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a b s t r a c t 

Background: Non-Hispanic Black populations have suffered much greater per capita COVID-19 mortality 

than White populations. Previous work has shown that rates of Black and White mortality have con- 

verged over time. Understanding of COVID-19 disparities over time is complicated by geographic changes 

in prevalence, and some prior research has claimed that regional shifts in COVID-19 prevalence may ex- 

plain the convergence. 

Methods: Using county-level COVID-19 mortality data stratified by race, we investigate the trajectory 

of Black and White per capita mortality from June 2020–January 2021. We use a county fixed-effects 

model to estimate changes within counties, then extend our models to leverage county-level variation in 

prevalence to study the effects of prevalence versus time trajectories in mortality disparities. 

Findings: Over this period, cumulative mortality rose by 61% and 90% for Black and White populations 

respectively, decreasing the mortality ratio by 0.4 (25.8%). These trends persisted when a county-level 

fixed-effects model was applied. Results revealed that county-level changes in prevalence nearly fully 

explain changes in mortality disparities over time. 

Interpretation: Results suggest mechanisms underpinning convergence in Black/White mortality are not 

driven by fixed county-level characteristics or changes in the regional dispersion of COVID-19, but in- 

stead by changes within counties. Further, declines in the Black/White mortality ratio over time appear 

primarily linked to county-level changes in COVID-19 prevalence rather than other county-level factors 

that may vary with time. Research into COVID-19 disparities should focus on mechanisms that operate 

within-counties and are consistent with a prevalence-disparity relationship. 

Funding: This work was supported by the National Center for Advancing Translational Sciences [E.H.: 

UL1TR002553]. 

© 2021 The Author(s). Published by Elsevier Ltd. 
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Research in context 

Evidence before this study 

COVID-19 has disproportionately impacted vulnerable 
populations. Mortality among non-Hispanic Black populations 
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is much higher than among White populations. We searched 

Google Scholar up to March 30, 2021 with combinations of 
search terms “COVID-19”, “coronavirus”, “disparities”, “mor- 
tality”, “county-level”, and “race.” Our literature review found 

three longitudinal studies investigating COVID-19’s impact on 

different populations, showing increasing burdens in White 
populations over time and convergence between Black and 

White outcomes. Existing discussion has been nearly entirely 
centered on the potential role of changing geographic dis- 
tribution of COVID-19 as the driver of disparities assessed 
 under the CC BY-NC-ND license 
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at larger measurement areas. However, this claim remains 
untested, and given regional shifts in prevalence to places 
like the South, which has a proportionately larger Black pop- 
ulation, it is not clear a priori that changes in geography 
would lead to converging disparities. 

Added value of this study 

We use county-level mortality data disaggregated by race 
to assess changes in Black and White COVID-19 mortality 
over time, and the ratio between the two. This enables us to 
estimate changes in COVID-19 outcomes within counties, and 

accounts for all time-invariant county characteristics. We find 

that the primary driver of changes in COVID-19 outcomes 
and disparities is occurring within counties, and is not due 
to previously discussed changes in the spread of COVID-19 
to counties and areas with heterogenous characteristics, in- 
cluding demography. We also use county-level variation in 

prevalence to investigate the extent to which relationships 
between prevalence and disparities matter, rather than fac- 
tors linked to time specifically, and find a strong relation- 
ship between prevalence and the Black/White mortality ratio, 
which nearly fully accounts for the time trends. 

Implications of all available evidence 

The COVID-19 pandemic has had an inordinate impact 
on Black populations, and joins a long list of diseases that 
disproportionately impact the vulnerable. As further studies 
investigate the potential mechanisms of changing COVID-19 
disparities over time, research should focus on mechanisms 
that operate within small geographic areas, and on mecha- 
nisms that would be consistent with a prevalence-disparity 
relationship. In future public health emergencies, govern- 
ments must act urgently early on, taking into account that 
vulnerable populations may not only be more at-risk, but es- 
pecially at-risk during the early stages of health crises. 

. Introduction 

Throughout the 2019 novel coronavirus disease (COVID-19) pan- 

emic, numerous studies have documented disproportionately high 

umbers of COVID-19-attributed deaths in non-Hispanic Black pop- 

lations, from here on referred to as Black, relative to those in non- 

ispanic White populations, from here on referred to as White, in 

he US [1–3] . As of January 24th, 2021, the national per capita 

OVID-19 mortality for Black Americans was 1.47 times that of 

hite Americans [4] . However, cross-sectional studies over dif- 

erent intervals during the pandemic suggest that there has been 

 recent convergence between White and Black mortality [5–7] . 

stimates from April, May, and July 2020 document cumulative 

lack/White COVID-19 mortality ratios of 3.57, 2.37, and 1.97, re- 

pectively. 

Interpretation of trends in COVID-19 mortality over time, as 

ell as Black/White mortality ratios, is not straightforward. Un- 

erstanding of COVID-19’s impacts over time is complicated by 

he changing geography of COVID-19 prevalence, in particular, the 

pread of COVID-19 to places with different demography or struc- 

ural risk factors. Rigorous understanding of the mechanisms by 

hich COVID-19 has disproportionately impacted Black and other 

ulnerable populations is important to understanding its full im- 

act, as well as providing insight into the mechanisms that may 

nderpin disparities in other contexts. Longitudinal evidence will 

e key to fully unpacking the potential mechanisms at play [8] . 

urther understanding will hopefully allow policymakers to better 

ddress disparities head-on during future health crises. 
2 
Previous longitudinal evidence, has been very limited. These 

tudies on shifts in COVID-19 mortality by race and ethnicity over 

ime, in addition to national press reporting, have attributed con- 

ergence over time between Black and White mortality to the 

volving geography of COVID-19, particularly due to regional dif- 

erences in demography [ 9 , 10 , 11 ]. The “geographic drivers” theory 

or nationally-observed convergence in Black and White outcomes 

uggests that as the pandemic moved to areas of the country with 

ifferent observed and unobserved characteristics (including de- 

ography or infrastructure), changes in national statistics merely 

eflected the changing sub-national geography of COVID-19, rather 

han any specific mechanism. For example, as COVID-19 prevalence 

hifted primarily from regions with larger Black populations to re- 

ions with proportionately smaller ones, national statistics may 

ave recorded comparatively less Black mortality. For convenience, 

n the remainder of this paper we will refer to effects due to 

changes in geography” as attributed to the potential role of the 

hanging geographically-tied characteristics of areas that COVID-19 

ffects. However, while this theory may explain changing national 

tatistics as COVID-19 prevalence spread from the Northeast to the 

est, it falls short considering prevalence during this time also 

rastically increased in the South, which has a substantially larger 

lack population. Further study of these time trends, particularly 

ith a study design that can address the potentially changing char- 

cteristics of communities impacted by COVID-19, is essential. 

These trends further highlight health disparities between Black 

nd White people in the US. The life expectancy of Black Ameri- 

ans is 3.6 years less than that of White Americans, and this gap 

s projected to widen by 40% due to COVID-19 [12] . Black Amer- 

cans also live a greater portion of their lives managing chronic 

onditions and disability due to differences in lifetime exposure 

o racism, stressors, and structural discrimination, all factors which 

ontribute to higher COVID-19 mortality rates among Black Amer- 

cans [13–17] . Cross-sectional studies have also linked disparities 

n COVID-19 mortality to a variety of community-level factors in- 

luding population density and urbanization [18–20] . These find- 

ngs suggest that disparities in COVID-19 mortality primarily reflect 

isproportionate COVID-19 prevalence in Black communities [21] . 

Nonetheless, previously identified factors such as population 

ensity, chronic comorbidities, and residential segregation have not 

ignificantly changed over the period of interest and are thus un- 

ikely to have served as primary drivers for observed changes in 

OVID-19 mortality between racial groups. While these risk fac- 

ors persist over time, population-level risk disparities due to these 

actors are likely not substantially changing. Further, these factors 

ave all been previously cited as factors that put Black populations 

t higher risk, so even if they had effects that increased over time, 

hey would not lead to the observed declines in disparities. Under- 

tanding of how racial, ethnic, geographic, and socioeconomic dis- 

arities have changed over the course of the COVID-19 pandemic 

hus remains limited [22] . 

Furthermore, prior evidence has an additional core limitation. 

ross-sectional studies have mostly been limited to studies that 

orrelate population racial make-up data and total COVID-19 mor- 

ality, rather than mortality data disaggregated by race. This ap- 

roach may mask the true burden of COVID-19 on non-majority 

opulations within a county. 

In this paper, we provide interpretable understanding of how 

OVID-19 has impacted Black and White populations over time. 

e focus on mortality rather than case counts because deaths 

re less-likely to be affected by massive changes over time in 

esting availability [23] . Our approach centers on a county-level 

xed effects method, using race-disaggregated per capita COVID- 

9 mortality data to study Black and White outcomes (and the 

lack/White death rate ratio) over time. The use of county-level 

ata and our fixed-effects approach enables us to estimate changes 
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ithin small geographic areas, controlling for time-invariant fac- 

ors that differ across counties, as COVID-19 prevalence spread to 

ew locations 1 . This includes many previously discussed structural 

isks that can be considered fixed over this timeframe. This ap- 

roach is essential, as previous literature on convergence in Black 

nd White outcomes has focused heavily on the potential role of 

hanging geographically-tied characteristics, such as demography 

notably race and age) or health infrastructure, that may contam- 

nate estimates of disparities over time. We extend this model 

o investigate heterogeneity in these trends by region and county 

haracteristics. 

Finally, we leverage county-level variation in COVID-19 preva- 

ence to evaluate the extent to which time trends in disparities 

re attributed to changes in prevalence rather than other time- 

arying factors. As prevalence increases over time, our approach 

llows us to investigate whether patterns observed in disparities 

re attributed primarily to time-specific effects (such as time-based 

hocks in policy, weather, or avoidance behavior that is time- 

pecific, in response to a policy or event) or prevalence-trajectory 

ffects (such as avoidance behavior related to previous commu- 

ity exposure, selection of individuals who either get or die from 

OVID-19 as the disease progresses through a community, or other 

echanisms related to the progression of the disease). 

. Methods and Data 

.1. Sample and Data 

National and state COVID-19 mortality data were drawn from 

eekly cumulative provisional death counts reported to the Na- 

ional Vital Statistics System (NVSS) from May 6, 2020–January 

7, 2021, and were used to generate national visualizations [24] . 

ounty-level data for analytical use was available from June 24, 

020–January 27, 2021. Data was aggregated to the cumulative 

eaths through the last week of each month, so while weekly- 

elease data is used, covariates reflect month-by-month changes. 

hile smaller-area geographic data would have enabled even more 

obust analysis, zip-code level data is difficult to disaggregate by 

ace due to confidentiality concerns, and county-level data enables 

s to investigate areas that are suitably small yet still enable race 

isaggregation. We restrict analysis to January to limit the impacts 

f widespread vaccination. Provisional death counts are incom- 

lete, and likely undercount true COVID-19 mortality. While many 

eaths are processed nearly immediately, delays in reporting may 

ead to underestimates at a given timepoint [24] . Studies during 

he pandemic suggest that after five weeks, most states have re- 

orted 99% of their eventual NVSS-reported all-cause mortality for 

hat time period, and after three weeks all but three states were 

ver 80% complete, and most were over 90% complete [ 25 , 26 ].

hile time delays mean our estimates are likely an undercount of 

ortality, it suggests that for the purposes of monthly time-trend 

nalysis, the provisional mortality data is nearly complete, and 

onthly outcomes primarily reflect deaths within that month. Fur- 

her, according to the NVSS, less than 0.7% of all recorded COVID- 

9 deaths are missing racial data [24] . 
1 We considered the alternative approach, using a random-effect, but decided to 

se a fixed-effect for several reasons. The random-effects approach rests on the as- 

umption that county-level unobserved heterogeneity is uncorrelated with our time 

ndicators, which we do not believe to be plausible. Given prior literature’s argu- 

ent that the spread between counties is non-random, we wanted to focus on con- 

rolling for unobserved county-level characteristics that we believe are critical to in- 

erpretable estimates of disparity trends. Further, a Hausman test on our mortality 

utcomes rejects the null hypothesis that errors are correlated with time regres- 

ors (p < 0.01), suggesting a fixed-effect is more appropriate than a random-effects 

pproach. 
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3 
To maintain confidentiality, counties with fewer than 10 deaths 

ithin a racial group are suppressed by the NVSS. This represents 

 key limitation of the NVSS data. Of 579 counties in our dataset, 

ur analytical sample is 388 counties (2072 county-time observa- 

ions) with mortality data for both non-Hispanic Black and White 

ersons, representing ~209 million Americans. 

County-level demographic and population information are 

rawn from the 2018 5-year wave of the American Commu- 

ity Surveys (ACS). Per-capita estimates of COVID-19 mortality by 

ace and ethnicity are generated by dividing COVID-19-attributed 

eaths per 10 0,0 0 0 individuals within each racial group. Outcomes 

re recorded as the natural logarithm of per capita COVID-19 mor- 

ality (interpreted as % changes), as per capita mortality is non- 

ormally distributed. We construct ratios of per-capita COVID-19 

ortality in Black populations divided by White mortality. 

Covariates for county-level household median income, age 

tructure, population density, and occupation were drawn from the 

CS data, data on diabetes and obesity prevalence was drawn from 

DC Behavioral Risk Factor Surveillance System data, and supple- 

entary county-level data on COVID-19 testing (not race specific) 

as drawn from USAfacts.org. 

.2. Statistical Analysis 

Ordinary least squares (OLS) regression is initially used to es- 

imate time trends and differences between groups. We then use 

 county-level fixed effects model to estimate time trends and 

ifferences between groups within counties, removing the effects 

f changes between regions and states with heterogeneous de- 

ography and other fixed characteristics. The county fixed-effects 

ethod has the added benefit that results can be interpreted as 

onditional on all time-invariant county characteristics (on this 

ime interval), such as population structure, racial and ethnic 

akeup, health infrastructure, and housing supply and quality. 

Indicator variables for each month are used as regression co- 

ariates in all models. For regressions on the disparity ratios, these 

ase models are extended in two different regressions with proxies 

or COVID-19 prevalence. While there are well-documented chal- 

enges in estimating COVID-19 prevalence 2 , we use two proxies 

hat we relate to the disparity ratio: total county COVID-19 mor- 

ality and three-week lagged positive tests (lagged to reflect time 

etween testing and mortality, net of prior mortality). As both to- 

al mortality and lagged tests are flawed measures of prevalence, 

y using two different prevalence proxies, we hope to draw con- 

lusions that are not specific to the idiosyncrasies of either mea- 

ure. The natural log of each prevalence measure is taken, as both 

re non-normally distributed. 

Including the prevalence metrics alongside the time effects, we 

ry to leverage county-level variation in prevalence over time to 

eparate the effects of prevalence-linked forces on disparities from 

ther time-linked factors. Specifically, these regressions let us in- 

estigate the effects of prevalence on disparities rather than other 

ime-linked factors operating through mechanisms besides preva- 

ence. While the fixed-effects approach accounts for many key 

ime-invariant population characteristics (age, demography, etc), by 

nvestigating prevalence alongside time we can observe the extent 

o which time-varying factors, besides prevalence, that are not ac- 

ounted for explicitly in the models, are still reflected in the time 

erms. In doing so, we hope to provide some insight to the poten- 

ial mechanisms involved in the declining disparities. These factors 
2 While mortality over time may be a biased proxy of prevalence over time due 

o changes in reporting as well as in the case-fatality rate due to improved treat- 

ents, testing poses challenges due to changing availability over time and unequal 

istribution of tests. By using two different proxies of prevalence, we hope to draw 

ore robust conclusions. 27 
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Table 1 

Summary statistics for counties represented in the analytical sample, including 

COVID-19 deaths per capita as of January 27 th 

Table 1: Sample Characteristics 

Mean (Std. Error) 

A. County Population 

Total Pop. 538,644 (40,446) 

Pop./Sq. Mile 1,533 (246.6) 

% Male 48.82 (0.0486) 

% Over 85 1.936 (0.0340) 

% Black 17.99 (0.713) 

% White 70.86 (0.735) 

% Obese 31.37 (0.277) 

% Diabetic 10.12 (0.121) 

B. County Economic Status 

HH Median Inc. 61,345 (901.1) 

% Service Occupations 17.92 (0.142) 

C. Number of Counties by Region 

Northeast 64 

Midwest 81 

West 29 

South 214 

D. COVID-19 Deaths 

COVID-19 Deaths/100k population 150.4 (4.024) 

Sample Size 388 

(Standard Errors) in Parentheses 
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ay include changes in avoidance behavior (either linked to preva- 

ence or other time-varying factors), changing treatments, chang- 

ng infection-fatality risks, or simply measurement error from the 

revalence proxies [28] . 

Finally, heterogeneity analyses for different time trends are con- 

ucted by generating interaction terms between the time indica- 

ors and covariates for Census region, percentage of the popula- 

ion older than 85 years, and population density. Continuous re- 

ression covariates are de-meaned, so that regression intercepts 

an be interpreted for the mean county. All standard errors re- 

orted are robust to heteroscedasticity. Analyses were conducted 

n STATA/SE version 14.2. Choropleth maps were generated using 

he Plotly Python graphing library. 

Role of the Funding Source: The funder had no role in study 

esign, data collection and analysis, decision to publish, or prepa- 

ation of the manuscript. 

. Results 

.1. Sample Characteristics 

The characteristics of counties included in the analytical sam- 

le are summarized in Table 1 . The mean county in this sample is

9% male, 18% Black, 71% White, 31% obese (BMI > 30), 10% diabetic, 

nd has a population of approximately 539,0 0 0. As of January 27th, 

he observed counties experienced an average of 150.4 COVID-19- 

elated deaths per 10 0,0 0 0 individuals. These data represent nearly 

wo-thirds of the American population. 

.2. National Trends in COVID-19 Mortality by Race 

While Black populations have cumulatively suffered far greater 

er capita mortality than White populations, in recent months 

he ratio of deaths in Black versus White populations has de- 

lined, driven by a convergence in mortality between these groups 

 Fig. 1 a). Since November, weekly per capita mortality in White 

opulations has surpassed that of Black populations ( Fig. 1 b). Al- 

hough COVID-19 mortality in Black persons was mostly consistent 

rom October to November, mortality in White persons grew sig- 

ificantly, and by January reached an all-time high. These results 

arallel similar convergence in COVID-19 prevalence by race (Ap- 

endix Fig. 1 a-b). 
4 
Fig. 1 c-f maps the ratio of Black versus White COVID-19 mor- 

ality per capita by state in May, July, October, and January. Racial 

ifferences in COVID-19 mortality varied substantially across states 

n May. For instance, COVID-19 mortality was six times greater in 

he Black population relative to the White population in Wiscon- 

in, yet were approximately equivalent in Oregon, Washington, and 

rizona. Nationally, the ratio of COVID-19 mortality between Black 

nd White populations has declined and converged over time. By 

anuary, the mortality ratio in nearly all states was consistently less 

han three. Similar map figures (Black versus White COVID-19 mor- 

ality per capita in July, October, and January) were also generated 

t the county level, however due to the inclusion criteria of each 

ounty needing > 10 deaths per race group, these descriptive fig- 

res are less-readily interpretable (Supp. Fig. 2a-c), even though 

he majority of the US population is represented. Further, small 

ounty size makes it hard to see large-picture trends visually. 

.3. County-level Results 

Table 2 provides information about the magnitude and direction 

f county-level COVID-19 mortality trends for Black persons [Col- 

mn 1-2] (natural-log outcomes interpreted as percent change), 

hite persons [Column 3-4], as well as the mortality ratio of the 

lack to White population from June 2020 to January 2021 [Col- 

mn 5-6]. For each outcome, the left column presents the regres- 

ion coefficients for time (months) without control variables, and 

he right column presents the coefficients controlling for county- 

evel characteristics. 

Both White and Black populations have experienced a substan- 

ial increase in county-level total mortality over time. In June, the 

ortality for Black persons was greater than that for White per- 

ons; however, the increase in mortality has been much greater 

mong White persons compared with Black persons from Septem- 

er onward. Relative to June, COVID-19 mortality increased by 4% 

y July, 24% by September, 50% by December, and 61% by January 

Column 1] for Black persons; and 5% by July, 25% by September, 

1% by December, and 90% by January for White persons [Column 

]. As a result of the greater increase in COVID-19 mortality among 

hite populations, the Black/White mortality ratio has declined 

ver time [Column 5]. These trends held even when controlling for 

ounty characteristics [Columns 2, 4, 6], though coefficients rose 

lightly (but not significantly) applying controls to the mortality 

egressions. 

Table 3 presents results from the fixed-effects models in which 

ll observed and unobserved, time-invariant, county-level charac- 

eristics are taken into account. Fixed-effects estimates show simi- 

ar time trends of COVID-19 mortality within counties as the non- 

xed-effects models. Columns 1 and 2 further support that to- 

al COVID-19 mortality has increased for both racial groups; how- 

ver, greater increases in White mortality since September has re- 

ulted in a closing racial gap. By January 2021, the cumulative 

lack/White COVID mortality ratio had dropped by 0.37 (24.3%) 

ompared to June [Column 3]. Consistency between the OLS re- 

ression and county fixed-effects models suggests that the shift- 

ng COVID mortality burden is not driven by changes in the re- 

ional distribution of COVID mortality (and associated changes in 

he characteristics of new locations that see large COVID increases), 

ut rather by changes within counties. Our analysis reported sim- 

lar results when a single fixed-effect model was used to estimate 

ortality trends for both Black and White populations together, 

ompared to estimating the trend separately (Appendix 1). 

Columns 4 and 5 include covariates to study the role of COVID- 

9 prevalence on the Black/White mortality ratio. Total per capita 

ortality and lagged positive per capita tests are both used to 

ssess prevalence. Controlling for total mortality per capita or 

ositive tests per capita nearly fully accounts for the downward 
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Table 2 

County-level regressions for non-Hispanic Black and White mortality (per 10 0,0 0 0 individuals), as well as the mortality ratio with month indicator variables. Left 

column for each outcome reports time effects without covariates, and right column reports outcomes controlled for by de-meaned county-level characteristics. 

Table 2: County-level Mortality by Race Over Time 

[1] [2] [3] [4] [5] [6] 

Outcome ln(Black COVID-19 Mortality per capita) ln(White COVID-19 Mortality per capita) Black/White per capita COVID-19 Mortality 

Controls Applied? No Yes No Yes No Yes 

July 0.04 0.07 0.05 0.08 -0.04 -0.03 

[-0.18 - 0.25] [-0.11 - 0.25] [-0.14 - 0.24] [-0.07 - 0.22] [-0.25 - 0.17] [-0.23 - 0.17] 

August 0.11 0.18 0.09 0.16 -0.02 -0.02 

[-0.09 - 0.30] [0.01 - 0.34] [-0.08 - 0.27] [0.02 - 0.29] [-0.22 - 0.17] [-0.21 - 0.17] 

September 0.24 0.33 0.25 0.33 -0.07 -0.06 

[0.05 - 0.43] [0.17 - 0.48] [0.08 - 0.42] [0.20 - 0.46] [-0.26 - 0.12] [-0.25 - 0.12] 

October 0.31 0.40 0.35 0.44 -0.12 -0.11 

[0.12 - 0.49] [0.24 - 0.55] [0.19 - 0.52] [0.31 - 0.56] [-0.30 - 0.06] [-0.29 - 0.07] 

November 0.38 0.47 0.49 0.57 -0.20 -0.19 

[0.20 - 0.56] [0.32 - 0.63] [0.33 - 0.65] [0.45 - 0.70] [-0.38 - -0.01] [-0.37 - -0.01] 

December 0.50 0.60 0.71 0.79 -0.31 -0.30 

[0.32 - 0.68] [0.44 - 0.75] [0.55 - 0.87] [0.67 - 0.92] [-0.49 - -0.12] [-0.49 - -0.12] 

January 0.61 0.71 0.90 0.98 -0.40 -0.40 

[0.43 - 0.78] [0.56 - 0.86] [0.74 - 1.06] [0.86 - 1.11] [-0.58 - -0.22] [-0.58 - -0.22] 

Constant (June Base Level) 4.34 4.13 4.03 3.79 1.55 1.66 

[4.18 - 4.51] [3.97 - 4.28] [3.89 - 4.18] [3.66 - 3.91] [1.39 - 1.71] [1.48 - 1.84] 

Observations 2,072 2,072 2,072 2,072 2,072 2,072 

R-Squared 0.08 0.33 0.19 0.52 0.03 0.13 

County FE? NO NO NO NO NO NO 

[95% Confidence Intervals] in Brackets 

June Reference Group 

Controlled columns include de-meaned covariates for % of a County that is Black, % of people over 85, % male, median household income, % Obese, % Diabetic, 

population density, % in a service occupation, and US Census region indicators 

Table 3 

County-level fixed-effects regressions for non-Hispanic Black and White mortality (per 10 0,0 0 0 individuals), as well as the mortality rate ratio 

with month indicator variables. Columns 4 and 5 add covariates for COVID-19 disease prevalence at the county level. 

Table 3: Fixed Effects Results at County Level 

[1] [2] [3] [4] [5] 

Outcome 

ln(Black COVID-19 

Mortality per 

capita) 

ln(White COVID-19 

Mortality per 

capita) 

Black/White per 

capita COVID-19 

Mortality 

Black/White per 

capita COVID-19 

Mortality 

Black/White per 

capita COVID-19 

Mortality 

ln(Total Mort. Per 

Cap.) 

-0.21 

[-0.29 - -0.13] 

ln(Lag Pos. Tests 

Per Cap.) 

-0.19 

[-0.26 - -0.12] 

July 0.12 0.11 0.01 0.03 0.07 

[0.07 - 0.18] [0.06 - 0.16] [-0.03 - 0.05] [-0.01 - 0.07] [0.03 - 0.11] 

August 0.25 0.23 0.01 0.06 0.12 

[0.19 - 0.32] [0.16 - 0.30] [-0.04 - 0.06] [0.02 - 0.11] [0.07 - 0.16] 

September 0.41 0.42 -0.04 0.06 0.13 

[0.34 - 0.49] [0.34 - 0.50] [-0.09 - 0.02] [0.00 - 0.11] [0.08 - 0.19] 

October 0.48 0.51 -0.08 0.03 0.11 

[0.40 - 0.55] [0.43 - 0.60] [-0.14 - -0.03] [-0.03 - 0.09] [0.06 - 0.17] 

November 0.56 0.64 -0.16 -0.02 0.08 

[0.48 - 0.64] [0.56 - 0.73] [-0.21 - -0.10] [-0.09 - 0.04] [0.01 - 0.14] 

December 0.70 0.88 -0.29 -0.11 0.03 

[0.61 - 0.78] [0.79 - 0.98] [-0.35 - -0.22] [-0.19 - -0.03] [-0.05 - 0.12] 

January 0.82 1.07 -0.37 -0.16 0.01 

[0.73 - 0.91] [0.98 - 1.17] [-0.44 - -0.31] [-0.25 - -0.07] [-0.10 - 0.12] 

Constant (June 

Base Level) 

4.18 3.89 1.52 1.41 1.30 

[4.11 - 4.25] [3.81 - 3.97] [1.47 - 1.57] [1.35 - 1.46] [1.24 - 1.36] 

Observations 2,072 2,072 2,072 2,072 2,072 

R-Squared 0.60 0.68 0.37 0.41 0.41 

County FE? YES YES YES YES YES 

Number of 

Counties 

388 388 388 388 388 

[95% Confidence Intervals] in Brackets 

June Reference Group 

ln(Total Mort.) and ln(Lag Pos.) de-meaned 

5 
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Figure 1. National Trends in COVID-19 Mortality by Race. 

(a) Weekly Cumulative Black/White Death Rate (Mortality per 10 0,0 0 0 individuals) Ratios were calculated by date and subsequently plotted from 5/6/2020-1/27/2021. (b) 

Weekly Change in COVID-19 Death Rate (deaths per 10 0,0 0 0 individuals) by race was calculated by date and subsequently plotted from 5/13/2020-1/27/2021. US maps were 

generated to visualize Black Over White Death Rate Ratio by state on (c) 5/28/2020, (d) 7/22/2020, (e) 10/28/2020, and (f) 1/27/2021. 
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rend in racial difference: coefficients over time approach 0, though 

ome small time-effects persist. These residual time effects may 

epresent several different forces. It could represent time-shocks 

such as time-specific avoidance behaviors, or weather), that lead 

o deviations from the prevalence-disparity relationship, or larger 

ime-varying changes that have shaped the pandemic, like chang- 

ng treatment and infection-fatality rates, or gradual returns to 

ork and school. It may also represent changing measurement er- 

ors in the prevalence or disparity metrics over time. Nonethe- 

ess, the residual time effects are comparatively small using ei- 

her prevalence measure. County-level variation in infection preva- 

ence seems to act as the primary driver of time-based declines in 

lack/White COVID-19 mortality ratio. 

.3. Heterogeneity by Age, Population Density, and Region 

Assessment of heterogeneity in the mortality time trends by 

opulation density revealed a strong negative interaction between 

ime and population density from September 2020 onward, indi- 

ating that counties with higher population density experienced 
6 
elatively smaller increases in mortality (Appendix 3). Conversely, 

egarding the racial gap, the positive interaction between time and 

opulation density suggests that counties with higher population 

ensity experienced less cumulative convergence between Black 

nd White COVID-19 mortality since September. 

Investigating heterogeneity by age revealed similar results (Ap- 

endix 2). Areas with larger shares of population over age 85 ob- 

erved both smaller increases in Black and White mortality since 

une, as well as a positive interaction between time and older age 

roportion with respect to disparities. These results suggest that 

ounties with older populations experienced comparatively less 

onvergence over time. 

Analysis by region revealed large geographic differences (Ap- 

endix 4). Compared to the time trends for the Northeast, COVID- 

9 mortality increased more rapidly in the West and the South, 

or both Black and White populations. Similar to the national 

ime trends shown in Table 3 , COVID-19 mortality increased more 

mong White persons in the Midwest, the West, and the South, 

esulting in larger declines in the racial gap over time. For exam- 

le, among White persons living in the Midwest, total COVID mor- 
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ality in January 2021 increased 132% relative to June 2020, while 

ortality among Black persons increased 90%. The considerable re- 

uction in the Black/White COVID-19 mortality ratio by December 

eflects this increase in COVID-19 mortality among White persons 

n the Midwest. 

In order to assess whether the regional trends in disparities 

ere driven by regional differences in pandemic stage (as sug- 

ested by the differing intercepts in June), prevalence covariates 

ere added to an interacted model with regional coefficients (Ap- 

endix 5). This additional analysis revealed that differences be- 

ween regions at each time point approach zero when accounting 

or COVID-19 prevalence, and most interaction terms are no longer 

ignificant, suggesting that differences in the Black/White mortality 

atio by region primarily reflect different stages of the pandemic 

ather than differences in inherent regional characteristics. 

. Discussion 

Our study set out to understand changes over time in the bur- 

ens of COVID-19 mortality in non-Hispanic Black and White pop- 

lations, and the ratio between the two. This study makes three 

ey contributions to the literature. 

First, we investigate these trends over a comparatively long 

ime period, from June 2020 through January 2021, during which 

n additional surge in cases occurred. Our results show that the 

ational convergence between Black and White COVID-19 mortal- 

ty outcomes was primarily driven by trends within counties. Pre- 

ious work has argued that changes in the regional dispersion of 

OVID-19 between regions with different characteristics was driv- 

ng national changes in the relationship between Black and White 

ortality [ 9 , 10 ]. In sharp contrast, our fixed-effects approach re- 

eals that the driving force for the observed mortality convergence 

s occurring within counties. 

Second, we show that the observed time trends can be al- 

ost entirely accounted for by the relationship between COVID- 

9 prevalence and the Black/White mortality ratio. Variation in 

OVID-19 prevalence at the county level enable us to separate 

he effects of changing prevalence from other time-specific factors 

hat are not accounted for, allowing us to identify a strong nega- 

ive relationship between changes in COVID-19 prevalence and the 

lack/White mortality ratio that nearly fully accounts for the ob- 

erved trends over time. This has important implications for un- 

erstanding observed disparities in COVID-19 mortality as linked to 

he trajectory of disease prevalence, rather than to any specific ac- 

ivity at certain timepoints. Nonetheless, there remain some resid- 

al time-based effects on disparities that are not fully accounted 

or by the prevalence changes, which may suggest either smaller, 

ut nonetheless relevant time-specific shocks, or measurement er- 

or, and warrant further investigation. 

Third, we document heterogeneity in the time trends observed. 

e show that in younger populations, the Black/White mortality 

atio fell the most. In addition, we find that places with higher 

opulation density experienced smaller COVID-19 mortality in- 

reases, and less convergence between Black and White outcomes. 

inally, we show census-region level geographic variation in the 

ime trend even with the county-fixed effect, which can be nearly 

ully accounted for by changes in COVID-19 prevalence, providing 

urther evidence for the core role of prevalence in driving mortality 

isparities rather than time-specific shocks or mechanisms linked 

o the geographic characteristics specifically. 

Several potential mechanisms could explain the convergence 

ver time between Black and White mortality, including changes 

n exposure between populations or vulnerability of individuals af- 

ected by COVID-19 over time. Potential mechanisms for changes in 

isparities can generally be attributed to either changes in expo- 

ure or changes in mortality conditional on exposure. Our results 
7 
uggest that both sets of factors may be at play, as the mecha- 

ism driving convergence in disparities is primarily affecting mor- 

ality within the county level, and is potentially linked to changes 

n cumulative COVID-19 prevalence rather than time. Further re- 

earch should focus on mechanisms consistent with within-county 

hanges and prevalence-based mechanisms, rather than the geo- 

raphic variation theory. 

Most discussion on COVID-19 mortality outcomes over time 

as focused on the potential role of geography in explaining 

rends. Our results suggest that geographic changes in prevalence 

f COVID-19, and specifically, changes in the characteristics of ar- 

as where COVID-19 is prevalent, are not the primary driver of 

onvergence in racial mortality. Our findings instead suggest that 

he primary mechanisms involved are taking place within smaller 

eographic areas, and that shifts in mortality trends are not ac- 

ounted for by time-invariant county characteristics (such as pop- 

lation density or demographic composition). 

While changes in exposure between populations is a diffi- 

ult potential mechanism to assess, particularly due to changing 

OVID-19 testing availability, the convergence over time between 

ational per capita positive tests in Black and White populations 

arallels our core results, suggesting prevalence-disparities are 

ikely linked to changing mortality disparities (Appendix Figure 1 ). 

hanges over time in exposure to COVID-19 between the two pop- 

lations is likely one of the driving forces in the observed mortality 

rends. Our results on the relationship between population density 

nd mortality are consistent with evidence from other studies that 

reas of greater population density had both more effective and 

ore persistent social distancing over time [29] . While high den- 

ity is related to increased risk, particularly early on in the pan- 

emic, more persistent behavioral avoidance in those areas could 

ead to an attenuated time trend (especially when log-outcomes 

ssessing percentage change are used) [30] . 

Another potential mechanism includes temporal differences in 

ortality among generally vulnerable populations. This may man- 

fest in either of two ways: comparatively increased exposure 

mong vulnerable populations, or comparatively increased mortal- 

ty conditional on exposure. It is possible that vulnerable groups 

ay have had less control over exposure, particularly earlier in the 

andemic, resulting in disproportionate COVID-19 infections and 

eaths early on, “front-loading” mortality in socially and medically 

ulnerable groups. A wealth of literature has shown how system- 

tic forces place Black populations at higher risk of exposure, in- 

luding prevalence of “essential worker” classifications [21] . Fur- 

hermore, while prior literature has shown that pre-existing con- 

itions do not fully explain racial mortality disparities [31] , pre- 

xisting conditions that could increase an individual’s likelihood 

f dying due to COVID-19 are more prevalent in Black popula- 

ions, and early mortality selection on pre-existing conditions may 

agnify disparities early on in the pandemic. A combination of 

hese health and socioeconomic factors may have resulted in in- 

reased vulnerability of Black populations relative to White pop- 

lations early in the pandemic, contributing to the observed time 

rends. Prior evidence from persons with kidney failure is consis- 

ent with this theory: amongst this at-risk population, Black mor- 

ality exceeded White mortality by the largest margin early on in 

he pandemic [32] . This mechanism would also be consistent with 

 prevalence-disparity relationship. 

. Limitations 

This study has several limitations. We used provisional COVID- 

9 mortality data in which counties may have had differential de- 

ays in reporting deaths. Further, provisional death counts are in- 

omplete, and so our study likely underestimates the cumulative 

umber of deaths for any given interval. 
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Additionally, due to confidentiality concerns, only counties with 

ore than 10 deaths for both Black and White individuals are in- 

luded. Although the counties used in the study comprise the ma- 

ority of the U.S. population, they do not constitute a random sub- 

et of U.S. counties, and tend to have greater absolute populations 

nd more COVID-19 deaths per capita than the average U.S. county. 

herefore, while using the county fixed-effects approach controls 

or all fixed factors related to a county’s inclusion in our data, mit- 

gating the effects of selection, our results may not generalize to 

ounties not included in the sample. Selection may affect the size 

f the disparities estimated – since our data suggests that county- 

evel disparities fall as disease prevalence increases over time, se- 

ection into our sample of counties with larger prevalence that 

eet the 10-death threshold may in fact have smaller disparities 

han average when they enter our sample. However, examining 

rends within-county over time would account for this, and would 

rovide robust results of trends after entry into our sample. 

A third potential concern is that our results may be hard to in- 

erpret if the time interval between COVID-19 diagnosis, mortality 

nd reporting differ significantly by race. While such differences 

ould exist, the county fixed-effects approach ensures our esti- 

ates are robust as long as between-race differences in measure- 

ent error or reporting lags do not vary substantially over time 

ithin counties . Nonetheless, there is limited evidence that time- 

ines between diagnosis, hospitalization, and mortality vary sub- 

tantially by race [33] , and our analyses ( Figure 1 B) clearly indi-

ate that Black and White COVID-19 mortality surges occur at the 

ame time, suggesting minimal differences by race in both report- 

ng time and mortality. 

The prevalence variables used in this paper and linked to the 

isparity measures – total COVID-19 mortality and lagged positive 

ests, are also imperfect estimates of prevalence. By utilizing two 

ifferent proxies for prevalence, we hope to draw more robust con- 

lusions that do not fully depend on the potential biases of either 

pecific measure. 

A fifth limitation is the lack of county-level data disaggregated 

y both age and race. Because our estimates are not age-adjusted, 

ur findings likely understate the true difference in outcomes be- 

ween Black and White populations. While we are able to posit 

otential mechanisms, lack of fine-grained data on exposure and 

ortality rates over time prevents us from decomposing conver- 

ence in disparities to changes in exposure or infection-fatality rate 

pecifically. 

In addition, despite the use of a county fixed-effects framework, 

here may still be confounding factors that remain unaccounted 

or. Finally, our analysis also does not explore disparities in other 

ulnerable populations within the US, including Hispanic popula- 

ions. 

. Conclusions 

Between June 2020 and January 2021, per capita COVID-19 mor- 

ality increased more substantially for White populations than for 

lack populations, resulting in a declining Black/White COVID-19 

ortality ratio. These effects persist even when controlling for 

ll county-specific time-invariant factors, and are not driven by 

hanges in the regional presence of COVID-19 prevalence. The ma- 

ority of the observed trends in disparities over time, including re- 

ional variation in the time trends, can be explained by changes 

n cumulative COVID-19 prevalence at the county level, suggesting 

hat the primary driver of cumulative convergence between Black 

nd White mortality outcomes is due to the ‘stage’ of infection 

revalence, rather than other time-linked factors that aren’t mea- 

ured in our analysis. However, the exact mechanism by which this 

ccurs is not clear. Further research should investigate mechanisms 

onsistent with these results. 
8 
Our findings provide direct evidence to reject the commonly- 

iscussed ‘geographic’ theory of converging COVID-19 disparities, 

howing that the mechanisms that drive differences in mortality 

ver time in Black and White populations are occurring primarily 

ithin small geographic areas and are linked to changes in COVID- 

9 prevalence, rather than other time-varying factors. Further re- 

earch into potential mechanisms consistent with these criteria, 

uch as changes in exposure and behavioral responses to prior 

ortality, or potential ‘front-loading’ of more-vulnerable patients, 

ould be of high value and may allow for greater understanding 

f how such mechanisms can be addressed to minimize dispari- 

ies in health crises. For policymakers, our work re-emphasizes the 

mportance of not only protecting vulnerable populations, but tak- 

ng decisive action early on, as vulnerable populations may be es- 

ecially vulnerable early in a public health emergency. This type 

f research will be important for fully understanding COVID-19- 

elated mortality disparities, and may shed light on some of the 

echanisms driving health disparities broadly. 
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