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ABSTRACT

Background Prior estimates of the years of life lost (YLLs) in the USA associated with coronavirus disease 2019 (COVID-19) were 1.2 million

through 11 July 2020 and 3.9 million through 31 January 2021 (which roughly coincides with the first full year of the pandemic). The aim of

this study is to update YLL estimates through the first 2 years of the pandemic.

Methods \We employed data regarding COVID-19 deaths through 5 February 2022 by jurisdiction, gender and age group. We used actuarial

life expectancy tables by gender and age to estimate YLLs.

Results We estimated roughly 9.7 million YLLs due to COVID-19 deaths. The number of YLLs per 10 000 capita was 297.5, with the highest
rate in Mississippi (482.7) and the lowest in Vermont (61.4). There was substantial interstate variation in the timing of YLLs and differences in

YLLs by gender. YLLs per death increased from 9.2 in the first year of the pandemic to 10.8 through the first 2 years.

Conclusions Our findings improve our understanding of how the mortality effects of COVID-19 have evolved. This insight can be valuable to

public health officials as the disease moves to an endemic phase.
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Introduction

Years of life lost (YLLs) is a population-level measure
that aggregates across individuals the life expectancy less
the age at which they died. It conveys additional informa-
tion beyond the number of deaths by reflecting the age
distribution of decedents. The measure has been used to
analyze a range of causes of death!™” and has recently
been applied to deaths due to coronavirus disease 2019
(COVID-19).10-18

This original article follows previous studies by the
authors,'”?’ which estimated 1.2 million YLLs associated
with COVID-19 deaths in the USA through 11 July 2020
and 3.9 million through 31 Januatry 2021. This study updates
the prior estimates through the roughly second yeat of the
pandemic and analyzes overall YLLs and YLLs by jurisdiction
and gender.

Methods

Data

The data and methods employed follow those used in Quast
et al."” Data regarding COVID-19 deaths were obtained from
the dataset ‘Provisional COVID-19 Death Counts by Sex,
Age, and State’ published by the National Center for Health
Statistics in the US Centers for Disease Control and Preven-
tion (CDC).?! The data reflect the period 1 January 2020
through 5 February 2022 and were obtained on 3 March
2022. We again use the term jurisdiction rather than state to
refer the geographic entities as the CDC data included obser-

Troy Quast, Professor
Ross Andel, Professor
Sean Gregory, Research Affiliate

Eric A. Storch, Professor

© The Author(s) 2022. Published by Oxford University Press on behalf of Faculty of Public Health. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com 1


https://doi.org/10.1093/pubmed/fdac057

2 JOURNAL OF PUBLIC HEALTH

vations for the non-state areas New York City and Washing-
ton, D.C. The number of deaths was suppressed in the dataset
for a given jurisdiction/gender/age group due to confiden-
tiality concerns if the value ranged from one to nine. Out
of 401 533 female deaths, 365 did not include information
regarding age. The corresponding values for male deaths was
497 166 and 339. The suppressed deaths were excluded from
the analysis.

Life expectancies by age and gender were obtained from
actuarial life tables published by the US Social Security
Administration.’? The most recent year available was 2019.
Appendix Table 1 reports the mapping of age groups used
in the COVID-19 deaths data to ages for which the life
expectancy was used. The table also reports the approximated
life expectancy reported for the specified age.

We again used ‘Annual State Resident Population Estimates’
published by the US Census Bureau as the source of our state-
level population data.”® The data were as of 1 July 2019 and
were obtained by gender. In order to match the COVID-19
deaths data, we estimated the population of New York City
and the remainder of New York state separately. We obtained
the population of New York City and the percentage of pop-
ulation by gender as of 1 July 2019 from ‘QuickFacts: New
York City, New York’ published by the US Census Bureau.?*

Our sample consisted of 52 jurisdictions: 49 states, New
York state excluding New York City, New York City and
Washington, D.C.

Statistical analysis

As in our previous studies,!”?"

we approximated the age
of death for each age group based on the single-age values
reported in Appendix Table 1. For each death, we assigned
a life expectancy for that gender-age cohort. We obtained
population-level YLL estimates by summing the life expectan-
cies for the deaths in the relevant population. Per-capita
YLLs were calculated per 10 000 residents for the respective
jurisdiction-gender population.

We again adjusted our estimates to account for COVID-19
deaths occurring among individuals had significant medical
conditions before contracting the disease. A study of deaths
in the UK estimated that pre-existing morbidities reduced the
estimated YLLs per COVID-19 death from 14 to 13 among
men and 12 to 11 among women.'* We followed our ealier
methodology and conservatively reduced the expected life
expectancy by 25% to reflect the typically greater morbidity
of COVID-19 decedents.

Results

Table 1 reports by jurisdiction the number of deaths and
YLLs, both the actual values and those measured per 10 000

capita. The jurisdictions are ranked in dectreasing order by
YLLs per 10 000 capita. Nationally, the roughly 900 000 deaths
resulted in neartly 9.7 million YLLs. The YLLs per 10 000
capita were 297.5 and the average YLLs per COVID-19 death
was 10.8. Mississippi had the highest YLLs pet 10 000 capita
at 482.7, which was nearly eight times the lowest state value
that was observed in Vermont.

Figure 1 shows thatin every jurisdiction the YLLs pet 10 000
capita were higher for males than for females. However, the
extent of the difference varies substantially. The male value
for New York City was approximately 60% greater than the
female value, whereas in Mississippi that value was only 9%
greatet.

Figure 2 details YLLs per 10 000 capita where the Year
1 value is shaded in blue and the Year 2 value is shaded in
red. Nationally, the YLLs per capita in Year 1 were 119.0,
whereas the Year 2 amount was 178.5. There was substantial
variation across states in the proportion of YLLs by year. For
example, Mississippi had a large proportion of YLLs in Year
2, whereas New York City had a much lower proportion. Of
North Carolina’s relatively low number of YLLs across the 2
years, a large proportion of them occurred in Year 2.

Conclusions/Discussion

The main findings

Over the first 2 years of the pandemic, COVID-19 deaths
in the USA were associated with approximately 9.7 million
YLLs. On average, each death was associated with roughly
10.8 YLLs. There were substantial differences across states
both in the number and timing of YLLs. Half of the top
10 states in terms of YLLs were in the southeast USA (Mis-
sissippi, Alabama, Tennessee, Arkansas and Louisiana). YLLs
per 10 000 capita were higher for males than females, but there

was substantial interstate variation in the extent of difference.

What is already known on this topic
Prior multi-national analyses have generally found that YLLs
in the USA were generally higher than in other countries. Per-
capita YLLs in the USA were found to be 13% higher than in
Italy and more than six times as large as those in Germany.!”
An analysis of 81 countries through 2020 found that the ratio
of YLLs associated with COVID-19 relative to other major
causes in the USA was second only to Itztly.18 Another study
of thirty countries through the summer of 2020 estimated
that the YLLs per capita in the USA were the eighth highest.12
In contrast, a study that employed the standardized mortality
ratio found that the YLLs per capita in the UK and the USA
were similar.!!

Our eatlier studies of the USA estimated YLLs associated
with COVID-19 to have been roughly 1.2 m through 11 July
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Table 1 Number of deaths and YLLs by jurisdiction

Number of deaths YLLs

Jurisdiction Nunber Per 10 000 capita Number Per 10 000 capita YILs per death
USA 897 995 27.7 9 655 279 297.5 10.8
Mississippi 11 854 40.3 141 928 482.7 12.0
New York City 33 846 40.6 356 162 427.2 10.5
Alabama 17 198 35.5 204 415 421.8 11.9
New Mexico 6760 32.6 85771 413.6 12.7
Arizona 24983 34.7 294 331 409.0 11.8
Tennessee 23129 34.3 269 971 400.0 11.7
Oklahoma 13 745 35.2 153 894 393.7 11.2
Nevada 9811 322 117 462 385.8 12.0
Arkansas 9946 33.4 110 210 369.7 11.1
Louisiana 14 393 31.4 168 527 367.1 11.7
Texas 82757 28.9 1046 304 365.6 12.6
New Jersey 30285 34.5 298 702 340.1 9.9
Kentucky 13 885 31.5 150 119 340.1 10.8
Georgia 29073 27.7 351 398 335.0 12.1
West Virginia 5568 31.4 59 204 333.7 10.6
South Carolina 15083 29.6 168 655 331.2 11.2
Florida 63 486 29.9 700 467 329.5 11.0
Ohio 38 490 33.3 378 408 327.5 9.8
Pennsylvania 42761 33.8 397 122 313.5 9.3
Indiana 21081 31.7 208 441 313.4 9.9
Missouri 18 341 30.2 189 245 312.0 10.3
Michigan 29 380 29.7 308 090 311.9 10.5
Montana 3184 30.1 32597 308.4 10.2
District of Columbia 1686 24.2 21118 303.3 12.5
North Dakota 2445 32.5 22426 298.4 9.2
South Dakota 2768 31.7 25690 294.4 9.3
New York (excl NYC) 33824 31.1 311 109 285.6 9.2
Kansas 8078 28.1 80 910 281.1 10.0
Wyoming 1488 26.0 15 629 273.1 10.5
Idaho 4508 25.5 45293 256.6 10.0
Illinois 31 800 25.4 319 911 255.4 10.1
Towa 8845 28.4 79 449 254.9 9.0
North Carolina 23978 23.1 262 936 253.6 11.0
Delaware 2559 26.6 24 320 252.5 9.5
California 85519 21.9 979 034 250.7 11.4
Rhode Island 3243 30.9 26 145 249.3 8.1
Maryland 14 270 23.9 147 280 246.5 10.3
Connecticut 10 002 28.3 85 056 240.9 8.5
Wisconsin 13 559 23.5 128 367 2229 9.5
Nebraska 4370 22.9 42 411 2221 9.7
Colorado 11 917 20.9 124 648 218.9 10.5
Virginia 17 152 20.3 175 662 208.2 10.2
Massachusetts 17 053 25.0 139 617 204.7 8.2
Alaska 1089 15.1 14 188 196.6 13.0
Minnesota 11 780 21.1 106 228 190.7 9.0
Utah 4430 14.0 53138 168.3 12.0
Oregon 6094 14.6 64 240 153.9 10.5
Washington 10 476 13.9 112 554 149.5 10.7
Maine 2143 16.1 19 835 148.9 9.3
New Hampshire 2250 16.7 18 607 138.1 8.3
Hawaii 1149 8.2 14 260 101.9 12.4
Vermont 481 7.8 3795 61.4 7.9
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Fig. 1 YLLs per 10 000 capita by jurisdiction and gender.

2020 and 4 million through January 2021.1%20 A microsimu-
lation analysis of the USA estimated roughly 9 million YLLs
through March 2021 15 However, this estimate was based on
all excess deaths and not solely on COVID-19 deaths. Several
analyses of the USA have observed disproportionate YLLs
among Hispanics and Blacks, both at the national'>!> and
regional17 levels.

What this study adds

The use of consistent data and methodology implies that
our two prior studies and the current study provide insight
into the evolution of YLLs associated with COVID-19 in
the USA. For instance, although the number of COVID-
19 deaths increased by roughly 13% from Year 1 to Year 2
of the pandemic, YLLs increased by 49%. YLLs per death
increased from 9.2 in the first year of the pandemic to 10.8
through the first 2 years. Taken together, these results suggest
a shift to a younger age distribution in COVID-19 deaths.
Our findings also highlight geographic variation in the timing
of COVID deaths as well as the persistence of male YLLs

m Males

W Females

exceeding female YLLs. As COVID-19 enters an endemic
phase, these results will be important to monitor to best shape
public health efforts.

Limitations

This study shares several limitations with our previous ana-
lyis.'> We were unable to investigate YLLs by race and eth-
nicity. The COVID-19 deaths data were provisional in that
there can be delays in the reporting of deaths, but the impact
of these delays were likely negligible given the 2-year analytic
period. Data regarding 713 deaths were suppressed due to
confidentiality concerns, but the effect of these missing data
were likely minimal given the nearly 900 000 total COVID-19
deaths.

We relied on national (rather than jurisdiction-level) life
expectancy estimates and the estimates are conditional upon
an individual reaching the specified age. We had to employ
a rough approximation for the pre-existing reduced expected
life expectancy of those who died from COVID-19. Although
our use of a 25% reduction is conservative, especially in light
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Fig. 2 YLLs per 10 000 capita by jurisdiction and year.

of earlier estimates,'® a more precise estimate based on US
data would provide greater clarity.

Conclusions

Our estimates illustrate the continuing toll of COVID-19 and
the extent to which the disease is cutting lives short. Taken
together with our eatlier analyses, this study demonstrates the
persistent variation in the mortality effects across geographies
and genders and suggests the effectiveness of nuanced public
health responses.

Supplementary data
Supplementary data are available at the Journal of Public Health
online.
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