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Abstract

Background: Preliminary studies have suggested a link between socio-economic charac-
teristics and COVID-19 mortality. Such studies have been carried out on particular geog-
raphies within the USA or selective data that do not represent the complete experience
for 2020.

Methods: We estimated COVID-19 mortality rates, number of years of life lost to SARS-
CoV-2 and reduction in life expectancy during each of the three pandemic waves in 2020
for 3144 US counties grouped into five socio-economic status categories, using daily
death data from the Johns Hopkins University of Medicine and weekly mortality age
structure from the Centers for Disease Control.

Results: During March-May 2020, COVID-19 mortality was highest in the most socio-
economically advantaged quintile of counties and lowest in the two most-disadvantaged
quintiles. The pattern reversed during June-August and widened by September—
December, such that COVID-19 mortality rates were 2.58 times higher in the bottom than
in the top quintile of counties. Differences in the number of years of life lost followed a
similar pattern, ultimately resulting in 1.002 (1.000, 1.004) million years in the middle
quintile to 1.381 (1.378, 1.384) million years of life lost in the first (most-disadvantaged)
quintile during the whole year.

Conclusions: Diverging trajectories of COVID-19 mortality among the poor and affluent
counties indicated a progressively higher rate of loss of life among socio-economically
disadvantaged communities. Accounting for socio-economic disparities when allocating
resources to control the spread of the infection and to reinforce local public health infra-
structure would reduce inequities in the mortality burden of the disease.

Key words: Mortality, COVID-19, age-standardized death rates, years of life lost, the USA

©The Author(s) 2021; all rights reserved. Published by Oxford University Press on behalf of the International Epidemiological Association 418


https://orcid.org/0000-0001-7640-9126
https://academic.oup.com/

International Journal of Epidemiology, 2022, Vol. 51, No. 2

419

Key Messages

economically advantaged counties.

quintile, respectively.

particularly detrimental.

* In 2020, the most socio-economically disadvantaged areas in the USA appear to have experienced a 31% heavier
mortality burden from the pandemic than the most socio-economically advantaged ones.

* The total number of years of life lost to COVID-19 in 2020 amounted to 5.71million, equivalent to 16 years and 170
days not lived by an average person dying of the disease, whereas relative to the 2015-2019 average, life expectancy
at birth fell by at least 0.85 (0.82, 0.87) years to 78.88 years, close to the 2006 level. Among the most-disadvantaged
counties it declined by 1.13 (1.08, 1.19) years in 2020 compared with 0.69 (0.64, 0.75) years in the most socio-

* The gap in life expectancy at birth between the two extreme socio-economic status (SES) quintiles increased from
5.75 to 6.18 years between the 2015-2019 period and the year 2020.

¢ A clear gradient of years of life lost (YLL) to COVID-19 by SES quintile emerged through 2020: from 0.48, 0.20 and
0.31million years under the conditions of each of the three waves (0.99 million in total) for the population in the
most-affluent quintile to 0.27, 0.36 and 0.76 million years (1.38 million in total) for that in the least-affluent SES

* |t will be essential to monitor the long-term consequences of the SARS-CoV-2 infection among the least-affluent
segments of the US population, for whom the lack of protective factors and limited access to healthcare might be

Introduction

Prior research has demonstrated the disproportionate mor-
tality impact of recent natural disasters (heat waves, hurri-
canes, floods, etc.) on the most socio-economically
disadvantaged populations in the USA."™* Analyses based
on preliminary data indicated that this is also likely the
case for COVID-19. A strong relationship between socio-
(SES) and COVID-19 mortality is
expected due to the mechanisms of viral transmission.

economic status
Low-income populations are over-represented in the essen-
tial workforce and within the economic sectors least ame-
nable to remote work, thus increasing potential exposure
to the SARS-CoV-2;’ in addition, they rely on public trans-
portation more than the general population and they are
more likely to live in overcrowded and multigenerational
households.® Once infected with the virus, disadvantaged
populations experience an increased risk of hospitalization,
intensive care and death.”® This is partly due to the fact
that those with lower SES suffer from higher rates of pre-
existing conditions that are associated with increased risks
of severe symptoms and deaths from COVID. In addition,
individuals without paid sick leave or health insurance
may delay testing and seeking treatment, further increasing
their risks.” Studies conducted on incomplete data or spe-
cific geographic locations have shown that COVID-19
cases and deaths are concentrated in areas characterized by
low median household income and high levels of income

10-15 More generally, a

inequality among other factors.
growing body of evidence has indicated a higher-than-

average level of mortality from COVID-19 in some

communities within the USA.'®?! Studies in other coun-
tries have also shown a strong relationship between
COVID-19 mortality and socio-economic deprivation at
the area level.?>** Such a relationship is expected due to
the particularly complex interaction mechanisms between
the host, environment and SARS-Cov-2.

However, due to limitations in the statistical informa-
tion currently available, no study on socio-economic differ-
entials in COVID-19 mortality at the community level
using data for the complete year 2020 and covering the
USA as a whole has been published as yet. This paper is the
first to provide a country-wide assessment of the dispro-
portionate vulnerability of economically disadvantaged
communities to COVID-19 mortality for the entire year.

Methods

We grouped all US counties into five SES quintiles and cal-
culated three mortality indicators for each SES quintile: the
age-standardized death rate from COVID-19, the number
of years of life lost (YLL) to the disease and the reductions
in life expectancy due to COVID-19. The indicators were
calculated for each of the three pandemic waves in 2020,
namely 1 March to 31 May, 1 June to 31 August and
1 September to 31 December, and for the year 2020 as a
whole, by comparison with mortality for the experience
over the corresponding months in an average year in
2015-2019, used as the benchmark.

We followed a three-step approach: first, we grouped
all US counties into five categories of similar demographic
size based on the socio-economic composition of their
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populations; second, we calculated all-cause mortality
rates for the three different periods in 2015-2019 (March-
May, June-August and September—-December) and
COVID-19-mortality rates for the same periods in 2020 as
well as for 2020 as a whole; third, we constructed com-
plete life tables by time period for each SES quintile. We
used the results to assess differences across county group-
ings in the level of COVID-19 mortality and in the number
of YLL to the pandemic.

Grouping counties into SES categories

The grouping of counties into SES categories was imple-
mented following an approach initially developed and vali-
dated by Singh.**~2® A principal component analysis was
applied to 11 variables extracted from the most recent 5-
year American Community Survey (2015-2019) from the
US Census Bureau®” and calculated at the county level for
all US counties. The 11 input variables we used reflect the
population composition of each county in terms of the per-
centage of the population aged >25 years with <9 years of
education; the percentage with >4 years of college educa-
tion; the percentage of households below the federal pov-
erty line; the median household income, including cash
benefits such as social-security payments and adjusted to
account for differences in local standards of living; the ra-
tio of the average income of the wealthiest quintile of
households to the poorest quintile within each county; the
unemployment rate; the percentage of the labour force in
white-collar occupations; the median housing price; the
median gross rent; the percentage of households with no
telephone; and the percentage of households with no or in-
complete plumbing. After implementing a principal com-
ponent analysis, we calculated the socio-economic index
score as the sum of the product of the correlations between
each variable and the first component. Counties were then
ranked and classified into quintiles after weighing by their
population size. Each SES quintile thus represents ~20%
of the total US population.

Recognizing the urban—rural and regional divide in all-
cause mortality, we additionally classified the counties
within each SES quintile by their respective regions
(Northeast, Midwest, South and East) and their metropoli-
tan status (distinguishing between metropolitan and non-
metropolitan counties, as defined by the Census Bureau).

Estimating the mortality indicators for each SES
quintile and time period

We calculated all three outcome indicators (the age-stan-
dardized death rate from COVID, the number of YLL to
the disease and reductions in life expectancy for the

population) for all three pandemic waves and for 2020 as a
whole and for each SES quintile (and by large US region
and metropolitan status). In the absence of complete vital-
statistics records by county, month, age and the underlying
cause of death for 2020, we implemented an indirect esti-
mation technique to calculate the age-standardized death
rates from COVID-19. We combined four sources of data:
2015-2019 average of all-cause deaths by age from the
National Center for Health Statistics (NCHS),?® national
level weekly COVID-19 mortality data by age from
NCHS,?*’ daily death counts from COVID-19 by county
from the Center for Systems Science and Engineering at
Johns Hopkins University of Medicine (CSSE)***! and
NCHS exposure counts by age published by the Centers
for Disease Control and Prevention (CDC) as bridged-race
postcensal estimates.>” The main assumptions on which
our method rests are that deaths from COVID-19 were
properly reported in the CSSE database; that without
COVID-19, all-cause mortality rates (by age and by
county) would have been the same in 2020 as in the pre-
pandemic 5-year average; and that the age schedule of
mortality from COVID-19 has varied over time, but that it
was the same for all counties within the same week. We
postulated that the granularity of weekly age-specific rates
mitigates the overall bias stemming from this approach. All
these assumptions are strong but they were necessary for
our calculations. We review their implications for our find-
ings in the ‘Discussion’ section. Note that we measured the
direct effect of COVID-19 only as we had county-level in-
formation on deaths specifically attributed to ICD-10 code
U07.1 but not to other causes that might be directly or in-
directly related to COVID-19. Detailed explanations,
mathematical formalization of all computational steps and
all input data sets (comma-separated format) described
earlier are provided in the online Supplementary Material
(available as Supplementary data at IJE online). All of the

Table 1 Absolute and relative distribution of COVID-19 deaths
by socio-economic status quintile of counties and by period
of 2020 in the USA

Period of 2020 SES1 SES2 SES3 SES4 SES5 Total
March-May 17539 12690 12773 33244 28750 104996
51% 3.7% 3.7% 9.6% 8.3% 30.3%
June—August 21000 16783 15583 13535 10155 77056
6.1% 4.8% 4.5% 39% 29% 22.3%
September— 50504 37797 32227 26279 17732 164539
December
14.6% 10.9% 93% 7.6% 5.1% 47.5%
Whole year 89043 67270 60583 73058 56637 346591

25.7% 19.4% 17.5% 21.1% 16.3% 100%
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Period 1: Period 2:
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County SES quintile
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Period 3: Whole year:
2020-09-01 to 2020-01-01 to
2020-12-31 2020-12-31
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Figure 1 Age-standardized COVID-19 mortality rates (per 1000) by socio-economic status quintile (1=Ilowest, 5=highest) of counties and time period
in 2020, and pre-pandemic all-cause mortality rates (per 1000) in the USA, with 95% confidence intervals

analyses were conducted in R, version 4.0.2 (R Project for
Statistical Computing).

Results

The Johns Hopkins database included a total of 346 591 US
deaths directly attributed to COVID-19 in 2020 as of
22 September 2021 excluding Puerto Rico and the US overseas
territories. Of these, as shown in Table 1, 104 996 (or 30.3%)
occurred in the months of March-May, 77056 (22.2%) in
June-August and 164 591 (47.5%) in September—December.
These numbers correspond to the following death rates from
COVID-19: 1.28, 0.95 and 1.53 per 1000, for each successive
pandemic wave in 2020. The death rate from COVID-19 for
2020 as a whole was 1.07 per 1000, with COVID-19 mortal-
ity representing 12.4% of all-cause mortality.

Figure 1 shows the age-standardized death rates from
COVID-19 for each SES quintile of counties by time period
for 2020 and from all causes in 2015-2019. During the
first pandemic wave (March-May), there was a J-shaped
relationship between the SES and COVID-19 mortality of
the counties: the highest death rate (2.17 per 1000) was in
the second most-affluent (fourth) SES quintile of counties,
followed by the most socio-economically advantaged (fifth
quintile, 1.82), the least advantaged (first quintile, 1.01)
and then the second and third (0.77 and 0.76 per 1000,

respectively). At this stage, COVID-19 mortality repre-
sented 20-21% of total mortality in the top two quintiles,
8% in the two middle quintiles and 9% in the lowest quin-
tile during the first wave.

During the following 3 months (June-August), the pat-
tern reversed: COVID-19 mortality was lowest in the top
quintile (0.65 per 1000) and highest in the bottom quintile
(1.21 per 1000). During the last 4 months of 2020, the sum-
mer gradient of COVID-19 mortality by SES quintile be-
came much more pronounced, with the highest rates in the
most-disadvantaged quintile (2.20 per 1000, the highest for
any quintile over all three waves of the pandemic), gradually
declining to 0.85 per 1000 in the most-advantaged. The
share of COVID-19 in total mortality during the third wave
ranged from 11% in the top quintile to 18% in the bottom
quintile. For the whole year, a similar, albeit more muted
pattern was apparent, with rates ranging from 1.29 per
1000 in the least-privileged quintile to 0.9 per 1000 in the
most-privileged. The pattern in the last 4 months of the year
roughly mirrors the SES differentials in all-cause mortality
before the pandemic, with a death rate from COVID-19 in
the bottom quintile 31% higher than in the top, compared
with the 32% higher death rate from all causes between the
bottom and top quintiles in the 2015-2019 average.

Between the spring and the autumn of 2020, the number
of counties with at least one death attributed to COVID-19
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Figure 2 Weekly COVID-19 deaths (left panel) and age-standardized mortality rate (per 1000, right panel) in 2020 in the USA, by socio-economic status
quintile of counties (1= lowest, 5=highest), US Census geographic region and county metropolitan status

increased progressively in all quintiles, but much more so in
the least-affluent than in the most-affluent quintile
(Figure 2). By the end of May, the proportion of counties
with at least one COVID-19 death had reached 51.7, 48.6,
56.5, 75.7 and 90.7% in each quintile from the least to
most affluent. By the end of summer, the proportions had
reached 76.3, 63.1, 67.3, 83.3 and 91.3%, and by the end
of year, 97.0, 95.0, 94.2, 96.4 and 94.7%.

As shown in Figure 2, during the spring of 2020, deaths
were highly concentrated in the metropolitan Northeast, fol-
lowed by other metropolitan areas in the Midwest and
South. Over the summer, the number of COVID-19 deaths
declined in the Northeast and Midwest but increased in
both urban and rural areas of the South and, to a lower ex-
tent, in urban areas of the West. During the fall, COVID-19
deaths increased everywhere but the age-standardized death
rates from the virus exhibited a particularly pronounced in-
crease in the rural Midwest. In this region, 80% of all
deaths concentrated in the most-disadvantaged counties
(those in the first and second SES quintiles). In the urban
South, where the pandemic continuously increased in inten-
sity throughout 2020, counties in the two most-deprived
quintiles persistently contributed over two-thirds of the age-
standardized regional death rate. We present a spatio-
temporal representation of this pattern in Supplementary
Figure S1 (available as Supplementary data at IJE online).

Overall, we estimated that the pandemic resulted in the
loss of 5.71 millionyears of life over the course of 2020, of
which 29.6% were lost in March-May, 24.7% in June-
August and 45.8% in September-December. Figure 3 repre-
sents a decomposition of the number of YLL due to COVID-
19 in 2020 by age group, SES quintile of counties and time of
year. The results corroborate our earlier findings in that the
early wave of the pandemic disproportionately affected the
more affluent counties (fourth and fifth quintiles) with 61%
of all YLL, a proportion declining to only 33% and 29% in
the summer and autumn, respectively. Notably, the popula-
tion aged 65-74 years contributed the largest number of YLL
(1.43 million), representing a quarter of all potential years of
life, with the majority lost by those dying in disadvantaged
counties, particularly towards the second half of 2020. The
gradual decline in YLL among those aged >75years was
expected due to the naturally decreasing number of years of
remaining life and the smaller proportion of survivors.

Lastly, in Table 2, we summarize the differences in life
expectancy as well as the number of YLL to COVID-19 for
each of the five SES quintiles in the life tables correspond-
ing to each time period. According to our calculations, the
total reduction of life expectancy in the US population due
to COVID-19 in 2020 was 0.85 years. It ranged from 0.57
to 1.13 years across all quintiles and reflected an increas-
ingly clear gradient of YLL by SES quintile from the first to
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Figure 3 Estimated years of life lost (YLL, in millions) due to COVID-19 in 2020 in the USA, by age group, socio-economic status quintile of counties

(1=lowest, 5= highest) and time period of 2020

the third study period. The life-expectancy reductions
would have reached 1.95years in the bottom quintile,
gradually declining to 0.61years in the most socio-
economically advantaged quintile, if the mortality condi-
tions of the third epidemic wave (September-December)
had been experienced continuously throughout 2020.

We provided the full output of our analysis as comma-
separated files prefixed as ‘results’ in the online
Supplementary Material (available as Supplementary data
at IJE online). These files include the breakdown of Johns
Hopkins-reported COVID-19 deaths by county SES group-
ing and time period, age-standardized mortality rates,
complete life tables (including results of a sensitivity analy-
sis for two methods of calculating life-table probability of
death) as well as YLL estimates for all county SES group-

ings and time periods covered in this analysis.

Discussion

We found evidence of increasing variations in COVID-19
mortality across SES groupings of counties throughout the
course of the pandemic. This is not to be confused with a

possible relationship between individual socio-economic
characteristics and COVID-19 mortality. The results we
presented are only relevant to the aggregate level at which
the study was conducted. These appear to demonstrate a
clear socio-economic gradient of COVID-19 mortality
across communities in the USA. We recognize the need for
more granular, yet encompassing spatial analysis, as prox-
imity and adjacency matter for the spillover and contain-
ment effects of an infectious spread. However, our focus in
this paper has been on establishing an association between
areal socio-economic characteristics and COVID-19 mor-
tality, and measuring its differential impact specifically in
terms of deaths and not cases.

The first 3 months of the pandemic marked an unusual
shift in mortality patterns in which many of the socio-
economically well-off areas were affected the most.
Initially the virus had not fully spread across the USA, af-
fecting primarily densely populated, intense-economic-ac-
tivity, high-transit and cosmopolitan areas. The burden of
COVID-19 mortality was thus borne disproportionately
by a small number of wealthy urban areas, especially those

located in the Connecticut-New Jersey-New York
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Table 2 Life expectancy at birth, e(0), in 2015-2019 and standard errors, and difference (in years) in e(0) before and after adding
deaths from COVID-19 with 95% confidence interval; simulated years of life lost (YLL in millions over all ages), by time period,
for the country as a whole and by socio-economic status quintile of counties in the USA

Socio-economic status quintile of counties

Life expectancy at birth and years of life Q1 Q2 Q3 Q4 Qs Diff. National
lost to COVID-19 by time period Q1-Qs5 average
March-May

¢(0) 2015-2019 75.71 77.76 78.53 79.86 81.47 -5.76 78.57
Standard error 0.0454 0.0485 0.0486 0.0519 0.0527 0.0696 0.0227
¢(0) 2020 with COVID-19 74.87 77.32 78.17 77.69 79.61 —4.74 77.50
Standard error 0.0445 0.0471 0.0468 0.0501 0.0504 0.0672 0.0218
Diff. [e(0) wo.-w. COVID-19] —0.84 —0.43 —0.36 -2.18 -1.86 1.02 -1.07
Diff. in (0): CI upper bound -0.95 —0.55 -0.47 -2.29 -1.97 1.02 -1.12
Diff. in ¢(0): CI lower bound -0.72 —0.33 -0.25 -2.07 -1.76 1.04 -1.02
YLL mean (millions) 0.26 0.20 0.20 0.55 0.48 —0.21 1.69
YLL CI upper bound 0.27 0.20 0.20 0.55 0.48 —0.21 1.69
YLL CI lower bound 0.26 0.20 0.20 0.54 0.48 —0.21 1.69

June-August

e(0) 2015-2019 76.43 78.46 79.23 80.63 82.32 -5.89 79.32
Standard error 0.0449 0.0479 0.0479 0.0510 0.0516 0.0684 0.0228
e(0) 2020 with COVID-19 75.19 77.53 78.50 79.80 81.88 —6.69 78.47
Standard error 0.0438 0.0462 0.0460 0.0489 0.0488 0.0656 0.0217
Diff. [e(0) wo.-w. COVID-19] —-1.24 —0.93 -0.73 —0.83 -0.43 —0.81 —0.85
Diff. in e(0): CI upper bound —1.36 —1.04 —0.85 -0.95 —0.55 —-0.81 —0.90
Diff. in ¢(0): CI lower bound -1.12 —-0.81 —0.61 -0.71 —-0.31 —0.81 —0.80
YLL mean (millions) 0.36 0.31 0.28 0.26 0.20 0.16 1.42
YLL CI upper bound 0.36 0.31 0.29 0.26 0.20 0.16 1.42
YLL CI lower bound 0.36 0.31 0.28 0.26 0.20 0.16 1.42

September—December

e(0) 2015-2019 75.97 77.93 78.79 80.04 81.66 —5.69 78.78
Standard error 0.0392 0.0420 0.0421 0.0450 0.0457 0.0602 0.0197
e(0) 2020 with COVID-19 74.01 76.41 77.58 78.85 81.04 -7.03 77.43
Standard error 0.0384 0.0408 0.0406 0.0433 0.0434 0.0579 0.0188
Diff. [¢(0) wo.-w. COVID-19] ~1.95 ~1.52 ~1.20 ~1.19 ~0.61 ~1.34 ~1.36
Diff. in e(0): CI upper bound -2.05 -1.62 -1.30 -1.29 -0.71 -1.34 —1.40
Diff. in e(0): CI lower bound —1.85 —-1.42 —-1.11 —1.10 -0.51 —1.34 —-1.31
YLL mean (millions) 0.76 0.59 0.52 0.44 0.31 0.45 2.61
YLL CI upper bound 0.76 0.59 0.52 0.44 0.31 0.45 2.61
YLL CI lower bound 0.75 0.59 0.51 0.44 0.31 0.45 2.60

January-December

¢(0) 2015-2019 75.88 77.90 78.72 80.00 81.63 -5.75 78.73
Standard error 0.0232 0.0250 0.0251 0.0270 0.0275 0.0360 0.0114
e(0) 2020 with COVID-19 74.75 77.14 78.15 78.92 80.93 —6.18 77.89
Standard error 0.0225 0.0240 0.0240 0.0256 0.0260 0.0344 0.0109
Diff. [¢(0) wo.-w. COVID-19] 113 ~0.77 ~0.57 ~1.08 ~0.69 —0.44 ~0.85
Diff. in e(0): CI upper bound -1.19 —0.82 —0.62 -1.14 -0.75 —0.44 -0.87
Diff. in ¢(0): CI lower bound —1.08 -0.71 -0.51 —1.02 —0.64 —0.44 —0.82
YLL mean (millions) 1.38 1.10 1.00 1.25 0.99 0.39 5.70
YLL CI upper bound 1.38 1.10 1.00 1.25 0.99 0.39 5.72

YLL CI lower bound 1.38 1.09 1.00 1.25 0.99 0.39 5.70
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region.*® In the following months, the pattern reversed,
mirroring the typical gradient of mortality increasing with
socio-economic disadvantage. Northeast coastal regions ef-
fectively curbed the rampant spread of the epidemic fol-
lowing the devastation of the spring months, possibly
thanks to the timely and selective shutdowns and social-
distancing policies implemented before and during the
summer. By contrast, the dynamic in the Southern states
and in the West endured and further increased in magni-
tude during the last 3 months of 2020. It was accompanied
by a dramatic increase in the number of deaths, particu-
larly in the most socio-economically disadvantaged rural
areas.

Our overall estimate of the number of YLL is
5.71 million, translating to ~16years and 170days not
lived by an average person dying of COVID-19. The corre-
sponding reduction in life expectancy at birth due to
COVID-19 in the overall US population for 2020 as a
whole (0.85 years) is far below the 1.5 years estimate calcu-
lated by NCHS from preliminary data.** This difference
can be primarily attributed to the fact that NCHS used
2019 mortality as their benchmark, whereas we used the
2015-2019 average mortality to avoid year-to-year fluctu-
ations in mortality due to influenza and other seasonal dis-
eases. Yet, we know that after plateauing between 2010
and 2014, life expectancy at birth declined in the USA up
to 2017, experiencing a rebound in 2018 and 2019. This
means that our benchmark is closer to the mortality condi-
tions of 2020 under COVID-19 than that of NCHS, since
mortality for the average of 2015-2019 was higher than
for 2019. Our earlier estimates (not presented here) com-
paring the decline from 2019 to 2020 amounted to an
overall reduction in life expectancy at birth of 1.38 years—
a number comparable to the NCHS estimates and similar
multinational studies.’> Regardless, the COVID-19 pan-
demic in 2020 effectively moved the national average to
77.88 years, 15years back in time. It also increased the
pre-existing US international disadvantage in life expec-
tancy. Indeed, recent research estimated that the USA expe-
rienced a larger loss in life expectancy in 2020 than 28
other high-income countries with good-quality data, in-
cluding Chile and many Eastern European countries.®” The
finding confirms the results of an earlier study, which
showed that the decrease in the mean length of life in the
USA in 2020 was more than eight times larger than the av-
erage for 16 peer countries.*® In the comparison countries,
the average loss was 0.22years, which represents about
one-third of the loss in the least-affected SES (0.57 years)
and one-fifth in the most-affected quintiles (1.14 years),
relative to our estimates using the 2015-2019 average.
This gap would have been 0.4 years greater for each quin-
tile had we used only 2019 data as our benchmark.

Limitations

The fact that our estimate of the average loss in life expec-
tancy at birth in 2020 is lower than that of NCHS but
higher than those in other studies reflects not only differen-
ces in the benchmark used to estimate the degree of the
mortality excess directly attributable to COVID-19, but
also variations in the methodological approaches and sour-
ces of data.'®37% At this time (October 2021), different
sources indicate a disparate number of COVID-19 deaths.
In addition, it is unclear in many cases whether deaths are
classified by county of residence or by county of occur-
rence, including for the CSSE data set that we used. We as-
sumed the latter in our analysis, but if the former were in
fact the case, it would affect our results negatively only if a
high enough number of people died in a county classified
in a different SES quintile than the county in which they re-
sided. However, since it is more likely that more affluent
counties are better equipped with tertiary care units (on
the front line for the treatment of severe COVID-19 cases),
using deaths classified by place of occurrence instead of
place of residence would lead to an overcounting of
COVID-19 deaths in those counties and undercounting in
less-affluent counties. Further, CSSE reported close to
40000 fewer COVID-19 deaths in 2020 than the CDC
preliminary data for the corresponding geographic aggre-
gate. This could be due to differences in source or defini-
tion, in particular regarding the inclusion of deaths of
‘probable’ or ‘presumed” COVID-19 by NCHS.
Misclassification (COVID-19 deaths mistakenly attributed
to other causes) and under-reporting are likely to vary
from place to place as suggested by NCHS.** Prior re-
search suggested that 30-40% of the excess deaths might
have been correctly or incorrectly attributed to causes
other than COVID-19.3>*° However, preliminary research
also suggested that such effects were disproportionately
borne by the most vulnerable communities.'**! Taking
into account the overall mortality excess of 2020 (directly
and indirectly attributable to the pandemic) could thus
have only magnified our results.

Furthermore, our analysis likely underestimated the
socio-economic gradient in COVID-19 mortality due to
the assumption of a uniform age schedule of COVID-19
mortality (age pattern, similar across all counties, though
varying from one week to the next). There is some indica-
tion of the greater susceptibility of underprivileged popula-
tions to COVID-19 at younger ages.'® Since deaths at
younger ages result in more YLL, this would also further
strengthen our findings on the differential impact of the
pandemic on the expectation of life at birth by SES cate-
gory. On the other hand, many of the people who died of
COVID-19 had higher mortality risks than the general
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population even before the pandemic because of a higher
prevalence of co-morbidities (obesity, diabetes and hyper-
tension in particular), which are expected to be especially
prevalent within the most-deprived segments of the popu-
lation. Had we been able to take these increased risks into
account rather than assuming that, within each SES group-
ing, everyone not dying of COVID-19 had the same
chance of dying in 2020, differences in the number of YLL
across SES quintiles would have been lower than we
found.

The use of the 2015-2019 American Community
Survey data to construct our SES quintiles ignores any
change incurred by the economic consequences of the pan-
demic on the distribution of the counties within each group
in 2020 in terms of the increased poverty, inequality and
selective migration associated with shelter-in-place policies
and travel restrictions. This, however, is unlikely to have
affected our findings if these changes affected counties pro-
portionately to their degree of deprivation (i.e. the more
deprived a county, the more severe the negative economic
impact of the pandemic). Indeed, this would result in an in-
crease in the range of the county-level socio-economic
scores but not the county ranking per se, and thus would
not fundamentally modify their classification into the five
socio-economic groupings and the subsequent mortality
estimates for each grouping.

A full spatial-dependence component is missing from our
analysis. As infectious diseases spread, proximity and
adjacency undoubtedly play a role in dissemination of the
virus. We conducted some exploratory analysis of spatial
dependency (see Supplementary Material, available as
Supplementary data at IJE online). However, it is important
to note the limitations that we faced and the fact that several
considerations would need to be addressed in our specific case
to make such an analysis meaningful. First, counties are fairly
large, heterogenous and variable-sized administrative units,
where borders do not take into an account the proximity, ac-
cess, availability and utilization of various resources, nor spe-
cific individual behaviours. Indeed, coastal regions in the
USA, despite being 2500 miles apart, are often much more
similar socio-economically and better connected through
modern transportation means than nearby suburban and rural
counties. The amount of data and nuance required to carry
out such an analysis merits a separate paper. With our limited
data, we showed (see Supplementary Material, available as
Supplementary data at IJE online) that overall, there is a
weak spatial correlation between the number of deaths and
the rate of mortality from COVID-19 in one county in one
time period and its neighbours in a previous period. Although
a number of isolated clusters were present, there is not enough
information to establish the true extent, much less any causal
links, of spatial diffusion of the COVID-19 disease.

Overall, the data limitations and study biases lean in
opposite directions as some understated and others over-
stated the size of the differences in the mortality risks from
COVID-19 by SES category of counties. More precise esti-
mates will be possible when complete and detailed data be-
come available but we remain confident that our current
findings of the emergence of a strong mortality gradient by
SES category of counties will hold. Furthermore, current
indications of a similar gradient in vaccination rates sug-
gest that the observed inequalities in COVID-19 mortality
for 2020 will have increased in 2021. To better control the
pandemic and mitigate its impact on the general US popu-
lation, current policies to strengthen testing, increase vacci-
nation efforts or invest in public health infrastructure must
proactively target the most socio-economically disadvan-
taged areas, which bear the heaviest mortality burden from
the pandemic.
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