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Abstract

IMPORTANCE Prior research has established that Hispanic and non-Hispanic Black residents in the
US experienced substantially higher COVID-19 mortality rates in 2020 than non-Hispanic White
residents owing to structural racism. In 2021, these disparities decreased.

OBJECTIVE To assess to what extent national decreases in racial and ethnic disparities in COVID-19
mortality between the initial pandemic wave and subsequent Omicron wave reflect reductions in
mortality vs other factors, such as the pandemic’s changing geography.

DESIGN, SETTING, AND PARTICIPANTS This cross-sectional study was conducted using data from
the US Centers for Disease Control and Prevention for COVID-19 deaths from March 1, 2020, through
February 28, 2022, among adults aged 25 years and older residing in the US. Deaths were examined
by race and ethnicity across metropolitan and nonmetropolitan areas, and the national decrease in
racial and ethnic disparities between initial and Omicron waves was decomposed. Data were
analyzed from June 2021 through March 2023.

EXPOSURES Metropolitan vs nonmetropolitan areas and race and ethnicity.

MAIN OUTCOMES AND MEASURES Age-standardized death rates.

RESULTS There were death certificates for 977 018 US adults aged 25 years and older (mean [SD]
age, 73.6 [14.6] years; 435 943 female [44.6%]; 156 948 Hispanic [16.1%], 140 513 non-Hispanic
Black [14.4%], and 629 578 non-Hispanic White [64.4%]) that included a mention of COVID-19. The
proportion of COVID-19 deaths among adults residing in nonmetropolitan areas increased from 5944
of 110 526 deaths (5.4%) during the initial wave to a peak of 40 360 of 172 515 deaths (23.4%) during
the Delta wave; the proportion was 45 183 of 210 554 deaths (21.5%) during the Omicron wave. The
national disparity in age-standardized COVID-19 death rates per 100 000 person-years for
non-Hispanic Black compared with non-Hispanic White adults decreased from 339 to 45 deaths from
the initial to Omicron wave, or by 293 deaths. After standardizing for age and racial and ethnic
differences by metropolitan vs nonmetropolitan residence, increases in death rates among
non-Hispanic White adults explained 120 deaths/100 000 person-years of the decrease (40.7%); 58
deaths/100 000 person-years in the decrease (19.6%) were explained by shifts in mortality to
nonmetropolitan areas, where a disproportionate share of non-Hispanic White adults reside. The
remaining 116 deaths/100 000 person-years in the decrease (39.6%) were explained by decreases
in death rates in non-Hispanic Black adults.

CONCLUSIONS AND RELEVANCE This study found that most of the national decrease in racial and
ethnic disparities in COVID-19 mortality between the initial and Omicron waves was explained by
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Abstract (continued)

increased mortality among non-Hispanic White adults and changes in the geographic spread of the
pandemic. These findings suggest that despite media reports of a decline in disparities, there is a
continued need to prioritize racial health equity in the pandemic response.

JAMA Network Open. 2023;6(5):e2311098. doi:10.1001/jamanetworkopen.2023.11098

Introduction

Considerable research has documented racial and ethnic disparities in mortality during the COVID-19
pandemic in the US.1-13 During 2020, age-standardized death rates from COVID-19 were 2.6 times
higher for non-Hispanic American Indian and Alaska Native populations than the non-Hispanic White
population.14 Other racial and ethnic groups also experienced higher death rates than non-Hispanic
White residents; these populations included Hispanic residents (2.3 times higher) and non-Hispanic
Black residents (2.1 times higher). Structural racism has been a key driver of national disparities
throughout the pandemic.2,15-35

Prior literature on racial and ethnic disparities in COVID-19 mortality has largely studied the first
year of the pandemic. Less is known about how mortality patterns changed during the Delta and
Omicron waves in the second year amid increasing vaccination rates. Nationally, racial and ethnic
disparities in COVID-19 mortality decreased for some groups between 2020 and 2021.14 It remains
unknown if these changes were uniform across metropolitan and nonmetropolitan areas. It is also
unclear to what extent decreases in disparities reflected reductions in mortality or other factors, such
as changes in the geographic spread of the pandemic.

There are multiple reasons to anticipate that pandemic geography and racial and ethnic
patterns of COVID-19 mortality may have changed concurrently.36 First, the pandemic spread to rural
areas in 2021, where a higher proportion of non-Hispanic White people reside.37-39 Second,
differences in vaccine uptake have been reported by race, ethnicity, and urbanicity.40-43

In this study, we examined COVID-19 deaths among adults in the US by race and ethnicity across
metropolitan and nonmetropolitan areas from March 1, 2020, to February 28, 2022. Our objective
was to understand to what extent national decreases in racial and ethnic disparities in COVID-19
mortality during the first 2 years of the pandemic reflected reductions in mortality vs other factors,
such as the pandemic’s changing geography.

Methods

This cross-sectional study used deidentified, publicly available data and so was exempted from
review and informed consent by the Boston University Medical Center Institutional Review Board.
The study followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline for cross-sectional studies.

COVID-19 Mortality Data
We used mortality data from the US Centers for Disease Control and Prevention (CDC) Wide-ranging
Online Data for Epidemiologic Research (WONDER) database.44 Data were accessed in February
2023. Data for 2020 and 2021 were final, and data for 2022 were provisional. We used International
Statistical Classification of Diseases and Related Health Problems, Tenth Revision (ICD-10) code U07.1
to identify deaths for which COVID-19 was listed anywhere on the death certificate.

Race and ethnicity categories were defined as Hispanic, non-Hispanic American Indian and
Alaska Native, non-Hispanic Asian, non-Hispanic Black, non-Hispanic Native Hawaiian and other
Pacific Islander, and non-Hispanic White to facilitate comparison with prior CDC estimates.14 Race
and ethnicity is typically recorded on death certificates by funeral directors who are expected to
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collect this information from next of kin but may also rely on their own observations.45 Prior studies
found that the accuracy of race and ethnicity on death certificates was high overall but lower among
American Indian and Alaska Native populations.45,46

We defined March 1, 2020, through February 28, 2021, and March 1, 2021, through February 28,
2022, as the first and second years of the pandemic, respectively. We divided this 2-year period into
the initial wave (March 1 through May 31, 2020), second wave (June 1 through August 31, 2020),
Alpha wave (September 1, 2020, through May 31, 2021), Delta wave (June 1 through October 31,
2021), and Omicron wave (November 1, 2021, through February 28, 2022).

Because death counts between 0 and 9 were suppressed, we excluded deaths among
individuals aged younger than 25 years given that few deaths occurred at these ages compared with
older ages. We aggregated individuals to 3 age groups (25-54, 55-74, and �75 years) to minimize
suppression.

We condensed the data’s urban and rural classifications into 3 metropolitan and
nonmetropolitan categories of residence (large metropolitan, medium and small metropolitan, and
nonmetropolitan areas). Large metropolitan areas refer to counties in metropolitan statistical areas
with a population of 1 million residents or more. Medium and small metropolitan areas refer to
counties in metropolitan statistical areas with a population between 50 000 and 999 999 residents.
Nonmetropolitan areas refer to all other counties.47

We queried COVID-19 mortality by race and ethnicity across metropolitan and nonmetropolitan
categories for each pandemic year, wave, and month. To avoid substantial data suppression, we
limited our monthly analyses to the 3 most populous racial and ethnic groups and included
non-Hispanic Native Hawaiian and other Pacific Islander adults only in analyses of the pandemic year.
Our approach to querying is presented in eAppendix 1 in Supplement 1.

Population Data
We used April 2020, July 2020, and July 2021 population estimates from the US Census Bureau.48

Race and ethnicity in the census is self-reported or reported by a member of the household. We
obtained age group–specific monthly population estimates for each race and ethnicity in each
metropolitan category by assuming that category-specific populations increased or decreased
linearly between estimates and extrapolating for March 2020 and for August 2021 through
February 2022.

Data Imputation
Death counts were imputed when values between 0 and 9 deaths were suppressed. We imputed
with random draws from a β distribution with α parameter of 2 and β parameter of 3 and multiplied
results by 10. Imputation was limited to nonmetropolitan areas and was done only for the Hispanic
population during the first month and non-Hispanic Asian population during the first and
second waves.

Age-Standardized Death Rates
Because racial and ethnic groups in the US have different age distributions, age standardization was
necessary.4,25,49 We standardized death rates in this study using 3 age groups (25-54, 55-74, and �75
years) and used the overall 2020 US population as the standard population. Further details about
the age-standardization procedure and our approach to calculating variance are provided in
eAppendix 2 in Supplement 1. We estimated age-standardized death rates, changes in rates
comparing the initial wave to subsequent waves, rate ratios, and percent changes in rate ratios
between waves. All-area rates were calculated as the population-weighted mean of metropolitan-
specific rates.
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Statistical Analysis
We decomposed the national change between the initial wave of the pandemic and the Omicron
wave in the absolute disparity in age-standardized COVID-19 death rates among non-Hispanic Black
compared with non-Hispanic White adults. We also decomposed the national change in disparities
for Hispanic compared with non-Hispanic White adults and compared the initial wave with the
second, Alpha, and Delta waves. We sought to understand the contribution of the following 4
components to national changes in disparities:
1. The geographically standardized decrease in death rates among non-Hispanic Black or Hispanic

adults in a hypothetical population in which the non-Hispanic Black or Hispanic population had
the geographic distribution of a standard population.

2. The geographically standardized increase in death rates among non-Hispanic White adults in a
hypothetical population in which the non-Hispanic White population had the geographic
distribution of a standard population.

3. The change in mortality outcomes associated with shifts in where deaths occurred from
metropolitan to nonmetropolitan areas, where more non-Hispanic White adults reside relative to
the national geographic distribution (ie, the differential outcomes associated with changes in
racial or ethnic–specific and geography-specific mortality rates because of the actual geographic
distribution of the US population, with non-Hispanic White adults overrepresented in
nonmetropolitan areas).

4. The change in mortality outcomes associated with shifts in the racial and ethnic population
composition in metropolitan and nonmetropolitan areas, which we expected to be minor.

The components sum to the national change in disparity. When expressed as percentages, the
components sum to 100%. The standard population used for geographic standardization was the
aggregate total of Hispanic, non-Hispanic Black, and non-Hispanic White populations, with the mean
found across waves. We used the initial wave as the reference wave across all analyses for
consistency. Further details about the decomposition analysis are provided in the eAppendix 3 in
Supplement 1.

Programming code was developed using R statistical software version 3.6.3 (R Project for
Statistical Computing), and replication code is available online on GitHub.50 Data were analyzed from
June 2021 through March 2023.

Results

From March 1, 2020, through February 28, 2022, there were death certificates for 977 018 US adults
(mean [SD] age, 73.6 [14.6] years; 435 943 female [44.6%]; 156 948 Hispanic [16.1%], 140 513
non-Hispanic Black [14.4%], and 629 578 non-Hispanic White [64.4%]) aged 25 years and older that
included a mention of COVID-19. Among 110 526 deaths in the initial wave of the pandemic, 86 263
deaths (78.0%) occurred among adults residing in large metropolitan areas, 18 319 deaths (16.6%) in
medium or small metropolitan areas, and 5944 deaths (5.4%) in nonmetropolitan areas (eTable 1 in
Supplement 1). In contrast, among 172 515 deaths in the Delta wave, 70 981 deaths (41.1%) were
among adults residing in large metropolitan areas. Most deaths were instead among adults living in
medium and small metropolitan areas (61 174 deaths [35.5%]) and nonmetropolitan areas (40 360
deaths [23.4%]). Among 210 554 deaths in the Omicron wave, deaths from COVID-19 among adults
shifted back to those living in large metropolitan areas (97 716 deaths [46.4%]), while 45 183 deaths
(21.5%) occurred among adults in nonmetropolitan areas. Throughout the pandemic, the proportion
of the non-Hispanic White population residing in nonmetropolitan areas (25 853 544 of 144 753 329
adults [17.9%]) was 2.8 times larger than that of the Hispanic population (2 304 451 of 36 415 442
adults [6.3%]) and 2.0 times larger than that of the non-Hispanic Black population (2 420 986 of
27 455 724 adults [8.8%]).
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Changes in Mortality Across Metropolitan and Nonmetropolitan Areas
Across the country, death rates decreased for Hispanic (−34.0% [95% CI, −35.8 to −32.3%]),
non-Hispanic Asian (−71.2% [95% CI, −74.0 to −68.4%]), and non-Hispanic Black (−49.3% [95% CI,
−50.7 to −48.0%]) adults between initial and Delta waves (Table 1). These changes were explained
by decreases in mortality in large metropolitan areas (Hispanic: −55.1% [95% CI, −56.9% to −53.3%];
non-Hispanic Asian: −79.3% [95% CI, −82.2% to −76.5%]; non-Hispanic Black: −65.6% [95% CI,
−67.1% to −64.2%]). Meanwhile, death rates for these groups increased in medium and small
metropolitan and nonmetropolitan areas during this period. At the national level, death rates
increased for non-Hispanic American Indian and Alaska Native (36.4% [95% CI, 26.9% to 45.9%])
and non-Hispanic White (22.7% [95% CI, 21.6% to 23.8%]) adults between initial and Delta waves.
For non-Hispanic American Indian and Alaska Native adults, increases occurred across metropolitan
and nonmetropolitan areas. For non-Hispanic White adults, the increase was explained by
nonmetropolitan areas (465.1% [95% CI, 458.1% to 472.0%]) and medium and small metropolitan
areas (124.4% [95% CI, 121.6% to 127.1%]). Similar patterns were observed when comparing initial
and Omicron waves.

Figure 1 provides additional temporal detail to understand when mortality shifted to
nonmetropolitan areas. Death rates among Hispanic, non-Hispanic Black, and non-Hispanic White
adults in nonmetropolitan areas exceeded rates in large metropolitan areas as early as the second
wave; for example, among Hispanic adults, rates per 100 000 person-years for nonmetropolitan vs
large metropolitan areas were 83 deaths vs 403 deaths in the initial wave and 406 deaths vs 327
deaths in the second wave (eTable 2 in Supplement 1). Death rates among non-Hispanic White adults
increased between the initial and Alpha waves (47.7% [95% CI, 46.7%-48.7%]) (eTable 3 in

Table 1. Changes in Adult COVID-19 Death Rates From the Initial to Delta Wave

Area category Race and ethnicity

ASDR, No./100 000 PYsa

ASDR change from initial
to Delta wave, % (95% CI)

RR (95% CI)
RR change from initial
to Delta wave, % (95% CI)Initial wave Delta wave Initial wave Delta wave

Large metropolitan Hispanic 403.0 180.9 −55.1 (−56.9 to −53.3) 1.9 (1.9 to 2.0) 1.5 (1.4 to 1.5) −23.5 (−25.6 to −21.4)

Non-Hispanic
American Indian
and Alaska Native

122.3 193.4 58.1 (32.9 to 83.4) 0.6 (0.5 to 0.7) 1.6 (1.4 to 1.7) 169.4 (111.3 to 227.5)

Non-Hispanic Asian 240.0 49.6 −79.3 (−82.2 to −76.5) 1.1 (1.1 to 1.2) 0.4 (0.4 to 0.4) −64.8 (−66.7 to −62.9)

Non-Hispanic Black 590.7 202.9 −65.6 (−67.1 to −64.2) 2.8 (2.8 to 2.9) 1.7 (1.6 to 1.7) −41.5 (−43.0 to −40.0)

Non-Hispanic White 209.3 122.8 −41.3 (−42.4 to −40.2) 1 [Reference] 1 [Reference] 0 [Reference]

Medium and small
metropolitan

Hispanic 120.3 240.3 99.7 (92.9 to 106.6) 1.4 (1.3 to 1.5) 1.2 (1.2 to 1.3) −11.0 (−16.1 to −5.8)

Non-Hispanic
American Indian
and Alaska Native

233.1 294.3 26.3 (10.4 to 42.1) 2.7 (2.4 to 3.0) 1.5 (1.4 to 1.6) −43.7 (−52 to −35.4)

Non-Hispanic Asian 63.9 99.0 54.9 (39.7 to 70.2) 0.7 (0.7 to 0.8) 0.5 (0.5 to 0.5) −31.0 (−40.1 to −21.9)

Non-Hispanic Black 249.2 305.9 22.7 (18.3 to 27.2) 2.9 (2.8 to 3.0) 1.6 (1.5 to 1.6) −45.3 (−47.8 to −42.8)

Non-Hispanic White 86.9 195.0 124.4 (121.6 to 127.1) 1 [Reference] 1 [Reference] 0 [Reference]

Nonmetropolitan Hispanic 83.1 333.9 302.0 (282.4 to 321.7) 1.8 (1.6 to 2.0) 1.3 (1.2 to 1.3) −28.8 (−37.6 to −20.1)

Non-Hispanic
American Indian
and Alaska Native

273.8 374.3 36.7 (23.3 to 50.2) 5.9 (5.3 to 6.5) 1.4 (1.3 to 1.5) −75.8 (−78.8 to −72.8)

Non-Hispanic Asian 31.8 107.5 238.4 (169.0 to 307.7) 0.7 (0.4 to 1.0) 0.4 (0.3 to 0.5) −40.1 (−66.6 to −13.6)

Non-Hispanic Black 256.4 367.6 43.4 (36.3 to 50.5) 5.5 (5.2 to 5.9) 1.4 (1.3 to 1.4) −74.6 (−76.4 to −72.8)

Non-Hispanic White 46.5 262.9 465.1 (458.1 to 472.0) 1 [Reference] 1 [Reference] 0 [Reference]

All Hispanic 311.9 205.7 −34.0 (−35.8 to −32.3) 2.2 (2.2 to 2.3) 1.2 (1.2 to 1.2) −46.2 (−47.4 to −45.0)

Non-Hispanic
American Indian
and Alaska Native

217.7 297.0 36.4 (26.9 to 45.9) 1.6 (1.4 to 1.7) 1.7 (1.6 to 1.8) 11.2 (1.6 to 20.7)

Non-Hispanic Asian 205.7 59.2 −71.2 (−74.0 to −68.4) 1.5 (1.4 to 1.5) 0.3 (0.3 to 0.4) −76.5 (−77.6 to −75.4)

Non-Hispanic Black 478.5 242.5 −49.3 (−50.7 to −48.0) 3.4 (3.4 to 3.5) 1.4 (1.4 to 1.4) −58.7 (−59.5 to −57.9)

Non-Hispanic White 140.0 171.8 22.7 (21.6 to 23.8) 1 [Reference] 1 [Reference] 0 [Reference]

Abbreviations: ASDR, age-standardized death rates; PY, person-year; RR, rate ratio.
a To facilitate comparison across waves of different durations, death rates were annualized and estimates reported in units of COVID-19 deaths per 100 000 person-years.
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Figure 1. Monthly Adult Age-Standardized COVID-19 Death Rates
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Supplement 1). Death rates for non-Hispanic White adults also increased between the Alpha and
Omicron waves, most notably in nonmetropolitan areas (Alpha: 275 deaths/100 000 person-years;
Omicron: 375 deaths/100 000 person-years). By the second year of the pandemic, a rural mortality
disadvantage was observed for all racial and ethnic groups except non-Hispanic Native Hawaiian and
other Pacific Islander adults; for example, the death rate per 100 000 person-years among Hispanic
adults in the second year of the pandemic was 307 deaths in nonmetropolitan areas vs 200 deaths in
large metropolitan areas and 248 deaths in medium and small metropolitan areas (eTable 4 in
Supplement 1). Within nonmetropolitan areas during the second pandemic year, death rates per
100 000 person-years were higher for Hispanic, non-Hispanic American Indian and Alaska Native
(374 deaths), and non-Hispanic Black (308 deaths) adults than non-Hispanic White adults (256
deaths) (eTable 4 in Supplement 1).

Changes in Disparities in COVID-19 Mortality
At the national level, death rates were higher for non-Hispanic Black adults than non-Hispanic White
adults during the initial wave of the pandemic (rate ratio [RR], 3.4 [95% CI, 3.4-3.5]) (Table 1). This
disparity decreased over time, but death rates among non-Hispanic Black adults were still higher
compared with those for non-Hispanic White adults during the Delta (RR, 1.4 [95% CI, 1.4-1.4]) and
Omicron (RR, 1.2 [95% CI, 1.1-1.2]) waves. Similarly, the disparity for Hispanic adults compared with
non-Hispanic White adults was large in the initial wave (RR, 2.2 [95% CI, 2.2-2.3]) and smaller during
the Delta (RR, 1.2 [95% CI, 1.2-1.2]) and Omicron (RR, 1.0 [95% CI, 1.0-1.1]) waves (Table 2). In the
initial wave, non-Hispanic Asian adults had higher death rates than non-Hispanic White adults,
whereas the Delta and Omicron waves presented the opposite pattern. Disparities remained
relatively constant for non-Hispanic American Indian and Alaska Native adults compared with
non-Hispanic White adults from the initial wave to the Delta and Omicron waves and for
non-Hispanic Native Hawaiian and Other Pacific Islander adults from the first to second pandemic
year (eTable 4 in Supplement 1).

Decomposition of Changes in Disparities
We sought to understand mechanisms that may have contributed to national decreases in disparities.
The national disparity in age-standardized COVID-19 death rates per 100 000 person-years for
non-Hispanic Black compared with non-Hispanic White adults decreased from 339 to 45 deaths, or
by 293 deaths, from the initial wave to the Omicron wave (Figure 2). Increases in geographically
standardized death rates per 100 000 person-years for non-Hispanic White adults explained 120
deaths (40.7%) in this decrease. Movement of mortality per 100 000 person-years from
metropolitan to nonmetropolitan areas explained another 58 deaths (19.6%), and 116 deaths (39.6%)
were explained by decreases in geographically standardized death rates among non-Hispanic Black
adults. For Hispanic compared with non-Hispanic White adults, the national disparity in
age-standardized COVID-19 mortality per 100 000 person-years decreased from 172 to 12 deaths, or
by 160 deaths, during this period. This decrease was fully explained by increases in geographically
standardized death rates among non-Hispanic White adults (120 deaths/100 000 person-years
[74.6%]) and movement of mortality from metropolitan to nonmetropolitan areas (72 deaths/
100 000 person-years [45.2%]). Geographically standardized death rates increased for Hispanic
adults during this period and thus contributed negatively to the decrease (−32 deaths/100 000
person-years [−19.6%]).

Comparing the Delta wave with the initial wave, increases in geographically standardized death
rates for non-Hispanic White adults and movement of mortality from metropolitan to
nonmetropolitan areas also explained much of the national decrease in disparities (Figure 2). In the
national decrease in disparities in deaths per 100 000 person-years for non-Hispanic Black
compared with non-Hispanic White adults from 339 to 71 deaths, or by 268 deaths, these
mechanisms contributed to 89 deaths in the decrease (33.1%). In the national decrease in disparities
in deaths per 100 000 person-years for Hispanic compared with non-Hispanic White adults from
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172 to 34 deaths, or by 138 deaths, the mechanisms contributed to 90 deaths in the decrease
(65.0%). Full results of the decomposition, including comparisons of the initial wave with the second
and Alpha waves, are presented in eTable 5 in Supplement 1.

Discussion

In this cross-sectional study of COVID-19 deaths in the US, we found that racial and ethnic disparities
for Hispanic and non-Hispanic Black adults compared with non-Hispanic White adults decreased
substantially between the initial wave of the pandemic and the Omicron wave. However, most of this
reduction in disparities for non-Hispanic Black adults and all of the reduction in disparities for
Hispanic adults was explained by increases in geographically standardized mortality among
non-Hispanic White adults and geographic shifts of the pandemic to nonmetropolitan areas, where a
disproportionate share of non-Hispanic White adults reside.

Our findings contrast with recent media reports suggesting that decreases in racial and ethnic
disparities in COVID-19 mortality may represent improvements in public health.51 Our work suggests
that it may be premature to celebrate reductions in disparities because they did not largely represent

Table 2. Changes in Adult COVID-19 Death Rates From the Initial to Omicron Wave

Area category Race and ethnicity

ASDR, No./100 000 PYsa

ASDR change from initial
to Omicron wave, % (95% CI)

RR (95% CI)
RR change from initial
to Omicron wave, % (95% CI)Initial wave Omicron wave Initial wave Omicron wave

Large metropolitan Hispanic 403.0 255.1 −36.7 (−38.6 to −34.8) 1.9 (1.9 to 2.0) 1.1 (1.1 to 1.1) −43.4 (−44.8 to −41.9)

Non-Hispanic
American Indian
and Alaska Native

122.3 333.4 172.7 (141.2 to 204.1) 0.6 (0.5 to 0.7) 1.4 (1.3 to 1.6) 144.0 (93.1 to 194.9)

Non-Hispanic
Asian

240.0 118.2 −50.8 (−53.9 to −47.6) 1.1 (1.1 to 1.2) 0.5 (0.5 to 0.5) −55.9 (−57.9 to −54.0)

Non-Hispanic
Black

590.7 311.9 −47.2 (−48.8 to −45.6) 2.8 (2.8 to 2.9) 1.3 (1.3 to 1.4) −52.7 (−53.9 to −51.6)

Non-Hispanic
White

209.3 233.9 11.7 (10.4 to 13.0) 1 [Reference] 1 [Reference] 0 [Reference]

Medium and small
metropolitan

Hispanic 120.3 335.2 178.6 (170.4 to 186.8) 1.4 (1.3 to 1.5) 1.2 (1.2 to 1.2) −12.6 (−17.6 to −7.6)

Non-Hispanic
American Indian
and Alaska Native

233.1 440.5 89.0 (70.6 to 107.5) 2.7 (2.4 to 3.0) 1.6 (1.5 to 1.7) −40.7 (−49.2 to −32.1)

Non-Hispanic
Asian

63.9 138.0 115.9 (98.3 to 133.6) 0.7 (0.7 to 0.8) 0.5 (0.5 to 0.5) −32.2 (−41.1 to −23.4)

Non-Hispanic
Black

249.2 326.6 31.1 (26.3 to 35.9) 2.9 (2.8 to 3.0) 1.2 (1.1 to 1.2) −58.9 (−60.8 to −56.9)

Non-Hispanic
White

86.9 276.9 218.7 (215.4 to 222.0) 1 [Reference] 1 [Reference] 0 [Reference]

Nonmetropolitan Hispanic 83.1 403.7 386.0 (362.6 to 409.4) 1.8 (1.6 to 2.0) 1.1 (1.0 to 1.1) −39.7 (−47.1 to −32.2)

Non-Hispanic
American Indian
and Alaska Native

273.8 547.6 100.0 (84.3 to 115.7) 5.9 (5.3 to 6.5) 1.5 (1.4 to 1.6) −75.2 (−78.2 to −72.1)

Non-Hispanic
Asian

31.8 156.0 390.9 (305.2 to 476.5) 0.7 (0.4 to 1.0) 0.4 (0.4 to 0.5) −39.1 (−65.8 to −12.3)

Non-Hispanic
Black

256.4 345.7 34.8 (27.4 to 42.2) 5.5 (5.2 to 5.9) 0.9 (0.9 to 1.0) −83.3 (−84.5 to −82.0)

Non-Hispanic
White

46.5 374.7 705.4 (696.7 to 714.1) 1 [Reference] 1 [Reference] 0 [Reference]

All Hispanic 311.9 285.0 −8.6 (−10.5 to −6.7) 2.2 (2.2 to 2.3) 1.0 (1.0 to 1.1) −53.2 (−54.2 to −52.2)

Non-Hispanic
American Indian
and Alaska Native

217.7 451.9 107.6 (96.3 to 118.8) 1.6 (1.4 to 1.7) 1.7 (1.6 to 1.7) 6.3 (−2.6 to 15.2)

Non-Hispanic
Asian

205.7 122.4 −40.5 (−43.6 to −37.3) 1.5 (1.4 to 1.5) 0.4 (0.4 to 0.5) −69.5 (−70.7 to −68.3)

Non-Hispanic
Black

478.5 318.4 −33.5 (−34.9 to −32.0) 3.4 (3.4 to 3.5) 1.2 (1.1 to 1.2) −65.9 (−66.6 to −65.2)

Non-Hispanic
White

140.0 273.4 95.2 (94.0 to 96.5) 1 [Reference] 1 [Reference] 0 [Reference]

Abbreviations: ASDR, age-standardized death rate; PY, person-year; RR, rate ratio.
a To facilitate comparison across waves of different durations, death rates were annualized and estimates reported in units of COVID-19 deaths per 100 000 person-years.
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reductions in mortality.13 In fact, over the study period, death rates increased markedly in all areas for
non-Hispanic White and non-Hispanic American Indian and Alaska Native adults and in
nonmetropolitan areas for most groups. Within nonmetropolitan areas, death rates were
substantially higher for Hispanic, non-Hispanic American Indian and Alaska Native, and non-Hispanic
Black adults during the second year of the pandemic than for non-Hispanic White adults.

The emergence of a rural disadvantage in COVID-19 death rates for most racial and ethnic
groups during the second year of the pandemic may point to social and structural factors associated
with health in rural areas. Rural populations, especially non-Hispanic Black and non-Hispanic
American Indian and Alaska Native individuals, have higher rates of chronic diseases, which were
associated with increased risk of dying from COVID-19.52,53 Health systems that serve rural areas,
including the Indian Health Service, have long been underfunded,54,55 and Hispanic, non-Hispanic
Black, and non-Hispanic American Indian and Alaska Native populations in rural areas report lower
access to health care than the non-Hispanic White population. Prior research has further
demonstrated the association of declining economic opportunity with negative outcomes in rural
health,56,57 which was worsened in the COVID-19 pandemic.58

This rural disadvantage could also be associated with lower COVID-19 vaccination rates. As of
January 2022, 61% of metropolitan residents and 48% of nonmetropolitan residents were fully
vaccinated.59 This may be partially associated with partisanship. Despite the effectiveness of
vaccines in their association with reduced mortality, Republican voters were more vaccine hesitant
than other populations and more frequently resided in rural areas.39,41,60,61 While vaccination
delivery favored older and non-Hispanic White individuals early in the pandemic,62,63 the racial and
ethnic gap in vaccination rates has since decreased.64 However, delivery can still improve.65-67 As of
February 2023, Hispanic, non-Hispanic American Indian and Alaska Native, and non-Hispanic Black
adults have received boosters at substantially lower rates than non-Hispanic White adults.68

Evidence-based approaches to increasing vaccine and booster uptake include partnerships with
faith-based organizations, housing communities, and community organizations; mitigating barriers,
such as requirements for photo identification; making vaccines available outside typical working
hours; ensuring that clinics are accessible via public transportation; and centering Black and
American Indian and Alaska Native officials in outreach efforts.66,69-72 Strategies in rural areas
include education of community ambassadors, use of social media, and operation of mobile
vaccination sites.73 The Panola Project in Alabama is 1 case study of a community leader, Dorothy
Oliver, who organized her rural, predominantly Black community to get vaccinated with little

Figure 2. Decomposition of Mechanisms Contributing to National Changes in Racial and Ethnic Disparities
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government support.74 The CDC and health departments could support similar community-led
efforts on a wider scale.75

Beyond vaccination, additional policy changes could further support racial health equity during
the pandemic. Paid sick time and medical leave may ensure that essential workers are able to isolate
and recover if they develop COVID-19.76,77 Continued rent, eviction, and foreclosure moratoriums
and extended unemployment benefits may reduce financial and housing insecurity.78,79 Economic
reparations, investments in community-based safety, and funding for social programs may address
social determinants of health that have been associated with mortality disparities.28,80-82

Investments in health systems that serve rural areas, including Indigenous health systems, may also
help reduce high rural death rates observed for most racial and ethnic groups.54,55 Finally, initiatives
to diversify the physician workforce and reduce medical racism may contribute to a more equitable
pandemic response.83,84

Limitations
This study has several limitations. First, a key limitation of our decomposition analysis was that it was
not possible to fully separate racial and ethnic disparities in mortality from geography because
residential segregation and other forms of structural racism are associated with where members of
racial and ethnic groups live.15,21,22 Efforts to geographically standardize COVID-19 mortality
estimates early in the pandemic were criticized for decreasing the estimated magnitude of racial and
ethnic disparities by controlling for structural racism that made it more likely for Hispanic and
non-Hispanic Black individuals to live in urban areas, where COVID-19 death rates were higher.85 As
our study found, however, death rates in rural areas exceeded those in urban areas as early as the
second wave of the pandemic. This suggests that the association of geographic standardization with
differences in mortality estimates changed as the pandemic progressed. While geographic
standardization remains controversial as a descriptive tool, we believe it is a useful instrument to
understand mechanisms associated with disparities in mortality and their changes over time. In this
study, such an analysis suggested that the association of structural racism with COVID-19 mortality
persists even when changes in the geographic spread of the pandemic may disguise some of its
associated outcomes in national mortality statistics.

Second, COVID-19 mortality data for January and February 2022 were provisional, and such
mortality data are 75% complete 8 weeks after deaths occurred.86 Our data were accessed 11 months
after the last death in our study, suggesting that these data may be nearly complete. Third,
population estimates for 2022 were not available; some geographic units may have experienced
population changes, and we could not account for these changes. Fourth, we used an imputation
procedure to replace suppressed data; however, imputation was infrequent. Fifth, owing to
constraints related to data suppression, we used 3 broader age categories rather than 10-year
categories for age-standardization and did not standardize by sex. Sixth, classification of race and
ethnicity on death certificates is less accurate for American Indian and Alaska Native
populations.45,46 Thus, we may have underestimated mortality for these adults. Seventh, we did not
examine death rates among non-Hispanic adults with multiracial backgrounds because prior research
has identified significant heterogeneity in this population.87,88 Future research should use other data
sources to explore important differences that may exist within this population. Eighth, our estimates
of COVID-19 mortality may differ from estimates of excess mortality, which include uncounted
COVID-19 deaths and deaths indirectly related to the pandemic.9 Nonmetropolitan areas and some
racial and ethnic groups, such as non-Hispanic Black populations, may have a greater number of
uncounted deaths.9,89 Understanding how undercounting of COVID-19 deaths varied throughout the
pandemic is an important area for future research.
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Conclusions

In this cross-sectional study, we decomposed national decreases in racial and ethnic disparities in
age-standardized COVID-19 mortality for Hispanic and non-Hispanic Black adults compared with
non-Hispanic White adults over the first 2 years of the pandemic. We found that most of the decrease
in disparities for non-Hispanic Black adults and all of the decrease in disparities for Hispanic adults
was explained by increases in geographically standardized mortality among non-Hispanic White
adults and movement of the pandemic to nonmetropolitan areas rather than reductions in mortality.
While advancements toward racial and ethnic health equity have occurred, our study suggests that
this work is not finished. Efforts to promote equitable booster distribution, invest in rural health
systems, and address structural racism are still urgently needed.
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