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ABSTRACT

Background The mortality effects of COVID-19 are a critical aspect of the disease’s impact. Years of life lost (YLLs) can provide greater insight

than the number of deaths by conveying the shortfall in life expectancy and thus the age profile of the decedents.

Methods We employed data regarding COVID-19 deaths in the USA by jurisdiction, gender and age group for the period 1 February 2020

through 11 July 2020. We used actuarial life expectancy tables by gender and age to estimate YLLs.

Results We estimated roughly 1.2 million YLLs due to COVID-19 deaths. The YLLs for the top six jurisdictions exceeded those for the remaining

43. On a per-capita basis, female YLLs were generally higher than male YLLs throughout the country.

Conclusions Our estimates offer new insight into the effects of COVID-19. Our findings of heterogenous rates of YLLs by geography and

gender highlight variation in the magnitude of the pandemic’s effects that may inform effective policy responses.
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Introduction

Mortality is a primary means to measure the impact of
COVID-19. Information regarding the number of deaths
caused by COVID-19 can help policy makers and health care
providers to understand the extent of the outbreak. Mortality
comparisons can provide insight into the impact of the dis-
ease across geographic areas and sociodemographic variables.
Mortality measures can also be crucial in understanding past
and future trends of the pandemic.

Measuring COVID-19 deaths has been difficult due to

! testing supply constraints® and

evolving diagnosis critetia,
the “fog of war’ in over-burdened intensive care units.” How-
evert, even if correctly measutred, the number of deaths is an
imperfect measure of mortality as it does not provide insight
into the age distribution of deaths or how risk levels vary by
age. Therefore, the number of deaths cannot offer sufficient
information as to how much many years of life was lost due
to the disease.

In contrast, years of life lost (YLLs) are based on both

the number of deaths and the age of those who died. YLLs

estimate the number of years that those who died would
have lived if they did not contract the specified condition.
Higher YLLs can be due to larger numbers of death, younger
decedents or some combination of the two. If the necessary
data are available, YLLLs are a flexible measure which have
been used to measure the effects of overall mortality,* non-

Q . .
%10 and suicide,'!>12

communicable diseases,”® drug misuse
among other areas.

The relatively older profile of COVID-19 decedents'’
would suggest that YLLs due to COVID-19 would be
relatively low. Howevert, there have been a considerable
number of deaths of younger individuals. The variation in
how COVID-19 has affected different areas may have caused
subsequent variation in YLL estimates across areas. There are

few existing studies of COVID-19 that have employed YLLs.
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Per-capita YLLs in the USA were roughly 13% greater than
those in Italy and more than six times as large as those in
Germany.'* The combined YLLs of African Americans and
Latinos ate mote than that of whites, despite the population
of whites being significantly larger.!> A model was developed
for the UK that based the estimates of YLLs on the observed
morbidities of those who died of COVID-19 in Ttaly.!® Based
on this adjustment, the modeled YLLs per COVID-19 death
were 13 for men and 11 for women.

The goal of this study was to investigate the relationship
between the number of deaths caused by COVID-19 and
the associated YLLs in the USA for the period 1 February
2020 through 11 July 2020. YLLs were compated across
jurisdictions and genders.

Methods

Data

Information regarding COVID-19 deaths was 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 Pre-
vention (CDC).!” Below we use the term jurisdiction rather
than state to refer the geographic entities as the CDC data
included observations for the non-state areas New York City,
Washington, D.C. and Puerto Rico. The data employed in the
analysis were as of 22 July 2020. For confidentiality reasons,
the number of deaths was suppressed in the dataset for a given
jurisdiction/gender/age group if the value ranged from one
to nine. Out of 60 570 female deaths, 429 did not include
information regarding age. The corresponding values for male
deaths were 69 675 and 420. For each jurisdiction-gender
that had an age group with suppressed deaths, we applied the
national proportions of deaths by age group for each gender
to the number of suppressed deaths. There were five deaths
for which the gender was unknown and which 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 2017.
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.

‘Annual State Resident Population Estimates’ published
by the US Census Bureau was the source of our state-level
population data.'” The data were as of 1 July 2019 and were
obtained by gender. Following 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 population by gender as
of 1 July 2019 from ‘QuickFacts: New York City, New York’
published by the US Census Bureau.?’

Our initial sample consisted of 49 states, New York state
excluding New York City, New York City, Washington, D.C.
and Puerto Rico. Alaska, Hawaii, Puerto Rico and Wyoming
were excluded from the analysis as they did not report deaths
by gender.

Statistical analysis

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 calculated the approximated age of death
from the life expectancy for that gender-age cohort. We
obtained population-level YLL estimates by summing these
differences for the deaths in the relevant population. Per-
capita YLLs were calculated per 10 000 residents for the
respective jurisdiction-gender population.

A significant aspect of COVID-19 deaths in calculating
YLLs is that many of those who died of the disease had sig-
nificant pre-existing medical conditions. Such deaths could be
considered as displaced mortality in that these individuals on
average would likely not reach the full life expectancy reported
in actuarial tables. In their forecast model of COVID-19
deaths in the UK based on data from Italy, Hanlon ez a/. (2020)
estimated that the greater pre-existing morbidity of those
who died of COVID-19 reduced the estimated YLLs per
COVID-19 death from 14 to 13 for men and 12 to 11
for women.'> In our analysis, we 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 for each jurisdiction included in the sample. The top
row shows that the US total and the jurisdictions are sorted in
descending order of YLLs. During our sample period, there
were roughly 130 000 deaths which translated to approxi-
mately 1.2 million YLLs. New York City alone accounted
for roughly one-sixth of the deaths and YLLs. The top 10
jurisdictions represented roughly three-quarters of all YLLs.
As expected, the rankings of jurisdictions by the number of
deaths and YLLs are similar, with Massachusetts, an exception
among the top 10 (fourth in the number of deaths and seventh
in YLLs).

The scatterplot in Fig. 1 shows the number of deaths and
YLLs per capita. Jurisdictions above the trend line had higher
rates of YLLs to deaths relative to average, while the reverse
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Table 1 Number of deaths and YLLs by jurisdiction

Jurisdiction Number of deaths YLLs
Total 130 088 1215 265
New York City 20 457 217 599
New Jersey 13 809 128 887
New York (excl NYC) 11242 100 200
California 7100 70972
lllinois 6649 65 382
Pennsylvania 7226 56 719
Massachusetts 7752 54 890
Michigan 5594 54 036
Texas 3703 42 033
Florida 4340 39188
Maryland 3621 34 325
Louisiana 3088 31023
Connecticut 4028 30 103
Arizona 2441 26 137
Georgia 2545 25779
Indiana 2731 22 900
Ohio 2700 22 280
Virginia 2067 17 883
Colorado 1640 13 951
Alabama 1264 13218
Mississippi 1204 13 035
North Carolina 1220 11 366
Minnesota 1482 10 936
Washington 1234 10 574
South Carolina 965 9471
Missouri 1013 8438
Wisconsin 823 7868
District of Columbia 642 7371
lowa 790 7268
Tennessee 670 7024
Rhode Island 935 6769
Nevada 575 6212
New Mexico 515 5843
Kentucky 655 5653
Delaware 513 4499
Oklahoma 417 3794
Arkansas 359 3755
Nebraska 283 2924
Kansas 312 2906
New Hampshire 380 2539
Utah 216 2329
Oregon 255 2255
South Dakota 112 1016
Maine 127 938
North Dakota 102 823

(Continued)

Table 1 (Continued)

Jurisdiction Number of deaths YLLs
Idaho 114 803
West Virginia 101 773
Vermont 52 388
Montana 25 190

YLLs per 10,000 capita

T T T T T T

0 S 10 15 20 25
Deaths per 10,000 capita

Fi

g. 1 YLLs and deaths per 10 000 capita.

was true for jurisdictions below the trend line. The vast
majority of jutisdictions lie on ot very near the trend line. New
York City is the greatest departure from the trend line and
had a relatively younger age profile of COVID-19 deaths, as
did Washington, D.C. In contrast, Massachusetts, Connecticut
and Rhode Island were considerably below the line.

Figure 2 contains maps of YLLs per capita by gender,
where the darker shading reflects higher YLLs per capita. New
York excluding New York City, and New York City are com-
bined in the maps. The highest YLLs per capita are generally
located in the northeast, with Louisiana as the one jurisdiction
outside the region with the darkest shade in both maps. All
of the jurisdictions on the map for males are as darkly or
more darkly shaded than the corresponding jurisdictions on
the females map. The jurisdictions in the northeast generally
have the same shading for both genders.

Sensitivity analyses were performed to determine the
robustness of our estimates. Appendix Table 2 reports our
findings when we assumed that the life expectancy of
COVID-19 decedents was 50% less (rather than 25% less)
of average. While the values were obviously less, the total
YLLs was over 800 000.
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Females

Fig. 2 YLLs per 10 000 capita by gender.

Discussion

The main findings

The goal of this study was to use YLLs to gain insight into
the mortality effects of COVID-19 in the USA. We found
that from 1 February 2020 through 11 July 2020, COVID-19
was responsible for roughly 1.2 million YLLs. We observed a
rough congruence of jurisdiction rankings in the number of
deaths and YLLs. The two cities in our sample (New York City
and Washington, D.C.) had younger age profiles of COVID-
19 decedents than the national average. Jurisdiction maps by
gender revealed that throughout the USA, the YLLs per capita
for males were at least as large and often larger than those for

females.

What is already known on this topic

Despite its importance, there are substantial gaps in our
knowledge of COVID-19 mortality. As noted above, there are
significant impediments that can prevent the correct identifi-
cation of COVID-19 deaths. The data are further muddled by
difference across jurisdictions in how COVID-19 deaths are
identified. Some jutisdictions rely on reports to local health
officials, while others use information recorded on death
certificates. Excess mortality analyses can potentially provide
more accurate counts of COVID-19 deaths.?!~2> However,
these studies typically have limited ability to associate demo-
graphic characteristics with deaths.

While imperfect, the data on reported COVID-19 deaths
suggest several seemingly established patterns. For instance,
the data employed in this study suggest extensive variation in
deaths across states. Table 1 showed that the northeast region
of the USA had especially large numbers of deaths, but other
jurisdictions had relatively few. In five jurisdictions, there were
over 10 deaths per 10 000 capita, while in eight jurisdictions,
there were fewer than one death per 10 000 capita. COVID-19
deaths are largely centered on older individuals, with neatly
80% of deaths nationwide occurring among those aged 65

or greater.13 Deaths occurred more frequently among males

Males

at roughly 55% of all deaths,!? which may reflect increased
rates among males of certain pre-existing medical conditions
and/or differences in pre-COVID-19 management of heath

conditions.2*

What this study adds

While data on the number of COVID-19 deaths ate infor-
mative, YLLs can add critical texture to our understanding;
However, to date, the use of YLLs to measure the effects of
COVID-19 has been very limited. While the existing studies
on overall YLLs,!? racial and ethnic disparities,14 and models
to predict YLLs!? provide important insight, there are addi-
tional important aspects that have not been investigated.

Our analysis provides critical new insight into COVID-19
deaths by employing YLLs to identify the varying effects of
COVID-19 across jurisdictions, genders and age groups. We
found that deaths in New York City were responsible for
roughly one-sixth of the YLLs in the USA. Furthermore, the
sum of the YLLs in the top six jutisdictions was greater than
the sum of the remaining 43 jurisdictions. Our compatrisons
of YLLs and deaths per capita indicated significant variation
in the distribution of ages across jurisdictions. For instance,
New York City and Washington, D.C. had pet-capita YLLs
that were above the national trend line. A potential explana-
tion for this finding is that New York City and Washington,
D.C. are both cities and their younger age profile reflects the
age of residents and population density in cities.

We improved upon existing studies by using actuarily based
life expectancy estimates by age group rather than using
somewhat arbitrary cut-off ages. We attempted to account for
the typically worse pre-existing health status of COVID-19
decedents by discounting life expectancy in our calculations.
Our jurisdiction-level analysis was especially appropriate given
the extensive variation across states in the number of deaths
and outbreak phases of COVID-19. Our jurisdiction-level
maps by gender demonstrate that throughout the country,
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generally male deaths have led to greater YLLs than female
deaths.

Limitations
Our study had several limitations. We were unable to inves-
tigate jurisdiction-level racial and ethnic disparities due to
data availability. We employed national life expectancy esti-
mates as jurisdiction-level data were not available. As noted
above, the COVID-19 deaths data were provisional and thus
incomplete. The reporting delays can range from 1 to 8 weeks
and vary by jurisdiction. An implication of these delays was
that it was not feasible to analyze YLLs over time due to
delays.

We had to employ a rough approximation for the pre-
existing reduced expected life expectancy of those who died
from COVID-19. While our use of a 25% reduction is con-

15 2 more

servative, especially in light of eatlier estimates,
precise estimate based on US data would provide greater

clarity.

Conclusions

This study of the roughly first 5 months of the COVID-
19 epidemic in the USA calculated the YLLs by jurisdiction
and gender. Our national estimates of 1.2 million YYLs
due to COVID-19 deaths provide important context to the
effects of the disease. Our findings of differential effects by
jurisdiction and gender indicate important heterogeneities in
the mortality effects of COVID-19. It will be vital to continue
to monitor YLLs due to COVID-19 to inform policy and
clinical responses to the pandemic.

Supplementary data

Supplementary data are available at the Journal of Public Health

online.
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