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The 2020 US mortality totaled 2.8 million after early March, which
is 17.3% higher than age-population–weighted mortality over the
same time interval in 2017 to 2019, for a total excess death count
of 413,592. We use data on weekly death counts by cause, as well
as life tables, to quantify excess mortality and life years lost from
both COVID-19 and non–COVID-19 causes by race/ethnicity, age,
and gender/sex. Excess mortality from non–COVID-19 causes is sub-
stantial and much more heavily concentrated among males and mi-
norities, especially Black, non-Hispanic males, than COVID-19 deaths.
Thirty-four percent of the excess life years lost for males is from
non–COVID-19 causes. While minorities represent 36% of COVID-
19 deaths, they represent 70% of non–COVID-19 related excess
deaths and 58% of non–COVID-19 excess life years lost. Black,
non-Hispanic males represent only 6.9% of the population, but they
are responsible for 8.9% of COVID-19 deaths and 28% of 2020 ex-
cess deaths from non–COVID-19 causes. For this group, nearly half
of the excess life years lost in 2020 are due to non–COVID-19 causes.
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Three distinct literatures about the COVID-19 pandemic provide
the backdrop for this paper. The first documents that COVID-

19 mortality is more heavily concentrated in male and minority
populations (1–4). The second shows that the US death count in
2020 has exceeded expected deaths based on the recent historical
average (henceforth, “excess” deaths) and that the COVID-19
death count does not entirely explain the gap, meaning deaths
from non–COVID-19 causes contribute to above-average mor-
tality in 2020 (5–7). The third literature translates 2020 excess
mortality in the US to the life years lost from COVID-19 and
non–COVID-19 causes (8–11). In this paper, we merge these
three literatures by using data on vital statistics to examine the
burden of excess mortality by race/ethnicity, age, and gender/sex.
We then use life tables to translate deaths at particular ages into
life years lost. As non–COVID-19 excess death rates are high
among the young, the fraction of excess deaths that are from
COVID-19 is larger than the fraction of life years lost from the
virus alone. As non–COVID-19 excess mortality is much more
common among males, minorities, and the young, we document
that the life years lost from non–COVID-19 excess death is heavily
concentrated in minority men.

Results
The Demographics of COVID-19 Mortality and Non–COVID-19 Excess
Mortality. The ongoing COVID-19 pandemic has generated mor-
tality counts for 2020 that exceed historical averages. In the first
block of results in Table 1, we report 2,802,948 US deaths after
week 9 (the week beginning March 8, which is when the US hit 500
cases) and through week 52 in 2020. Among all-cause deaths, 74%
are for those 65 and over, with the corresponding number being
81% for COVID-19 deaths. Using average deaths from 2017 to
2019 as a baseline, we estimate 507,189 excess deaths in 2020. This
number is close to the Centers for Disease Control and Prevention
(CDC) estimate of 506,412 we get by summing estimated deaths
across all states and weeks from their data (12). The average 2017
to 2019 population count on which this estimate is based is very

close to the 2020 population for those under 65, but it understates
the 2020 population for those 65 and over by 3.4 million. As
pointed out by others (13), this demographic shift makes average
deaths from 2017 to 2019 a poor measure of expected 2020 deaths;
in particular, it is too small.
In the last three rows of Table 1, we predict 2020 deaths after

week 9 by calculating the 2017 to 2019 average weekly death rate
(i.e., weekly deaths/population at the start of the year) for 16 age
groups (namely, 0 to 14, 85+, and every 5-y bin in between), then
multiplying this rate by the age-specific population at the start of
2020. We predict 2,389,356 age-adjusted 2020 deaths, meaning
there were 413,592 excess deaths after week 9 in 2020. As expected,
age-adjusting 2017 to 2019 deaths reduces the number of excess
deaths in the 65+ population by nearly 24% but has almost no
impact on the under-65 population. Failing to age-adjust overstates
the excess deaths by 91,721 in the 65+ age group. This magnitude
makes sense. By failing to age-adjust, one understates the 65+
population by 3.4 million, and in the pooled period, there were
roughly 32,700 deaths per million in this age group.
The last row of Table 1 shows that total excess deaths in 2020

are driven primarily by the severe acute respiratory virus coro-
navirus 2, but this is only part of the story. COVID-19 deaths in
2020 totaled 69,681 in the under-65 population and 293,198 in
the 65+ population. For the latter group, this figure matches the
age-population–weighted excess death prediction almost exactly.
However, for the under-65 population, COVID-19 deaths represent
less than 60% of predicted excess deaths, meaning these
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non–COVID-19 deaths represent an 8% increase in total mortality
over the 2017 to 19 weighted average.
COVID-19 mortality rates are strongly correlated with age,

race/ethnicity, and gender/sex. In Fig. 1A, we report COVID-19
mortality rates per 100,000 individuals after week 9 of 2020 for
combinations of gender/sex, four age groups (0 to 44, 45 to 64, 65
to 74, and 75+), and three race/ethnicity groups (White, non-
Hispanic; Black, non-Hispanic; and Hispanic). Although more
age-group breakdowns are possible, these groups are sufficient
for this purpose. We only report these three race/ethnic groups,
which represent 93% of the population and 94% of COVID-19
deaths to date, because we will eventually merge in life-table
data, and these three groups are the ones for which data are
reported by the National Center for Health Statistics (NCHS).
A full accounting of the non–COVID-19 excess mortality is

currently not possible, but a variety of data sources suggest that
the causes are varied. Although overall crime rates have fallen
during the pandemic (14), murder rates have increased dramati-
cally in many areas (15), reaching historical levels in some cities
(16). There is evidence that deaths of despair (17, 18) (e.g., drug
deaths, alcohol-related mortality, and suicides) have increased
(19–22), but the latest evidence suggests suicides fell in 2020 (23).
Early in the pandemic, health care use for non–COVID-19 rea-
sons plummeted, possibly delaying necessary medical care and
raising mortality (24, 25). Outpatient visits remained below his-
toric levels in aggregate through late June and for some demo-
graphic groups (e.g., kids) and specialties (e.g., pulmonology and
otolaryngology) through at least October (26, 27). Deaths among
Alzheimer’s patients without a COVID-19 diagnosis have increased
dramatically (28–30). Relatedly, although COVID-19mortality among
nursing home residents has been particularly high, there is also evi-
dence of substantial non–COVID-19 excess mortality in nursing
homes (31). Researchers have attributed these non–COVID-19
deaths to both difficulty in obtaining needed medical care due to
extreme staff shortages as well as social isolation generated by efforts
to stave off the spread of the virus within congregate settings (32–34).
Finally, worse than usual hospital conditions (e.g., lacking supplies
and staff, crowded emergency and intensive care units, etc.) have
been reported in high-infection areas and likely contribute to excess
mortality (35, 36). In the rest of the paper, we will refer to excess
mortality as coming from COVID-19 and non–COVID-19 causes.
Three clear patterns, which others have documented, can be

observed in Fig. 1A. Within each dyad, the COVID-19 mortality

rate is always highest for males, highest for minorities, and sharply
increasing in age. All else being equal, the age gradient is the most
pronounced; the oldest group has a mortality rate that is nearly
200 times the youngest group. Holding age constant, minority
males are particularly vulnerable, with a death rate 22% higher
than White males. Across all races/ethnicities and ages, the male
death rate exceeds that of females; the ratio ranges from a low of
1.25 for White, non-Hispanics aged 75+ to a high of 2.48 for
Hispanics 0 to 44.
In Fig. 1B, we report the death rate for non–COVID-19 excess

mortality across combinations of the same demographics. The
expected mortality is calculated using 2017 to 2019 deaths by
age/race/ethnicity/gender cell and age-adjusting to the 2020 pop-
ulation. A number of interesting patterns emerge. First, unlike
COVID-19 death rates, there is not a consistent age gradient in
non–COVID-19 excess mortality; rates are increasing in age for
minority women and Hispanic men, but no other groups. Second,
non–COVID-19 excess death rates are relatively low among non-
Hispanic White individuals and Hispanic women, with a few ex-
ceptions. Hispanic females over the age of 75, who comprise just
0.4% of the US population, have the second highest non–COVID-
19 excess death rate. Non-Hispanic White males under the age of

Table 1. All-cause, COVID-19, and excess mortality through
week 52 of 2020 using different methodologies

Category Aged 0–64 Ages 65+ Total

Data for 2020
Population 274,066,262 55,068,822 329,135,084
All deaths after week 9, 2020 727,885 2,075,063 2,802,948
COVID-19 deaths, 2020 69,681 293,198 362,879

Data for 2017/2019
Average population 274,182,057 51,665,742 325,847,799

Excess death calculations using averages of 2017–2019 as baseline
Predicted deaths after week 9 607,493 1,688,265 2,295,758
Excess deaths after week 9 120,391 386,798 507,189
% excess deaths from COVID-19 57.9% 75.8% 71.6%

Excess death calculations using reweighting averages of 2017–19
deaths with 2020 population
Predicted deaths after week 9 609,370 1,779,986 2,389,356
Excess deaths after week 9 118,515 295,077 413,592
% excess deaths from COVID-19 58.8% 99.4% 87.7%

A

B

Fig. 1. Death rates (deaths/100,000) from COVID-19 (A) and excess deaths
from non–COVID-19 causes (B) by age, gender/sex, and race/ethnicity
through week 46 of 2020. Rates are age standardized within each age,
gender/sex, and race/ethnicity group, that is, we weight the NCHS death rate
for each 5-y age bin within the larger age interval by the size of the relevant
population.
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65, who comprise a more substantial 26% of the US population,
have a non–COVID-19 excess death rate that is similar to the
COVID-19 death rate for this group (14.7 versus 18.2). Third, among
individuals 45 to 75, the Black, non-Hispanic non–COVID-19 ex-
cess death rate greatly exceeds that of other races/ethnicities. For
this age group, the Black/White ratio of non–COVID-19 excess
death rates is 4.7 for males and 8.5 for females; the Black/Hispanic
ratio is 2.8 for males and 3.4 for females. Finally, non-Hispanic,
White males and females over the age of 75 have substantial neg-
ative excess mortality from non–COVID-19 causes (i.e., 2017 to
2019 mortality exceeds 2020 non–COVID-19 mortality).
The age groups in Fig. 1 A and B vary considerably in size.

Moving from the youngest to oldest group, the populations of
the four age groups are 176.6, 77.7, 30.4, and 21.8 million. The
disparities in the mortality rates by age and population mean two
things. First, COVID-19 death counts are somewhat more even
across age groups, as the younger groups are both larger in size
and have lower rates. Second, compared to COVID-19 mortality
rates, which are highest in older and less populous age groups,
non–COVID-19 excess mortality rates are relatively high in
younger, more populous age groups. This difference in COVID-19
and non–COVID-19 excess mortality rates across the age distri-
bution means that although COVID-19 represents almost 90% of
excess deaths, the virus accounts for a much smaller fraction of
excess life years lost.

The Life Years Lost from COVID-19 and Non–COVID-19 Excess Mortality.
Using lifetables defined by race/ethnicity, age, and gender/sex,
we calculate the life years lost from COVID-19 deaths and
non–COVID-19 excess mortality. We first aggregate counts across
age groups in each distinct gender/sex and race/ethnicity dyad. We
then aggregate counts across race/ethnicity for males and females,
across gender/sex for non-Hispanic White individuals and minor-
ities, and finally for everyone—i.e., aggregate counts only include
the three race/ethnicity groups we consider. We present these
results in Table 2.
The left-hand portion of Table 2 focuses on death counts by

cause. The final six rows report statistics for each unique gender/
sex and race/ethnicity dyad. For White women, COVID-19 deaths
represent 96.6% of excess mortality. At the other end of the
spectrum, the COVID-19 virus is only responsible for 67.3% of
excess mortality for Black males. Once we aggregate across gen-
der/sex, we see a stark difference in outcomes for non-Hispanic
White individuals and minorities. Ninety-three percent of excess
deaths are due to COVID-19 for White individuals but just 77%
for minorities.
In the right-hand portion of Table 2, we report life years lost in

millions of years by subgroup. The more than 395,000 excess
deaths in 2020 generate just over 6 million life years lost, but only
71.6% of this loss is directly attributable to the virus. These
numbers vary considerable by gender/sex and race/ethnicity.
COVID-19 is directly responsible for roughly 86% of the life
years lost among White females, 72% among Hispanic males,
and just 51% among Black males. Compared to females, the
relative burden of non–COVID-19 excess mortality on males is
greater when measured in life years lost (65.8 versus 81%) than
when measured using excess death counts (83.9 versus 90.3%),
indicating that non–COVID-19 excess mortality for males occurs
at younger ages than for females. A similar pattern can be ob-
served for non-Hispanic White individuals compared to the other
races/ethnicities—that is, non–COVID-19 excess mortality strikes
White individuals at younger ages, leading to a greater number of
life years lost per death.
The numbers in Table 2 indicate the high burden of both

COVID-19 and non–COVID-19 excess mortality on minorities
and especially Black, non-Hispanic males. For the population we
consider, minorities comprise 34% of the sample but represent 36%
of COVID-19 deaths, 70% of non–COVID-19 excess mortality,

50% of life years lost due to excess mortality, and 58% of life years
lost from non–COVID-19 excess deaths. These disparities are
even greater for non-Hispanic, Black males; they comprise just
under 7% of the population but represent 11.5% of all excess
deaths, 28% of non–COVID-19 excess deaths, and 24.5% of life
years lost due to non–COVID-19 excess deaths. For this group,
nearly half of the excess life years lost in 2020 was due to
non–COVID-19 causes.

Discussion
Roughly 13% of the excess mortality observed in 2020 is due to
non–COVID-19 causes. Although the current data do not allow
a complete accounting of what is causing these deaths, circum-
stantial evidence suggests that many non–COVID-19 deaths are
driven by the shutdown of the economy and efforts to increase
social distancing to combat the virus. The high rates of deaths of
despair, murders, and uninfected Alzheimer’s patients, plus the
massive decline in health care use throughout the pandemic,
indicate that the economic dislocation associated with efforts to
quell the spread of the disease may have had some negative
health costs.
Non–COVID-19 excess deaths are particularly common among

middle-aged minority men, for whom economic dislocation has
been common in 2020. Using data from the Current Population
Survey, we calculate that in the 12 mo preceding March 2020, the
unemployment gap between Black, non-Hispanic men and White,
non-Hispanic men was 3.8 percentage points (SI Appendix, Fig. S2).
By July of 2020, this gap had increased to 7.5 percentage points,
and this gap was still 5.4 percentage points by November 2020. The
numbers are similar for Hispanic men in that they had a 1 per-
centage point higher unemployment rate than White, non-Hispanic
men in the 12 mo from March 2019 through February 2020. This
gap balloons to 6.3 percentage points in May of 2020 and stands
at 3 percentage points in November of 2020. These figures in no
way prove that economic dislocation is in fact the cause of
non–COVID-19 excess mortality. They do, however, suggest that
although the virus itself has been particularly devastating for
minorities, the concentration of excess death from non–COVID-
19 causes is placing an even greater burden on minorities, espe-
cially Black, non-Hispanic males. For this latter group, a nearly
equivalent number of life years have been lost from non–COVID-
19 excess deaths as COVID-19 deaths. Health policy makers need
a much better understanding of what is driving excess mortality
from non–COVID-19 causes, as the effects are widening already
cavernous differences.

Limitations. Our key finding is that minorities in the US have
shouldered a disproportionate share of the 2020 non–COVID-19
excess deaths. An important concern is the source of these deaths
and, in particular, whether this finding can be explained by the fact
that some COVID-19 deaths are not measured. While uncounted
COVID-19 deaths certainly contribute to the non–COVID-19
total, we find mismeasurement to be an unlikely explanation for
the racial/ethnic disparity. There are several reasons for this.
First, COVID-19 deaths that occur outside of a medical fa-

cility are much more likely to be miscoded; however, in 2019,
non-Hispanic Black individuals over the age of 65 were no more
likely to die at home than non-Hispanic White individuals (30.2
versus 30.7%), while Hispanics were only slightly more likely to
die at home (35.2%) (37) (SI Appendix, Fig. S3).
Second, there are several reasons to believe that COVID-19

deaths were more likely to be undercounted at the start of the
pandemic; for example, it was roughly mid-April before the US
consistently exceeded 150,000 daily tests (38), and it became
widely known that COVID-19 could cause deadly blood clotting
in some instances (39). A total of 71% of non–COVID-19 excess
deaths occur after week 18 (the week ending May 2). For mi-
norities, this number is 70%. Moreover, minorities account for
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69% of all non–COVID-19 excess deaths after week 18. Were
minorities disproportionately affected by mismeasurement, we
would expect their deaths to account for a smaller share of the
late-year non–COVID-19 excess death total.
Third, there could be systematic/strategic reasons COVID-19

is mismeasured, which could differentially impact those of dif-
ferent races, ethnicities, or ages. For example, there is a financial
incentive to identify whether a Medicare patient is COVID-19
positive, as the Centers for Medicare and Medicaid increased
inpatient reimbursement rates by 20% for this group (40). If this
differential incentive affects COVID-19 testing and/or coding,
we would expect to see a spike in deaths from COVID-19 at age
65, when most people become eligible for Medicare. This can
easily be tested with a regression discontinuity model (RDD)
model. In Fig. 2, we report the natural log of COVID-19 death
rates (deaths per 100,000) for all single years of age from 45 to 84
(black dots). We estimate a standard RDD model with linear
trends in age and test whether there is a spike in death rates at age
65. These lines essentially show a Gompertz equation in ln(death
rates) that is linear in age, with no discernable spike in deaths at
age 65. This suggests that in this case, in which there is serious
financial incentive to identify COVID-19 deaths, it is not occur-
ring. Ideally, we would like to estimate similar models for different
race/ethnic groups, but those data are currently not available.
In addition to the above evidence, Fig. 1 makes it clear that

while COVID-19 has been incredibly deadly for the elderly, the
non–COVID-19 excess death burden has fallen on younger indi-
viduals. Were mismeasurement the primary cause of non–COVID-
19 excess death, we might expect these age distributions to look
more similar. Moreover, excess deaths among the young and
among minorities fit the current narrative regarding an increase in
mortality related to unintentional injuries (including drug poisonings)
(41) and homicides (15). There is little doubt that some of the excess
death we label “non–COVID-19” are truly mismeasured COVID-19
deaths; however, the evidence above suggests that measurement
error represents a small share of these excess deaths and, more
importantly, does not explain the large racial/ethnic disparity in
non–COVID-19 excess death rates.

Methods
We use data from the NCHS that report weekly counts of COVID-19 and total
deaths by week, gender/sex, age, race and ethnicity for the years 2015 to
2020 (42). We pulled data from the NCHS web page on April 1, 2021, which
includes data reported by all states through week 52, which ended De-
cember 26, 2020. The final 5 d of 2020 are reported in week 1 of 2021. In
these data, the NCHS reports death counts in age bins of 0 to 14, 5-y groups
from 15 to 19 through 80 to 84, then 85 and above. We used population by
gender/sex, age, race, and ethnicity as of January for 2017 to 2020 from the
Census (43).

To calculate excess mortality in Table 2, we compare 2020 weekly deaths
to the average weekly deaths from 2017 to 2019, age-adjusted by cell to the
2020 population. Although deaths by week are available back to 2015, we
use data from the final three years as the baseline because the weekly death
average in these years generated the highest correlation coefficient with
weekly data from the first eight weeks of 2020 (the week ending February
22), when there were few COVID-19 deaths. In SI Appendix, Table S1, we
recalculate excess death counts for the over and under 65 population using

Table 2. Excess death and life year lost by gender/sex and race/ethnicity through week 52 of 2020

Excess deaths Life years lost from excess mortality (in millions)

Group
Percentage of
population All

Excess
deaths

From
COVID-

19
Not COVID-
19–related

Percentage excess
deaths from COVID-19 All

From
COVID-

19
Not COVID-
19–related

Percentage life years
lost from COVID-19

All 100.0% 3,194,767 395,005 342,656 52,349 86.7% 6.03 4.32 1.71 71.6%

Females 50.7% 1,525,906 174,368 157,450 16,918 90.3% 2.31 1.87 0.44 81.0%
Males 49.3% 1,668,861 220,637 185,206 35,431 83.9% 3.71 2.44 1.27 65.8%

White 65.9% 2,451,950 234,111 218,558 15,553 93.4% 2.93 2.22 0.71 75.8%
Black/Hispanic 34.1% 742,817 160,894 124,098 36,796 77.1% 3.09 2.09 1.00 67.7%

Non-Hispanic
White
females

33.4% 1,189,712 108,807 105,064 3,743 96.6% 1.19 1.02 0.17 85.9%

Non-Hispanic
White males

32.5% 1,262,238 125,304 113,494 11,810 90.6% 1.75 1.20 0.54 68.9%

Non-Hispanic
Black
females

7.5% 207,476 36,658 27,602 9,056 75.3% 0.61 0.41 0.19 68.1%

Non-Hispanic
Black males

6.9% 233,008 45,449 30,583 14,866 67.3% 0.87 0.45 0.42 51.2%

Hispanic
females

9.8% 128,718 28,903 24,784 4,119 85.7% 0.52 0.44 0.08 84.7%

Hispanic males 10.0% 173,615 49,884 41,129 8,755 82.4% 1.10 0.79 0.30 72.4%

Fig. 2. Regression discontinuity design estimates of Ln(COVID-19 deaths/
100,000) by age, through the end of 2020.
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several alternative sets of prepandemic years. The difference between the
highest and lowest excess death predictions across these different methods
is only 6%.

Both COVID-19 and non–COVID-19 death rates in Fig. 1 are age-standardized
within each age, gender/sex, and race/ethnicity group. In other words, we
weight the NCHS death rate for each 5-y age bin within the larger age interval
by the size of the relevant population. This addresses any concern that dif-
ferences in death rates are explained by certain cohorts being younger or
older on average than cohorts falling in the same age interval that are of a
different gender/sex or race/ethnicity. Fig. 1 looks virtually identical without
this adjustment.

We merge our main data file to NCHS life tables (44) to estimate the life
years lost for different deaths. In SI Appendix, Fig. S1, we show that the dis-
tribution of COVID-19 deaths across different ages looks similar to the distri-
bution of total deaths across different ages in 2019. Thus, for each age bin, we
calculate the weighted average of life years lost across all ages within the bin,
using age-specific 2019 death rates as the weights. Death counts for 2019 are
taken from the CDCWonder web page for the underlying cause of death (45).

Basic results in Table 2 are virtually unchanged whether we use this method,
the life years lost estimate for the middle age (e.g., we use life tables for 17 y
olds for those aged 15 to 19, 7 y olds in the 0 to 14 age group, and for 91 y olds
in the 85+ group), or the unweighted average life years left across the ages in
in bin (for a comparison, SI Appendix, Table S2). The life tables report age-
specific estimates for the entire population, for males and females, and by
gender/sex for White non-Hispanics, Black non-Hispanics, and Hispanics. Be-
cause these life-table estimates are not available for other racial groups, when
we disaggregate results by race/ethnicity, we only use these three groups.

Data Availability. The .csv data have been deposited in GitHub (https://github.
com/christophercronin/PNAS2021) (46). All other data are included in the
manuscript and/or supporting information.
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