coroners across the United States who
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frequently defer to the decedent’s family regarding what they list as the underlying cause of

death on the death certificate.43 Outside of COVID-19 mortality reporting, coroner systems have

been shown to under-report opioid-related overdoses, and serious issues have been raised about

the failures of medicolegal death investigation systems to monitor deaths in police custody.44,45

In the New England and Middle Atlantic divisions, we observed a different pattern around

assignment of COVID-19 deaths than in other areas. In these divisions, a large share of counties

had higher COVID-19 than excess death rates. Several explanations may exist for this pattern

including that other causes of death (i.e. influenza) declined in these areas or that the

economically privileged status of some of these counties shielded their residents from the

negative indirect effect of the pandemic by allowing them to work-from-home and avoid

household crowding. Finally, it is possible that deaths were over-assigned to COVID-19 in these

areas due to different cause-of-death assignment protocols for COVID-19. For example, until

March 2022, COVID-19 deaths in the state of Massachusetts included any death that occurred

within 60 days of a COVID-19 diagnosis, which differed from other states and guidelines from

the Council of State and Territorial Epidemiologists that recommended states use a 30 day

window.46

Our study had several limitations. First, we were unable to distinguish between excess deaths

that represented unrecognized COVID-19 deaths and excess deaths indirectly related to the

pandemic. Future research should examine this distinction to clarify the extent to which the

excess deaths not assigned to COVID-19 reported in this study represent under-reporting of

COVID-19 deaths. Second, we used underlying cause of death data to identify deaths assigned to
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COVID-19 and thus did not identify deaths where COVID-19 was listed as a contributing cause

or appeared elsewhere on the death certificate. Third, some counties and states have experienced

prolonged reporting delays of COVID-19 deaths, which could affect our estimates of the

proportion of excess deaths assigned to COVID-19, particularly in more recent months.

Conclusion

In this study, we used death certificate data to compare excess deaths during the COVID-19

pandemic to reported COVID-19 deaths in counties across the U.S.. We found that many excess

deaths were not assigned to COVID-19, and that contrary to prior reports, the number of excess

deaths not assigned to COVID-19 was substantial in year two of the pandemic along with year

one. Specific regions – the Mountain division, the South, and nonmetro areas – were identified as

being less likely to report excess deaths as COVID-19 deaths, suggesting there may be a greater

proportion of unrecognized COVID-19 deaths in communities in these areas. In contrast, many

counties in the New England and Middle Atlantic Divisions reported more COVID-19 deaths

than excess deaths. Overall, the extent to which reported COVID-19 deaths reflected the true

mortality impact of the pandemic varied by time and place throughout the U.S. during the first

two years of the pandemic. Moving forward, efforts to target resources to the communities most

impacted by the pandemic should consider this variation.
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Table 1. Excess mortality across U.S. Census Divisions and metro/nonmetro areas over the first
two years of the pandemic.
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Table 2. Excess mortality among U.S. counties with the highest excess to COVID-19 death
ratios in each Census Division over the first two years of the pandemic.

Notes: Limited to counties with more than 30,000 residents and at least 20 COVID-19 deaths cumulatively over the
period from March 2020 through February 2022.
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Figure 1. Ratio of excess mortality to COVID-19 mortality across U.S. counties, March 2020 -
February 2022

Notes: Each county in the map is colored according to its ratio of excess mortality to COVID-19 mortality.
Suppressed values reflect counties in which the cumulative number of COVID-19 deaths from March 2020 through
February 2022 was less than 10 deaths.
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Figure 2. Comparison of excess deaths to COVID-19 deaths across U.S. counties by Census
Division, March 2020 - February 2022

Notes: Each point in the graph represents a county and reflects its relative COVID-19 mortality from March 2020 to February
2022 (horizontal axis) and its relative excess mortality from March 2020 to February 2022 (vertical axis). Relative COVID-19
mortality is the ratio of COVID-19 deaths to expected deaths. We excluded counties with less than 10,000 residents to make the
relationship between the two variables clearer. The 45 degrees line separates the plot into two parts. Points above the line saw
more excess than COVID-19 mortality. Points falling below the line saw instead more COVID-19 mortality than excess
mortality.
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Figure 3. Monthly variation in COVID-19 and excess mortality across Census Divisions and
metro/nonmetro categories
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Supplementary Text

Data Extraction from CDC WONDER

The CDC WONDER online database query system found at https://wonder.cdc.gov/ was used to

extract all mortality data used in this project. To obtain death counts for all-causes mortality, we

used the Multiple Cause of Death (Final) database from 1999-2020. We obtained two main sets

of extracts, one for data at the county-month level and one for data at the county-year level (to

investigate suppression). In order to minimize suppression, additional extracts were obtained at

the wave level and the pandemic year level (pooling different months) for all figures and tables

using these longer time periods. For all cause mortality extracts, the data request was submitted

for the time period of interest using the request form with the following settings:

- Tab 1. Organize table layout: Group results by County and by: Month for monthly data,

Year for yearly data, and no additional group for wave and pandemic year data

- Tab 4. Select time period of death: specific period

- Tab 6. Select underlying cause of death: *All* (All Causes of Death)

- Tab 8. Other options: checking Export Results. The request generates a text file.

To extract data on all causes of death for the time periods of March 2020 to February 2022, we

used the Multiple Cause of Death (Provisional) database from 2018 – Last Month database. The

data requests were submitted for each time period of interest using the request form with the

following settings:

- Tab 1. Organize table layout: Group results by County and by: Month for monthly data,

Year for yearly data, and no additional group for wave and pandemic year data

- Tab 4. Select time period of death: March 2020 to February 2022
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- Tab 6. Select underlying cause of death: *All* (All Causes of Death)

- Tab 8. Other options: checking Export Results. The request generates a text file.

To extract counts of COVID deaths for March 2020 to February 2022 we used the Multiple

Cause of Death (Provisional) database from 2018 – Last Month database. The data requests were

submitted for each time period of interest using the request form with the following settings

changed from the default:

- Tab 1. Organize table layout: Group results by County and by: Month for monthly data,

Year for yearly data, and no additional group for wave and pandemic year data

- Tab 4. Select time period of death: March 2020 to February 2022

- Tab 6. Select underlying cause of death: U07.1 (COVID-19)

- Tab 8. Other options: checking Export Results. The request generates a text file.

Geographic Classifications

USDA/ERS/NCHS Metropolitan-Nonmetropolitan Categories:

- Large metros: counties in metropolitan statistical areas with a population of more than 1
million (large central metros) and counties that surround the large central metros (large
fringe metros).

- Small or medium metros: counties in metropolitan statistical areas with a population
between 50,000 and 999,999.

- Nonmetropolitan areas: all other counties.

US Census Divisions:

- New England: Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island,
Vermont

- Middle Atlantic: New Jersey, New York, Pennsylvania
- East North Central: Indiana, Illinois, Michigan, Ohio, Wisconsin
- West North Central: Iowa, Kansas, Minnesota, Missouri, Nebraska, North Dakota,

South Dakota
- South Atlantic: Delaware, District of Columbia, Florida, Georgia, Maryland, North
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Carolina, South Carolina, Virginia, West Virginia
- East South Central: Alabama, Kentucky, Mississippi, Tennessee
- West South Central: Arkansas, Louisiana, Oklahoma, Texas
- Mountain: Arizona, Colorado, Idaho, New Mexico, Montana, Utah, Nevada, Wyoming
- Pacific: Alaska, California, Hawaii, Oregon, and Washington
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Supplementary Table. Excess mortality across U.S. states over the first two years of the pandemic.
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Supplementary Data

County-month estimates of excess deaths, COVID-19 deaths, non-COVID-19 excess deaths, and

the ratio of excess deaths to COVID-19 deaths are available at the linked GitHub repository:

https://github.com/eugeniopaglino/county-month-excess.
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