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As research documenting disparate impacts of COVID-19 by race and ethnicity grows,
little attention has been given to dynamics in mortality disparities during the pandemic
and whether changes in disparities persist. We estimate age-standardized monthly all-
cause mortality in the United States from January 2018 through February 2022 for
seven racial/ethnic populations. Using joinpoint regression, we quantify trends in race-
specific rate ratios relative to non-Hispanic White mortality to examine the magnitude
of pandemic-related shifts in mortality disparities. Prepandemic disparities were stable
from January 2018 through February 2020. With the start of the pandemic, relative
mortality disadvantages increased for American Indian or Alaska Native (AIAN), Native
Hawaiian or other Pacific Islander (NHOPI), and Black individuals, and relative mor-
tality advantages decreased for Asian and Hispanic groups. Rate ratios generally
increased during COVID-19 surges, with different patterns in the summer 2021 and
winter 2021/2022 surges, when disparities approached prepandemic levels for Asian
and Black individuals. However, two populations below age 65 fared worse than White
individuals during these surges. For AIAN people, the observed rate ratio reached 2.25
(95% CI = 2.14, 2.37) in October 2021 vs. a prepandemic mean of 1.74 (95% CI =
1.62, 1.86), and for NHOPI people, the observed rate ratio reached 2.12 (95% CI =
1.92, 2.33) in August 2021 vs. a prepandemic mean of 1.31 (95% CI = 1.13, 1.49).
Our results highlight the dynamic nature of racial/ethnic disparities in mortality and
raise alarm about the exacerbation of mortality inequities for Indigenous groups due to
the pandemic.
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The COVID-19 pandemic emerged against a backdrop of long-standing structural rac-
ism in the United States and resulting racial/ethnic disparities in mortality. Increases in
all-cause mortality in the first year of the pandemic were larger in Black and Hispanic
than in White groups (1, 2). In addition, the pandemic’s indirect effects on mortality
were higher in racially minoritized groups in 2020 (3). Although there are indications
that some of these disparities may have been reduced in 2021 (4, 5), there is little evi-
dence on how disparities evolved over time, how different racial and ethnic groups
were affected, and whether disparities have returned to prepandemic levels or estab-
lished a new baseline. Evaluating the temporal dynamics of disparities through the
pandemic is important because if inequalities vary substantially over time, it suggests
inequalities are malleable and responsive to fluctuations in the epidemic and the social
response to the pandemic.
Comparisons with non-Hispanic White mortality reflect systemic advantages that

have buffered White mortality from COVID-19 and from many indirect negative
health effects of the pandemic, such as lower risk of exposure through work (6), protec-
tion from underlying conditions due to weathering processes, and better health care
access and quality (7). Preexisting inequities associated with mortality, including lack
of health care, financial hardship, and housing instability, were likely exacerbated dur-
ing the pandemic. For example, due to racialized occupational sorting, minoritized
groups were at higher risk of job loss and subsequent loss of health insurance during
the pandemic. Since the US legacy of racial violence and exclusion is different for Black
Americans than for Indigenous Americans and for racialized immigrants from Latin
America and Asia, we do not assume that the pandemic will have similar impacts on all
relative disparities.
Here, we study the dynamics in all-cause mortality in the United States from January

2018 through February 2022, including the first 2 y of the COVID-19 pandemic, to
understand how the pandemic altered racial and ethnic disparities in mortality in the
short term and how disparities trends varied across groups. We analyzed monthly
dynamics in the relative disparity between White individuals and six other racial and
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ethnic groups stratified by age. We defined this relative disparity
using age-adjusted death rate ratios with the White population
as the reference group because of their advantaged racialization
in the United States. With this approach, we explore how racial
and ethnic mortality disparities unfolded over the pandemic.

Results

All-cause mortality increased in all seven racial and ethnic
groups in the United States during the COVID-19 pandemic,
in particular during the winter 2020/2021 wave (Fig. 1). Sea-
sonal fluctuations in all-cause mortality before the pandemic
were similar in all groups. Racial and ethnic mortality dispar-
ities were stable when measured on a ratio scale for the 2 y
before the pandemic (Fig. 2). During the pandemic, rate ratios
for age-standardized all-cause mortality relative to White mor-
tality remained stable for multiracial and Native Hawaiian and
other Pacific Islander individuals aged 65 or older.
For all other racial and ethnic groups across all ages, the all-

cause mortality rate ratio relative to White mortality increased
with the start of the pandemic (with longer time lags in some
groups than others) and again, during subsequent COVID-19
surges (Fig. 2). For example, prior to the pandemic, Black indi-
viduals of all ages had 1.19 (95% CI = 1.17, 1.21) times the
mortality rate of White individuals; the observed rate ratio
peaked at 1.77 (95% CI = 1.75, 1.79) during the initial wave
of the pandemic (April 2020) and reached a momentary trough
of 1.10 (95% CI = 1.09, 1.11) in December 2021, when
White mortality increased earlier in the winter 2021/2022
Omicron wave. The Black–White relative disparity approxi-
mated its prepandemic level by February 2022; however, this
reflects elevated absolute mortality for both Black and White
people compared with prepandemic. Although Hispanic people
of all ages had lower all-cause mortality compared with White
people prior to the pandemic, during COVID-19 surges, the
age-standardized all-cause mortality rate of Hispanic people sur-
passed that of White people in 3 mo during the 2-y pandemic
period (April and July 2020 and January 2021). For Asian
Americans of all ages, the increased rate ratio meant a reduced
mortality advantage relative to White people from a prepandemic
mean rate ratio of 0.50 (95% CI = 0.48, 0.52) to observed rate
ratios of 0.72 (95% CI = 0.71, 0.73) in April 2020 and 0.68
(95% CI = 0.67, 0.69) in January 2021. In addition to the

pandemic’s exacerbation of the Black–White mortality disparity,
the largest exacerbations of disparities relative to White people
occurred among American Indian or Alaska Native people and
Native Hawaiian or other Pacific Islander people under age 65.
Notably, observed rate ratios increased again during the surge in
summer 2021, up to 2.25 (95% CI = 2.14, 2.37) for American
Indian or Alaska Native people under age 65 from a prepan-
demic mean rate ratio of 1.74 (95% CI = 1.62, 1.86). Similarly,
the observed rate ratios increased to 2.12 (95% CI = 1.92, 2.33)
in August 2021 for Native Hawaiian or other Pacific Islander
people under age 65 from a prepandemic mean rate ratio of 1.31
(95% CI = 1.13, 1.49).

Discussion

Racial and ethnic disparities in all-cause mortality during the
pandemic did not simply mirror prepandemic disparities.
Instead, relative gaps in monthly age-standardized mortality
(relative to White mortality) worsened for most racial and eth-
nic groups studied with the onset of the pandemic. Relative dis-
parities were most extreme during COVID-19 waves. While
mortality increased more for nearly all racialized groups than in
the White population, there was heterogeneity in the extent to
which exacerbated disparities persisted after the first year. Two
years into the pandemic, mortality disparities remain exacer-
bated above prepandemic levels for American Indian or Alaska
Native people and for Native Hawaiian or other Pacific Islander
people, driven by a worsening of already extreme disparities in
mortality among those under 65 y of age.

It is important to note that the disparities trends we study
here are relative to changing mortality rates in the White popu-
lation. Thus, reductions in disparities in some racial groups
may be in large part due to an increase in (age-standardized)
COVID-19 deaths in the White population by 35% from
2020 to 2021, while COVID-19 deaths in Hispanic and Asian
populations remained largely stable (5). We note three limita-
tions when using death certificate data. First, we use provisional
death data, which may differ from the final data. Second, the
timeliness of provisional death reporting varies by jurisdiction.
Third, misclassification of race on death certificates is more fre-
quent for some minoritized populations compared with the
non-Hispanic White population, especially among American
Indian and Alaska Native, Asian, and multiracial populations
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Fig. 1. Monthly age-standardized mortality rates per 100,000 population across racial/ethnic groups shown on a logarithmic scale. The dashed vertical lines
indicate March 2020, the start of the COVID-19 pandemic. All racial/ethnic groups are of non-Hispanic ethnicity except for Hispanic. Shaded regions represent
the initial, winter 2020/2021, summer 2021, and winter 2021/2022 waves.
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(5, 8). Taken together, both the mortality rates and the rate ratios
are likely to be underestimated, especially for minoritized popula-
tions (8). While this study focuses on all-cause mortality, emerg-
ing evidence suggests that excess mortality during the pandemic
mainly resulted from direct COVID-19 deaths in addition to
increases in causes other than COVID-19, including cardiovascu-
lar deaths, diabetes, drug overdose, and homicide (13, 9, 10).
The temporal variability we documented underscores the

modifiability of racial disparities. Substantial variation in the
magnitude of disparities in the short term suggests that with
appropriate strategies, disparities can be reduced or prevented.
While some of our results are likely driven by differential access
to vaccines (4), our findings also suggest that interventions to
reduce disparities must go beyond COVID-19 vaccine avail-
ability in order to counter the multiple mechanisms linking
structural racism to mortality (7). These might include long-
term interventions, such as guaranteed basic income programs,
subsidized housing, health care for all, and childcare subsidies,
as well as short-term interventions, such as culturally tailored
door-to-door vaccination campaigns and proactive patient navi-
gation for people with multiple comorbidities.
American Indian, Alaska Native, Native Hawaiian, and Pacific

Islander populations in the United States below age 65 experi-
enced a sustained widening of mortality disparities during the
COVID-19 pandemic. These unprecedented mortality disparities
demand new policies and community investments. Policies
should attend to the unequal impacts of the pandemic on already

devastating inequities in mortality in the United States (11). We
should reject narratives that treat racial and ethnic disparities as
inevitable or normal.

Materials and Methods

We used publicly available single-race data on all-cause mortality and single-
race population sizes from the Centers of Disease Control and Prevention’s
Wide-Ranging Online Data for Epidemiologic Research (WONDER) platform (12),
accessed 15 July and 15 February 2022, to extract all deaths by age group and
race/ethnicity for 1 January 2018 through 28 February 2022. We calculated
monthly age-standardized all-cause mortality rates for seven racial/ethnic groups
using the direct method and the US 2000 standard population in 5-y age bins
(0 to 4, 5 to 9, … , 85 and over) for the total population and stratified by under
65 y of age vs. 65 y and over. We then calculated ratios of monthly mortality
rates in each racial/ethnic group compared with non-Hispanic White. We used
joinpoint models (with up to nine joinpoints) to estimate temporal trends in the
rate ratios. Joinpoint regression models use segmented weighted linear regres-
sion, with the constraint that segments must meet (or “join”), to characterize
temporal trends as parsimonious sets of linear regressions (13, 14). Repro-
ducible code and data are available at https://github.com/mkiang/dynamic_
inequality.

Data, Materials, and Code Availability. This study uses publicly-available
data from the Centers of Disease Control and Prevention’s WONDER platform
(12) . All code and data used in this manuscript have been deposited in GitHub
[https://github.com/mkiang/dynamic_inequality (15)].
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Fig. 2. Monthly rate ratios of all-cause mortality compared with non-Hispanic White. The points and error bars represent the observed monthly rate ratios
and corresponding 95% CIs, respectively. The solid lines represent the joinpoint model fits. Shaded regions represent the initial, winter 2020/2021, summer
2021, and winter 2021/2022 waves.
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