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The economic and mortality impacts of the COVID-19 pandemic
have been widely discussed, but there is limited evidence on their
relationship across demographic and geographic groups. We use
publicly available monthly data from January 2011 through April
2020 on all-cause death counts from the Centers for Disease Con-
trol and Prevention and employment from the Current Population
Survey to estimate excess all-cause mortality and employment dis-
placement in April 2020 in the United States. We report results
nationally and separately by state and by age group. Nationally,
excess all-cause mortality was 2.4 per 10,000 individuals (about
30% higher than reported COVID deaths in April) and employment
displacement was 9.9 per 100 individuals. Across age groups 25 y
and older, excess mortality was negatively correlated with eco-
nomic damage; excess mortality was largest among the oldest (in-
dividuals 85 y and over: 39.0 per 10,000), while employment
displacement was largest among the youngest (individuals 25 to
44 y: 11.6 per 100 individuals). Across states, employment displace-
ment was positively correlatedwith excess mortality (correlation=
0.29). However, mortality was highly concentrated geographically,
with the top two states (New York and New Jersey) each experi-
encing over 10 excess deaths per 10,000 and accounting for about
half of national excess mortality. By contrast, employment dis-
placement was more geographically spread, with the states with
the largest point estimates (Nevada and Michigan) each experienc-
ing over 16 percentage points employment displacement but ac-
counting for only 7% of the national displacement. These results
suggest that policy responses may differentially affect generations
and geographies.
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The economic and mortality impacts of the COVID-19 pan-
demic have been widely discussed, yet most studies to date

have examined these effects separately from each other (1–10),
with little systematic evidence on their relationship across dif-
ferent groups. As the public discussion of the impact of the
pandemic on lives and livelihoods evolves, it is important to
understand how the groups most affected by the pandemic’s
economic impacts compare to those most affected by its health
impacts. Focusing on the initial impact of the pandemic in April
2020, we therefore estimate the pandemic’s economic damage
and its mortality impact and compare results by state and by
age group.
We measure economic damages and mortality impacts relative

to what we predict would have happened in April 2020 in the
absence of the pandemic. We define economic damages as de-
creases in the employment-to-population ratio, which measures
the fraction of people in a well-defined group currently working
full time or part time. We focus on all-cause mortality rather
than COVID-19 deaths for our measure of the pandemic’s im-
pact on health. All-cause mortality has two important advantages
relative to COVID-specific death counts. First, it is not con-
taminated by measurement error in the choice of what to label a

“COVID” death as opposed to a non-COVID death; this would
be particularly problematic if measurement error varies across
groups. Second, all-cause mortality captures both direct and in-
direct mortality effects from the pandemic. Indirect effects could
be negative [such as increases in mortality attributable to re-
duced utilization of routine and emergency healthcare services
(11–13)], positive [such as declines in mortality due to reduction
of motor vehicle use (14, 15)], or a priori ambiguous [such as the
ongoing debate over the mortality effects of an economic
downturn (16–19)].
We use the same approach to compute excess all-cause mortality

and to compute excess declines in the employment-to-population
ratio nationally—and separately for each US state and age
group—in April 2020: We compare the observed outcome to the
outcome predicted based on monthly historical data from 2011 to
2019 (Materials and Methods). Across age groups 25 y and older,
excess mortality was negatively correlated with economic damage,
with the mortality impacts concentrated among the elderly—
particularly the oldest old—and the economic impacts concentrated
among younger workers. Across states, employment displacement
was positively correlated with excess mortality, but economic dam-
ages were much more widespread. These findings suggest that
policies aimed at preserving health or reducing economic damage
may involve important trade-offs across groups.

Significance

A full picture of the COVID-19 pandemic requires information
on how its impact on lives and on livelihoods relates across
different groups. We therefore estimate excess all-cause mor-
tality and employment displacement in April 2020 nationally
and separately by state and by age group. Initial economic
damages from the pandemic are more widespread across
groups than deaths, which were primarily concentrated in a
few states and among the oldest old. While the two states
with the largest mortality increase account for about half of
national excess mortality, the two most economically affected
states account for only 7% of national economic damages.
These findings suggest that policy responses to contain the
pandemic involve trade-offs across different demographic and
geographic groups.
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Results
Nationally. There was a sharp rise in national all-cause mortality
in April 2020 relative to predicted mortality (Fig. 1A). Historical
trends predict 7.3 all-cause deaths per 10,000, while we observed
9.7 per 10,000. This corresponds to 2.4 excess deaths per 10,000
(about a 33% increase in all-cause national mortality). The gap
between observed and predicted mortality was not present in
January or February 2020 but is already visible—at a much smaller
magnitude—in March 2020 (Fig. 1B). Reported COVID-19
deaths make up ∼75% of the estimated all-cause excess mortality
(SI Appendix, section 2.3). We also looked at excess mortality
separately for specific causes of death, finding substantial excess
mortality from heart disease and substantially lower mortality due
to unnatural causes (accidents, homicides, and suicides) and to
cancer (SI Appendix, section 7.2).
Analogously, there was a sharp decline in the employment-

to-population ratio in April 2020—our measure of economic
damages—relative to the prediction (Fig. 1C). Historical trends
predict that 61.3% of 16+-y-olds would have been working in April
2020. By contrast, the observed employment-to-population ratio in
April 2020 is 51.5%. This corresponds to a national excess decline in
the employment-to-population ratio of 9.9 per 100 individuals. As
with mortality, the effect is concentrated in April, with some gap

opening in March and substantially smaller differences between
predicted and observed employment-to-population ratio in January
and February 2020 (Fig. 1D).

By Geography. The increase in all-cause mortality and the decline
in employment-to-population ratio was markedly unequal across
different geographic locations. New York and New Jersey were
stark outliers in excess all-cause mortality, experiencing more than
10 excess deaths per 10,000 individuals, compared to the median
excess all-cause mortality across states of 0.64 excess deaths per
10,000 (Fig. 2 A and B). In relative terms, the increase in all-cause
mortality was 207% in New York and 179% in New Jersey. The
health damages were highly geographically concentrated—with
New York and New Jersey together accounting for 49% of the
national change in all-cause mortality in April.
The situation looks remarkably different for economic dam-

ages. While there is substantial geographic heterogeneity in the
economic impacts of COVID, the distribution of economic
damage is far more widespread than the excess mortality im-
pacts. The point estimates indicate that every single state expe-
rienced economic damage; this damage is statistically significant
at the 5% level for all states except Wyoming. The median em-
ployment displacement across states was 7.8 percentage points.
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Fig. 1. Time series of mortality and economic outcomes. These figures show time series for the monthly mortality rate per 10,000 (A and B) and
employment–population ratio (C and D). A and C show the time series of the indicated variable in April of each year. B and D compare predicted outcomes to the
point estimates for observed outcomes for each variable in 2020; predictions for each variable are calculated using a linear time trend with month fixed effects
during the preperiod 2011 to 2019. Mortality data use CDC weighted death count. Mortality data include individuals of any age while economic data include
individuals 16 y and older. Heteroskedasticity-robust SEs for calculating confidence intervals within each month are computed with clustering by year.
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The states with the largest point estimates—Nevada and
Michigan—each experienced employment displacement of over
16 percentage points, or approximately a 30% decrease in em-
ployment.* However, they accounted for only 7% of the national
employment displacement (SI Appendix, section 5 provides more
detail on these and alternative calculations).
Fig. 3 plots excess mortality against economic damage by state,

with the line of best fit superimposed. Early health and economic
consequences of the pandemic are positively correlated across
states, although the relationship is far from perfect: The line of
best fit has a slope of 0.22 and is significant at the 5% level (P =
0.017). Some states that experienced large economic damages
early on in the pandemic—such as Nevada and Hawaii—did not
experience a substantial increase in mortality. Other locations—
such as Washington, DC and Virginia—experienced above-
median excess mortality but below-median economic damage.

Industry composition appears to be an important factor in either
mitigating or exacerbating the economic effects of the pandemic,
as larger economic damages are observed in states with higher
exposure to tourism, entertainment, and food industries (SI Ap-
pendix, section 6).

By Age. The increase in all-cause mortality and the decline in
employment-to-population ratio affected markedly different age
groups (Fig. 4). Once again, excess mortality is more concen-
trated while economic damages are more widespread. Excess
mortality is monotonically increasing in age. Among age groups
for which we observe both economic and mortality outcomes, the
youngest age group (25 to 44 y) experienced excess all-cause
mortality of 0.3 per 10,000 (a 22% increase), while the oldest
age group (85+ y) experienced excess mortality of 39.0 per
10,000 (a 35% increase). This age group (85+ y) accounted for
3% of the population (out of those 25+ y) but 34% of the
excess deaths.
The pattern is the opposite for employment displacement,

with economic damages falling monotonically in age, which is not
surprising given the low rates of employment at older ages.

A C

B D

Fig. 2. Geographic heterogeneity in outcomes by state: April 2020. These figures show deviations from expected (A and C) mortality and (B and D)
employment–population ratios within each state in April 2020. For dot plots in C and D, states are ordered in descending order of their excess mortality.
Dotted lines show the median of each outcome across states in April 2020. CPS data include all individuals 16 y and older and CDC data include all individuals
of any age. Mortality data use CDC weighted death count estimates. Predicted values are calculated using a linear time trend with month fixed effects with
preperiod 2011 to 2019. Annual population counts to calculate mortality come from the Census Bureau in each state from 2011 to 2019. Heteroskedasticity-
robust SEs to construct 95% confidence intervals are computed with clustering by year.

*Employment displacement in Michigan is not statistically significantly larger than Mas-
sachusetts, the next-largest state in terms of the employment displacement point esti-
mates. We choose to focus on the two states with the large point estimates for
consistency with the excess mortality outcome.
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Younger adults (25 to 44 y) experienced employment displace-
ment of 11.6 percentage points, compared to 1.8 percentage
points for the oldest age group (85+ y); 25- to 44-y-olds make up
39% of the population that is 25 y and older and account for
51% of the national displaced employment among all individuals
25 y and older. SI Appendix, section 4 presents additional
analyses by age group.

Discussion
In this paper, we present a comparison of the initial economic
and mortality consequences of the coronavirus pandemic across
states and ages in the United States. All-cause excess mortality
and displacement in the employment-to-population ratio are

negatively correlated across age groups and positively correlated
across states. Excess mortality is substantially more concen-
trated, affecting mostly only a few states and the oldest indi-
viduals, while the economic damages are more widespread.
Our finding of a significant positive relationship between ex-

cess all-cause mortality and economic damages across states is
consistent with Chetty et al. (20), who show that counties with
higher COVID case rates experienced larger declines in con-
sumer spending in the first 2 wk of April 2020. They contrast with
Rojas et al. (21), who find no relationship between increases in
unemployment insurance claims and COVID case rates in
March 2020, when the impact of the pandemic on both mortality
and the economy was still nascent. Our findings of differences in
mortality across age groups are consistent with estimates of
COVID deaths by age in the United States (1, 22), in Italy (23),
and in South Korea (24), which find that COVID deaths were
concentrated among the elderly. Our findings of excess all-cause
mortality nationally and across states are consistent with Woolf
et al. (3) and Weinberger et al. (4); our findings of differences in
economic outcomes by age are consistent with Bui et al. (25).
Our findings underscore the importance of examining all-

cause mortality rather than just mortality labeled as a “COVID
death.” COVID deaths account for only 75% of excess all-cause
mortality nationally; these results are similar in magnitude to
previous comparisons of national excess all-cause mortality and
COVID deaths in March and April 2020 (3, 4). Also, while es-
timates of excess all-cause mortality by state are positively cor-
related with reported COVID deaths by state, the difference
between the excess all-cause death rate and the COVID death
rate is particularly large in states such as New York and New
Jersey with the highest official COVID death rates (SI Appendix,
section 2.3).
Some of the differences between excess all-cause mortality and

COVID mortality may reflect choices in what is labeled a
“COVID death,” which may include both overcounting and
undercounting. However, the differences may also reflect more
than just measurement: Our emphasis on all-cause mortality also
highlights that the relationship between economic consequences
and excess mortality may include both direct and indirect effects
of the COVID pandemic. For example, the national increases in
deaths due to heart disease may reflect the results of care fore-
gone during the pandemic; this is consistent with evidence that
individuals may be foregoing care for their ongoing chronic
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Fig. 3. Excess mortality and economic damage comparison by state. This
figure compares excess mortality and the economic impacts of COVID-19 in
April 2020; each point is one state. Economic measures are calculated using
the IPUMS CPS microdata and mortality measures are calculated using ag-
gregate CDC data. Excess amounts are calculated by comparing observed
values in April 2020 to predicted values. Predicted values are calculated using
a linear time trend with month fixed effects; the preperiod is 2011 to 2019.
The solid line shows the line of best fit from an unweighted regression.
Dashed lines show the median value of excess mortality and the excess
decline in employment–population ratio.
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Fig. 4. Predicted vs. observed outcomes by age group. These figures compare predicted and observed (A) mortality per 10,000 and (B) employment–
population ratio, both in April 2020, for the age groups for which the CDC publishes recent weekly death counts, using point estimates for observed out-
comes. The employment–population ratio is calculated using the IPUMS CPS microdata and mortality measures are calculated using aggregate CDC data by
age group. Predicted values for each outcome are calculated using a linear time trend with month fixed effects; the preperiod is from 2011 to 2019.
Heteroskedasticity-robust SEs to construct 95% confidence intervals are computed with clustering by year.
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conditions or delaying care even for acute episodes of myocardial
infarction or strokes (11, 26). The national decline in unnatural
deaths may reflect decreased traffic fatalities due to reduced
travel (14), and the decline in cancer deaths are potentially due
to “harvesting” effects in which individuals who are already very
ill may be more susceptible to dying from COVID.
A broader, non-COVID-specific literature has investigated the

impact of changes in economic activity patterns on mortality
(16–19), highlighting a variety of potential channels leading to
mortality effects of varying sign. It is possible that the pandemic-
induced economic recession (27) may have direct mortality im-
pacts. For example, consistent with Ruhm (16), we find that
states with higher economic damage are more likely to have
reduced mortality from unnatural causes (like traffic fatalities),
although the relationship is not statistically significant (SI Ap-
pendix, Fig. S8). Further work on the impact of the economic
changes on mortality is needed.
We note several important limitations to our results. First,

they reflect the situation during a specific historical moment of
the initial stage of the COVID pandemic. As the pandemic
progresses it is likely that the disease’s burden will be felt in
different geographic areas, and the relationship between the
economic burden and mortality burden may shift as consumer
behaviors and employment conditions adapt. Second, while
mortality is obviously an important health outcome, it is not the
only one, and the pandemic may have other important impacts
on morbidity that we do not capture. Third, because our analyses
rely exclusively on data that are currently publicly available, we
can only analyze impacts for a limited set of groups. Perhaps
most importantly, we are unable to examine impacts by race; this
is a very important area for further work, as existing evidence
suggests that COVID deaths are disproportionately concen-
trated among African-Americans and Hispanics (28–30).
Nevertheless, our results highlight that health crises concen-

trated in one part of the country and one age group may have
substantial economic spillovers that are felt throughout the rest
of the country and on other age groups. In the case of age
groups, the variation in the incidence of the crises on lives and
livelihood may reflect natural differences in health and rates of
economic activity by age. In the case of geographic variation,
another mechanism may be at play—if successful at preventing
the spread of the pandemic, preemptive reduction in economic
activity in states not yet experiencing the health effects may also
explain the combination of concentrated deaths and dispersed
economic damages that we observe in the data. Overall, our
results raise the possibility that the combination of concentrated
health effects and diffuse economic damage may create chal-
lenges for state-level public health mitigation measures.

Materials and Methods
Mortality Data and Variable Construction. All data are publicly available.
National population estimates by month (2011 to 2020) come from the US
Census Bureau Table NA-EST2019-01; these 2019 vintage population esti-
mates are the latest publicly available population estimates that incorporate
the latest administrative record data and methodology (31). State pop-
ulation estimates by year (2011 to 2019) come from the US Census Bureau
Table NST-EST2019-01. We use a linear extrapolation within each state to
separately estimate each state’s population in 2020. Specifically, we sepa-
rately for each state estimate the following regression, where Pt is pop-
ulation in year t: Pt = α0 + α1t + et for years t ∈ {2011, . . . , 2019}. A state’s

population in 2020 is then defined as P̂2020 = α̂0 + α̂1*2020. Population esti-

mates by age and year (2011 to 2019) come from the US Census Bureau
Table NC-EST2019-AGESEX-RES; for each year, these estimates are then ag-
gregated into our age groups. Within each age group, we estimate its 2020
population using the same linear extrapolation procedure that we used to
estimate 2020 state populations.

We use weekly data on all-cause deaths by state between 2019 to 2020
from the Centers for Disease Control and Prevention’s (CDC’s) National
Center for Health Statistics (NCHS) accessed on 1 July 2020, using the CDC’s

weighted death count estimate, which adjusts for potential underreporting
based on the degree of underreporting from each state during previous
years. Comparing the CDC’s weighted and unweighted death counts for
April 2020 suggests that ∼97.5% of weighted death counts are made up of
reported deaths as of 1 July 2020; all states were estimated to have at least
90% of deaths reported except for North Dakota and Connecticut. See SI
Appendix, section 2.2 for more details. All-cause death counts for each age
group between 2019 and 2020 come from national weekly totals in the
NCHS’s 1 July 2020 “Weekly counts of deaths by jurisdiction and age group”
file and again use the CDC’s adjustment for historical underreporting. We
use the finest age groupings that are available from the CDC for all-cause
death counts for all years of our data. We omit the youngest age group (0 to
24 y), as the employment-to-population ratio is not defined for individuals
younger than 16 y old in the CPS survey (employment questions are only
administered to individuals who are 16 y and older). For 2019 and 2020, we
construct monthly death counts for each state and age group by aggre-
gating weekly death counts, assuming the one-seventh of deaths in a week
take place during each day of the week. For all-cause death counts by state
and age group from 2011 to 2018, we use death counts from the CDC
Wonder Database based on death certificates that include information
about state of residence and age (32). We calculate national death counts in
all months as the sum of death counts in the 50 states and Washington, DC.

The health outcome that we consider is all-cause mortality per 10,000
people; we construct this for each state as the number of deaths in a state
divided by the estimated population in the state, times 10,000. For state-
level and age group-level estimates, we use the estimated annual pop-
ulation as the group’s population for each month within the year. In SI
Appendix, section 2.1 we show that our estimates of excess all-cause mor-
tality at the state level closely line up with CDC’s estimates.

For the comparison of all-cause excess deaths with COVID-attributed
deaths, we use daily counts of COVID-19 deaths from The New York
Times, which maintains a repository of daily confirmed and probable COVID-
19 deaths by state, compiled from state and local health departments. These
data are available through the website https://github.com/nytimes/covid-19-
data.

Economic Data and Variable Construction. All data are publicly available.
Monthly economic data from 2011 to 2020 come from the Integrated Public
Use Microdata Series (IPUMS) Current Population Survey (CPS), which har-
monizes data across months from the CPS (33). The CPS is a monthly survey
that samples over 80,000 residents for each month. Weights are provided to
construct nationally representative estimates, so when aggregating indi-
vidual survey responses we use the “final basic person weight” variable,
which is based on the inverse probability that an individual is selected into
the sample and adjusts for known nonresponse issues. The main economic
outcome that we consider is the employment-to-population ratio; this is
defined as the percentage of the nonmilitary and noninstitutional pop-
ulation 16 y and older that either had full-time or part-time work during the
week before the survey week. We construct this measure nationally, within
each state, and within each age group; national measures use all 50 states
and Washington, DC. In constructing age groups, we follow the finest age
groups that are available for mortality data from the CDC, again omitting
age group 0 to 24 y, as employment-to-population ratio is not defined in CPS
for individuals younger than 16 y. We choose to focus on the
employment-to-population ratio rather than the unemployment rate be-
cause the unemployment rate also captures the decision to search for work,
while official counts of unemployment claims further depend on who
qualifies for and applies for unemployment benefits. SI Appendix, section 1
discusses potential concerns about CPS survey reliability during the pan-
demic and validates our approach using both alternative economic measures
in the CPS (specifically the unemployment rate and average hours worked
per population) as well as economic measures taken from administrative
data that are not affected by potential nonresponse bias; all measures are
positively correlated across states and our qualitative findings are not driven
by our measurement choice. Throughout, we treat CPS estimates as data,
abstracting from any uncertainty around sampling error, because the rep-
licate weights required to accurately construct SEs are not available for the
monthly CPS and sampling error is plausibly very small relative to the
employment effects we find.

Predicted and Excess Outcomes. Our goal is to calculate excess mortality and
economic damage nationally and for each state and age group, for
each month in the year 2020. For each outcome Y (either mortality or the
employment-to-population ratio) we define the excess of the outcome
in month m of year t as EYmt = Ymt − PYmt, where Ymt is the observed value
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of the outcome and PYmt is the predicted value of the outcome. Ymt is di-
rectly observed in the data. In our main specification, PYm,2020 is determined
by estimating the following linear regression during the preperiod 2011
to 2019:

Ymt = βt + ∑
μ=12

μ=1
τμInd(μ = m) + emt ,

where βt is a linear time trend, ∑
μ=12

μ=1
τμInd(μ = m) is a sum of indicator vari-

ables for each calendar month to nonparametrically capture seasonal vari-
ation in the outcomes, and emt is an error term. We use heteroskedasticity-
robust SEs, clustering by year. The predicted value of the outcome in month
m of 2020 is then PYm,2020 = β̂*2020 + τ̂m, and the excess of the outcome is
EYm,2020. For our economic outcome (employment-to-population ratio) we
define “excess decline in the employment–population ratio” as −EYmt, so
that a larger increase in economic damage corresponds to a larger decrease
in the employment-to-population ratio.

In SI Appendix, section 3.1 we confirm that our approach for computing
excess mortality and economic damages does not produce either meaningful
excess mortality or economic damages when we replicate it for February
2020; we do observe emerging deviations from predictions in March, but
they are less pronounced than in April 2020.

Comparing Mortality and Economic Impacts. To compare the mortality and
economic impacts of COVID-19 across states, we regress excess mortality per
10,000 on economic damage (as measured by the excess decline in the
employment-to-population ratio) in April 2020, where each observation is a
state or Washington, DC. We use heteroskedasticity-robust SEs to construct

confidence intervals for the slope of this line. In SI Appendix, section 3.2 we
show that our findings are robust to alternative specifications of the
predictive model.

Data Availability. Stata data have been deposited in GitHub (https://git.io/
JTvVF). All data used in the analyses are publicly available. Economic vari-
ables in our main analyses come from the IPUMS CPS (accessed on May 8,
2020) and death count variables in our main analyses come from the CDC’s
NCHS (accessed on July 1, 2020) for years 2019 to 2020 and from the CDC’s
Wonder Database (accessed on June 13, 2020) for years 2011 to 2018. Pop-
ulation counts to estimate mortality come from the US Census Bureau’s Ta-
bles NA-EST2019-01, NST-EST2019-01, and EST2019-AGESEX-RES (all accessed on
June 13, 2020). Supplemental analyses from the SI Appendix use several other
publicly available datasets: economic measures from the Opportunity Insights
Economic Tracker (accessed on June 9, 2020 from https://tracktherecovery.org/),
unemployment insurance claims from the US Department of Labor (accessed
on June 8, 2020 from https://oui.doleta.gov/unemploy/claims.asp), data on in-
dustry shares from Table SAEMP27 of the Bureau of Economic Analysis (BEAS)’s
Regional Data website (accessed on June 22, 2020 from https://apps.bea.gov/
iTable/iTable.cfm?reqid=70&step=1&isuri=1), and counts of COVID-19 deaths
from the repository maintained by The New York Times (accessed on June 15,
2020 from https://github.com/nytimes/covid-19-data).
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