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Objectives. To estimate the direct and indirect effects of the COVID-19 pandemic on overall, race/

ethnicity-specific, and age-specific mortality in 2020 in the United States.

Methods. Using surveillance data, we modeled expected mortality, compared it to observed mortality,

and estimated the share of “excess” mortality that was indirectly attributable to the pandemic versus

directly attributed to COVID-19. We present absolute risks and proportions of total pandemic-related

mortality, stratified by race/ethnicity and age.

Results. We observed 16.6 excess deaths per 10000 US population in 2020; 84% were directly
attributed to COVID-19. The indirect effects of the pandemic accounted for 16% of excess mortality, with

proportions as low as 0% among adults aged 85 years and older and more than 60% among those aged

15 to 44 years. Indirect causes accounted for a higher proportion of excess mortality among racially

minoritized groups (e.g., 32% among Black Americans and 23% among Native Americans) compared
with White Americans (11%).

Conclusions. The effects of the COVID-19 pandemic on mortality and health disparities are

underestimated when only deaths directly attributed to COVID-19 are considered. An equitable public

health response to the pandemic should also consider its indirect effects on mortality. (Am J Public
Health. 2022;112(1):154-164. https://doi.org/10.2105/AJPH.2021.306541)

M ost reports of US mortality asso-
ciated with the COVID-19 pan-

demic have focused on deaths caused
by infection with severe acute respira-
tory syndrome coronavirus 2 (SARS-
CoV-2). Such reports overlook the
many indirect pathways through which
the pandemic has affected mortality,
despite evidence that deaths attributed
to COVID-19 accounted for only 66% to
72% of all pandemic-related mortality
in 2020." Estimates of total pandemic-
related mortality typically evaluate
“excess deaths” (i.e., the difference
between the total number of deaths
that occurred during the pandemic and

the number expected for that same
period in absence of the pandemic,
given historical trends in all-cause mor-
tality). As of May 20, 2021, the Centers
for Disease Control and Prevention
(CDC) estimated that between 431 924
and 503 372 excess deaths occurred in
the United States in 2020,® whereas
COVID-19 was documented as a primary
or underlying cause of 384 098 deaths in
2020,% implying that between 11% and
24% of pandemic-related deaths in
2020 were not captured in official sur-
veillance data on deaths from COVID-19.
National figures, however, do not
reveal how the pandemic has affected

different population groups. We know
that the risk of dying from COVID-19
varies by age, gender, race, ethnicity,
and other sociodemographic charac-
teristics because of differences in expo-
sure probability (e.g., Black, Latinx, and
Indigenous people are more likely, as a
result of structural racism, to live and
work in places that are conducive to
the spread of SARS-CoV-2"°) and sus-
ceptibility (e.g., older adults are more
likely to develop severe COVID-197).
The risk of dying from an indirect con-
sequence of the pandemic, such as
social isolation, economic insecurity, or
disrupted medical care, is also likely to
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vary across population groups.® Quanti-
fying group differences in the risks of
dying from direct versus indirect effects
of the pandemic can lay the groundwork
for a more tailored and equitable public
health response to the pandemic.

In this analysis, we used surveillance
data from 2015 to 2020 to model
expected mortality in 2020 and com-
pared it to observed mortality in 2020.
Using death certificate data, we esti-
mated the risk of death and proportion
of total pandemic-related mortality
directly attributed to COVID-19. Under
the assumption that the remaining
excess deaths represent the social and
economic effects of the pandemic on
mortality, we present estimates of the
risk of death and proportion of total
pandemic-related mortality indirectly
attributable to the pandemic. We exam-
ine group differences in the magnitude
and composition of pandemic-related
mortality by presenting age- and race/
ethnicity-specific estimates in addition
to national estimates.

METHODS

The National Center for Health Statis-
tics (NCHS), a division of the CDC,
began releasing provisional counts of
deaths from all causes and deaths
attributed to COVID-19, grouped by
CDC Morbidity and Mortality Weekly
Report (MMWR) week, in April 2020."°
Deaths attributed to COVID-19 are
defined as deaths with COVID-19 listed
as an immediate or underlying cause of
death on the death certificate, including
deaths among people with suspected,
but not laboratory-confirmed, COVID-
19. Provisional counts of deaths were
upweighted to account for incomplete
reporting in more recent weeks, with
weights estimated based on the com-
pleteness of provisional data in the

reporting jurisdiction in 2018 to 2019.
For this analysis, we used counts of
deaths that occurred between January 3,
2015, and December 31, 2020, and
were reported to the NCHS by August 1,
2021. Death counts were classified by
race/ethnicity as recorded on the death
certificate (Hispanic, non-Hispanic White,
non-Hispanic Black, non-Hispanic Asian,
non-Hispanic American Indian/Alaska
Native, non-Hispanic Native Hawaiian/
Pacific Islander, and other or unknown)
and by age group (0-14, 15-19, 20-24,
25-29, 30-34, 35-39, 40-44, 45-49,
50-54, 55-59, 60-64, 65-69, 70-74,
75-79, 80-84, and = 85 years). Age
group was missing for 796 decedents
(< 0.01%); race/ethnicity was reported
as other or unknown for 101 664
(0.74%). We excluded deaths with miss-
ing sociodemographic information only
from the relevant group-specific esti-
mates. We obtained monthly population
estimates for 2015 to 2020 from the US
Census Bureau."®

Estimation of
Expected Deaths

We used data on deaths that occurred
between January 3, 2015, and February
29, 2020, to estimate expected counts
of deaths during the pandemic period
(i.e., the number of deaths we expect to
have observed in the absence of the
pandemic). We assumed that the pan-
demic period began on March 1, 2020.
We modeled deaths in the prepan-
demic period using quasi-Poisson
regression to account for overdisper-
sion of death counts, following the
approach used by the CDC." We used
separate models to predict expected
death counts at the national level, over-
all and for each age group, each racial/
ethnic group, and each combination of
age group and racial/ethnic group.

Each model accounted for secular
trends by using a linear term for epide-
miological year, and for seasonal trends
by using restricted quadratic spline
terms for MMWR week, with knots
placed at the weeks representing per-
centiles of the observed distribution of
deaths (10th, 25th, 50th, 75th, and
90th). We used the estimated model
coefficients to predict death counts for
each MMWR week between March 1
and December 31, 2020. Details about
the specification and fit of the models
are provided in Appendix A (available
as a supplement to the online version
of this article at http://www.ajph.org),
and plots of observed and predicted
death counts are provided in Appendix
D. While models were fit by epidemio-
logical year (July to June) to more
smoothly model the rise and fall in
deaths that occurs each winter and
spring, the plots show observed and
predicted death counts by calendar
year (January to December).

Estimation of Risks
of Death

Using observed and predicted counts
of deaths, we estimated observed and
expected risks of death in 2020. We
intentionally report risks because of
their advantages over more commonly
reported mortality rates. Whereas rates
are averaged over time, and contrasts
of rates (e.g., rate differences and
ratios) are noncollapsible, risks are
explicitly a function of time, and their
contrasts are collapsible, making risks
easier to compare across studies and
across time periods.'" Moreover, risks
of death have a convenient interpreta-
tion as the “average” probability of
death among individuals alive at the
beginning of the risk period (i.e., the
probability that a person randomly
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selected from the population on Janu-
ary 1, 2020, would survive to a particu-
lar week of 2020), whereas rates do not
apply to individual population
members.

To estimate risks, we first accounted
for the impacts of aging on age-group
membership over the course of the year
by adjusting observed and predicted
death counts to reflect the age groups
of decedents as of January 1, 2020.
Details are provided in Appendix B (avail-
able as a supplement to the online ver-
sion of this article at http://www.ajph.
org). We then merged the observed and
predicted death counts for 2020 with
population denominators to estimate
the observed risk of death from all
causes, the expected risk of death from
all causes, and the observed risk of
death from COVID-19 for each MMWR
week of 2020. The observed risk of
death from all causes was estimated as
F(¢) %, where O, indicates the cumu-
lative count of observed deaths through
MMWR week t, and N indicates the size
of the population on January 1, 2020, as
estimated by the US Census Bureau.'®

obs =™

The expected risk of death from all
causes was estimated as F(t) ,, = ENf
where E, indicates the cumulative count
of predicted deaths through MMWR
week t. We estimated the excess risk of
death from all causes as the difference
between the observed and expected
risks of death from all causes (i.e., Ft)ops
- Fexp). Finally, we estimated the share
of the excess risk of death in 2020 that
was indirectly attributable to the pan-
demic as the difference between the
excess risk of death from all causes and
the observed risk of death from COVID-
19. To estimate the uncertainty around
our estimates, we constructed 95% con-
fidence intervals (Cls) based on the
empirical distribution of estimates
obtained from 10000 bootstrap

samples of the data (details provided in
Appendix C, available as a supplement
to the online version of this article at
http://www.ajph.org). We conducted all
analyses in SAS version 9.4 (SAS Institute,
Cary, NC).

To interpret our results, we relied on
the following assumptions: (1) our sta-
tistical models for expected deaths cor-
rectly predict the number of deaths
that would have occurred during the
pandemic period in the absence of the
pandemic; (2) if not for the pandemic,
individuals who died in 2020 and
whose deaths were directly or indirectly
attributable to the pandemic would still
have been alive on December 31, 2020;
and (3) medical examiners are able to
correctly distinguish cause of death such
that all deaths caused by COVID-19 are
captured using International Classification
of Diseases, Tenth Revision (https://bit.ly/
3xiSWDQ) code U07.1.

RESULTS

We estimated that US mortality was
17% higher than expected in 2020, cor-
responding to 16.6 excess deaths per
10000 population (95% Cl=16.4, 16.7;
Table 1; Figure 1). Equivalently, 1 in 602
(95% Cl=11in 610, 1 in 599) US resi-
dents who were alive on January 1,
2020, died as a direct or indirect result
of COVID-19 by December 31, 2020. Of
those deaths, 84% were directly attrib-
uted to COVID-19. The remaining 16%
represent deaths indirectly attributable
to the pandemic: an absolute risk of 2.7
deaths per 10 000 population (95%
Cl=25,238).

In our analyses of age-specific mortal-
ity, we found that the magnitude of
excess mortality increased dramatically
with age, consistent with prepandemic
mortality patterns as well as the age
distribution of deaths attributed to

COVID-19 (Figure 2). The percentage
increase in observed mortality relative
to expected mortality, which accounts
for age differences in prepandemic
mortality, was similar across age
groups, with the exception of children
aged 0 to 14 years. The risk of death
was 3% lower than expected among
children aged 0 to 14 years (95%
Cl=—4.5, —-1.3), and higher than
expected in all other age groups, rang-
ing from 13% higher among adults
aged 85 years and older (95% Cl =12.8,
13.4) to 24% higher among adults aged
40 to 44 years (95% Cl =22.8, 25.6). In
contrast, the proportion of excess mor-
tality directly attributed to COVID-19
varied widely by age group, from 9%
among decedents aged 15 to 19 years
to 100% among decedents aged 85
years and older. In the age group with
the largest percentage increase in
observed versus expected mortality,
adults aged 40 to 44 years, only 40% of
excess deaths were directly attributed
to COVID-19.

In analyses of race/ethnicity-specific
mortality, we found that the magnitude
of excess mortality varied widely across
groups (Figure 3). The 1-year risk of
excess mortality was higher than the
national average among decedents
identified as American Indian or Alaska
Native (25.2 deaths per 10 000) or Black
(22.2 deaths per 10000), and lower
than the national average among dece-
dents identified as Hispanic (13.8
deaths per 10 000), White (13.6 deaths
per 10 000), Native Hawaiian or Pacific
Islander (12.4 deaths per 10 000), or
Asian (8.6 deaths per 10 000).

Differences in the magnitude of
excess mortality reflect the dispropor-
tionate burden of the pandemic on
racially minoritized groups as well as
prepandemic mortality patterns. These
prepandemic mortality patterns are
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largely driven by differences in the age
distributions of different racial/ethnic
groups. For example, the expected risk
of death among Hispanic Americans
(37.3 deaths per 10000) was a fraction
of the expected risk of death among
non-Hispanic White Americans (114.4
deaths per 10 000). Comparisons of
the percentage increase in observed
versus expected mortality account for
differences in prepandemic mortality
patterns. For example, decedents iden-
tified as non-Hispanic White experi-
enced an 11.9% increase in observed
versus expected mortality in 2020 (95%
Cl=11.7%, 12.1%), whereas decedents
identified as Hispanic experienced a
37.0% increase (95% Cl = 36.2%,
37.8%)—more than 3 times the
increase experienced by White

Americans. The percentage increase in
observed versus expected mortality
was 32.5% among decedents identified
as American Indian or Alaska Native
(95% Cl = 30.0%, 35.1%), 25.2% among
those identified as Black (95% Cl =
24.6%, 25.7%), 21.6% among those
identified as Asian (95% Cl = 20.4%,
22.8%), and 19.7% among those identi-
fied as Native Hawaiian or Pacific
Islander (95% Cl = 14.6%, 25.3%).

The proportion of excess deaths
directly attributed to COVID-19 also
varied substantially across racial/ethnic
groups. Deaths indirectly attributable
to the pandemic accounted for as
much as 32% of excess mortality
among decedents identified as Black
and as little as 5% of excess mortality
among those identified as Native

Hawaiian or Pacific Islander. When
considering younger age groups (ages
0-29, 30-49, and 50-69 years), the
proportion of excess mortality indi-
rectly attributable to the pandemic was
highest among decedents identified as
White (Appendix, Figure A). In these
younger age groups, however, the
absolute risks of death indirectly attrib-
utable to the pandemic were greatest
among decedents identified as Black
and American Indian or Alaska Native.
Among adults aged 30 to 49 years, for
example, indirect causes accounted
for 6.7 deaths per 10 000 Black dece-
dents aged 30 to 49 yearsand 11.9
deaths per 10 000 American Indian or
Alaska Native decedents aged 30 to

49 years, versus 3.4 deaths per 10000
White decedents aged 30 to 49 years.




DISCUSSION

We estimate that there were nearly 17
excess pandemic-related deaths in
2020 per 10000 US residents alive on
January 1, 2020. This is an estimate of
the net effect of the pandemic on mor-
tality. The net effect accounts for deaths
caused by and prevented by the pan-
demic (i.e., some portion of deaths
caused by the pandemic is offset by
decreases in influenza deaths, traffic
fatalities, and other deaths that would
have occurred in the absence of lock-
downs and social distancing). We esti-
mate that 84% of excess deaths were
directly attributed to COVID-19, while
the remaining 16% of excess deaths
represent the net indirect effect of the
pandemic on mortality in 2020.

Our estimate of excess deaths directly
attributable to COVID-19 exceeds an ear-
lier estimate of 66% based on data
through October 2020" and a more
recent estimate of 72% that did not
account for delays in the reporting of
death certificates to the NCHS.? Both
earlier estimates were also based on
mortality rates, which, unlike risks, do not
account for changes in the population
denominator as more susceptible indi-
viduals die and less susceptible individu-
als are born into the population, or as
individuals age in and out of groups with
different mortality risks. In group-specific
analyses, we found that the proportion
of excess deaths indirectly attributable to
the pandemic varied widely by age, and
across racial/ethnic groups within strata
of age. Our findings reveal that a sub-
stantial proportion of pandemic-related
mortality has not been captured in sur-
veillance data on deaths from COVID-19,
particularly among young people who
are not recognized as being at serious
risk of death from COVID-19. We also
found that racial/ethnic inequities in

pandemic-related mortality are likely
underestimated when only deaths
directly attributed to COVID-19 are
considered.

Underdiagnosis of COVID-19 may
explain part of the difference between
excess deaths and deaths directly attrib-
uted to COVID-19. Underdiagnosis is an
especially plausible explanation for
deaths occurring early in the pandemic
period, when testing was not yet wide-
spread, and before the release of fede-
ral guidelines for reporting COVID-19
deaths on March 24, 2020." These
guidelines give some leeway to coroners
and medical examiners, who are
responsible for confirming cause of
death, and it is possible that some have
systematically underreported deaths
from COVID-19." Underdiagnosis is
unlikely to account for all excess deaths
during the pandemic period, however.
In the United Kingdom, hospital autop-
sies conducted during the first 2 months
of lockdown (starting on March 23,
2020) identified reduced access to
health care, financial and work pres-
sures, and drug and alcohol misuse as
much more frequent causes of death
than undiagnosed COVID-19." In the
United States, documented increases in
deaths from chronic diseases like
dementia, diabetes, and heart dis-
ease”'® may partially reflect underdiag-
nosed COVID-19, but they may also,
along with increases in deaths from

1516 and homicide,"”

drug overdose
reflect the sweeping social and eco-
nomic costs of the pandemic.® Future
validation studies may illuminate what
proportion of excess deaths may have
been attributable to undiagnosed
COVID-19.

In our analysis, we found that excess
deaths among older adults were much
more likely to be directly attributed to
COVID-19 than deaths among people

aged younger than 55 years. Our results
corroborate a previous study that found
that only 38% of excess deaths among
adults aged 25 to 44 years from March
to July 2020 were directly attributed to
COVID-19."? Inadequate testing among
young adults early in the pandemic may
have contributed to the low proportion
of deaths directly attributed to COVID-19
in this group, although access to testing
has since improved. Another plausible
explanation is that, while young adults
are less susceptible to COVID-19, they
are nonetheless dying at alarming rates
because of the social and economic
effects of the pandemic. For example,
school closures and stay-at-home orders
have isolated many young adults from
their daily activities and social support
systems, leading to increases in suicidal
ideation and attempts.”® Young working
adults are more likely than older working
adults to have lost jobs, be underem-
ployed, and be excluded from economic
assistance programs,?' resulting in
serious physical and mental health
harms.? Whatever the mechanisms
linking the pandemic to increases in
mortality among young people, it is
clear that total pandemic-related mor-
tality in this group is substantially and
systematically underestimated in statis-
tics describing deaths from COVID-19.
In addition to differences by age group,
the proportion of excess deaths directly
attributed to COVID-19 varied substan-
tially across racial/ethnic groups, from
95% among decedents identified as
Native Hawaiian or Pacific Islander to
only 68% among decedents identified as
Black. Our findings corroborate a recent
ecological study by Stokes et al., which
found that counties with more Black resi-
dents had lower proportions of excess
deaths attributed to COVID-19,%* and a
study by Wrigley-Field et al., which found
that racial disparities in excess deaths



were greater than racial disparities in
deaths attributed to COVID-19 in Minne-
sota.>* Because the proportion of deaths
attributed to COVID-19 was lower in
many of the same racial/ethnic groups
that experienced disproportionate
increases in mortality in 2020, racial/eth-
nic disparities in pandemic-related mor-
tality are likely to be underestimated in
analyses that only consider deaths
directly attributed to COVID-19.

One explanation for the lower pro-
portion of excess deaths attributed to
COVID-19 among many racially minori-
tized groups may be inequitable access
to testing, resulting in higher rates of
undiagnosed COVID-19.2° However,
the indirect effects of the pandemic are
also likely to be greater among racially
minoritized groups because the social
and economic impacts of the pandemic
have not been uniformly distributed.
For example, as a consequence of
racial capitalism, Black and Latinx work-
ers are more likely to suffer the physical
and mental health consequences of
losing jobs, employment benefits, and
savings during the pandemic recession,
or working in sectors that place them
at higher risk of exposure to SARS-CoV-
2.2627 Asian Americans have suffered
discrimination and violence as a result
of racist narratives about the origins of
COVID-19.?8 The distributions of these
pandemic-related stressors, like the
distribution of infections, reflect the
pre-existing social context.®2%73'

Historically, marginalized communi-
ties have often been disproportionately
affected by public health emergencies,
from past pandemics to Hurricane
Katrina and the Flint water crisis. His-
tory has shown us that the effects of
such emergencies play out long after
the acute threat has passed, exacerbat-
ing pre-existing inequities.®? The finan-
cial burden of the pandemic, for

example, has fallen disproportionately
on hourly workers and small business
owners, compounding the economic
disparities that existed before the pan-
demic.® These same economically
marginalized communities are often
communities of color who, as Cooper
and Williams explained in a recent com-
mentary, “have borne the burden of
excess deaths from health disparities
for generations."23(P1491)

Accurate estimates of the full scale of
pandemic-related mortality in specific
population groups are critical to guide
the efficient and equitable allocation of
resources for the pandemic response.
For example, the prioritization and allo-
cation of resources to support safe
school reopening should be informed
by comprehensive data on how the
pandemic affects the health of adoles-
cents, including their mental health.
Attribution of excess deaths to the pan-
demic may also have tangible conse-
quences for families and communities,
allowing access to funeral assistance
and other funding allocated for disaster
relief.?* Moreover, accurate estimates
of disparities are needed to expose
unjust social structures as a first step
toward restorative justice and heal-
ing.*® Finally, our finding that the net
effect of the pandemic on mortality was
consistently underestimated in certain
groups reveals an urgent need to
improve our national surveillance sys-
tems. If these systems are not designed
with health equity in mind, they will
continue to downplay the effects of
emerging pathogens on marginalized
groups.®

Limitations
Deaths tend to follow a highly regular

seasonal pattern, and mortality data are
often more complete than diagnostic

data, making excess deaths a revealing
indicator of the population health
impacts of the pandemic. Nevertheless,
interpretation of our findings relies on
the assumptions stated in the Methods
section. For example, we assumed that
people who died of COVID-19 would
not have died absent the pandemic.
Some people who died of COVID-19 in
2020, particularly adults in the oldest
age group, may have died regardless
of the pandemic, albeit from different
causes. Also, while we modeled
expected deaths flexibly, we may have
underestimated expected deaths
because of recent demographic trends
or increases in causes of death unre-
lated to the pandemic, or overesti-
mated expected deaths because of our
linear parameterization of epidemiologi-
cal year. Finally, self-described race/eth-
nicity may be misclassified on death
certificates, and risks may be slightly
underestimated because of missing
data on race/ethnicity (0.74% of all
deaths in 2020) and overestimated
because of deaths among foreign resi-
dents (0.2%).

Public Health Implications

Accurate estimates of pandemic-related
mortality are essential in guiding an
efficient and equitable public health
response to COVID-19. The net effect of
the pandemic on mortality, and on pop-
ulation disparities in mortality, appears
to be severely underestimated when
only counting deaths directly attributed
to COVID-19. Given differences among
racial/ethnic groups in the proportion
of excess mortality directly attributed to
COVID-19, pandemic response efforts
and policies that consider only the bio-
logical effects of the pandemic are likely
to exacerbate health inequities that
existed before 2020.
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