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ABSTRACT

OBJECTIVE

To estimate the changes in life expectancy and years
of life lost in 2020 associated with the covid-19
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with reliable and complete mortality data.

PARTICIPANTS

Annual all cause mortality data from the Human
Mortality Database for 2005-20, harmonised and
disaggregated by age and sex.

MAIN OUTCOME MEASURES

Reduction in life expectancy was estimated as the
difference between observed and expected life
expectancy in 2020 using the Lee-Carter model.
Excess years of life lost were estimated as the
difference between the observed and expected
years of life lost in 2020 using the World Health
Organization standard life table.

RESULTS

Reduction in life expectancy in men and women was
observed in all the countries studied except New
Zealand, Taiwan, and Norway, where there was a gain
in life expectancy in 2020. No evidence was found of
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37 upper-middle and high income countries or regions

WHAT IS ALREADY KNOWN ON THIS TOPIC

Reported numbers of deaths with covid-19 are subject to changes within

and across countries as well as some degrees of delays, inaccuracy, and
incompleteness

Excess deaths (difference between observed and expected numbers of deaths
from all causes) allows the assessment of the full impact of the pandemic,
including the direct effect on deaths with covid-19, and the indirect effect of the
pandemic on deaths from other diseases

Estimation of excess deaths does not, however, consider the age at death, and
therefore does not quantify the impact of the pandemic on premature deaths as
years of life lost (YLL)

WHAT THIS STUDY ADDS

In 2020, life expectancy was lower and YLL higher than expected in all countries
except New Zealand, Taiwan, Iceland, South Korea, Denmark, and Norway—in the
remaining 31 countries, »>28 million excess years of life were lost

Highest reduction in life expectancy in 2020 was observed in Russia (men,
—2.33 years; women, —2.14), the US (men, —=2.27; women, —1.61), Bulgaria (men
—-1.96; women, —1.37), Lithuania (men, —-1.83; women, —1.21), Chile (men,
—-1.64; women, —0.88), and Spain (men, —1.35; women, —1.13)

Excess YLL rates associated with the covid-19 pandemic in 2020 were more than
five times higher than those associated with the seasonal influenza epidemic in
2015
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a change in life expectancy in Denmark, Iceland, and
South Korea. The highest reduction in life expectancy
was observed in Russia (men: —2.33, 95% confidence
interval —2.50 to —2.17; women: —2.14, —2.25 to
—-2.03), the United States (men: —2.27, -2.39 to
-2.15; women: -1.61, -1.70 to —1.51), Bulgaria
(men: -1.96, -2.11 to -1.81; women: -1.37, -1.74
to —1.01), Lithuania (men: -1.83, -2.07 to —-1.59;
women: —1.21, -1.36 to —1.05), Chile (men: -1.64,
-1.97 to -1.32; women: —-0.88, —1.28 to —-0.50), and
Spain (men: -1.35, -1.53 to —1.18; women: —-1.13,
—-1.37 to —0.90). Years of life lost in 2020 were higher
than expected in all countries except Taiwan, New
Zealand, Norway, Iceland, Denmark, and South Korea.
In the remaining 31 countries, more than 222 million
years of life were lost in 2020, which is 28.1 million
(95% confidence interval 26.8m to 29.5m) years of
life lost more than expected (17.3 million (16.8m to
17.8m) in men and 10.8 million (10.4m to 11.3m)

in women). The highest excess years of life lost per
100000 population were observed in Bulgaria (men:
7260, 95% confidence interval 6820 to 7710; women:
3730, 2740 to 4730), Russia (men: 7020, 6550

to 7480; women: 4760, 4530 to 4990), Lithuania
(men: 5430, 4750 to 6070; women: 2640, 2310 to
2980), the US (men: 4350, 4170 to 4530; women:
2430, 2320 to 2550), Poland (men: 3830, 3540 to
4120; women: 1830, 1630 to 2040), and Hungary
(men: 2770, 2490 to 3040; women: 1920, 1590 to
2240). The excess years of life lost were relatively low
in people younger than 65 years, except in Russia,
Bulgaria, Lithuania, and the US where the excess
years of life lost was »2000 per 100 000.

CONCLUSION

More than 28 million excess years of life were lost

in 2020 in 31 countries, with a higher rate in men
than women. Excess years of life lost associated with
the covid-19 pandemic in 2020 were more than five
times higher than those associated with the seasonal
influenza epidemic in 2015.

Introduction

Since the emergence of SARS-CoV-2, health policy
measures employed to minimise the impact of
the covid-19 pandemic have varied substantially
across countries and jurisdictions.” These policy
measures have affected many social and economic
determinants of health,®'! including accessibility
to healthcare services.!*'® The overall impact of
the pandemic and its associated policy measures
therefore have implications for mortality beyond
deaths with covid-19—the accuracy and completeness
of which has been questioned in many countries and
jurisdictions.? *®
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Data on all cause mortality are considered more
reliable indicators of the impact of the covid-19
pandemic because they are less sensitive to
coding errors, competing risks, and the potential
for misclassification in designating the cause of
deaths, and as such enable comparisons between
countries.’”?' We have previously reported a large
difference between reported deaths with covid-19 and
estimated excess deaths associated with the covid-19
pandemic in 2020.*? Previous studies have used
historical baseline mortality data over the recent past
to estimate the expected number of deaths in 2020
and provide the basis for estimating excess deaths
(observed minus expected deaths), which capture
both the direct (deaths with covid-19) and the indirect
(deaths from other causes) effects of the pandemic and
associated policy measures.'®?? Although using excess
deaths has been considered the ideal method for
measuring the impact of the pandemic,*® this metric
does not take into account age at death. When people
die at an older age, they lose fewer years of remaining
life.?> ** Analysis of life expectancy and years of life lost
(YLL) provide a more nuanced estimation of premature
mortality at population level. Life expectancy, a widely
used metric of mortality, is an indication of how long
on average people can expect to survive if the age
specific mortality rates of that year remain constant for
the remainder of their life.?” 2® YLL takes into account
the age distributions of mortality by giving greater
weights to deaths that occur at younger ages.”* An
important difference exists between life expectancy
and YLL. Whereas life expectancy is a standardised
measure based on a hypothetical life table cohort, YLL
is calculated from the numbers of deaths observed in
real populations. Therefore, life expectancy depends
solely on mortality, and YLL (even after dividing by
population size) depends on both the mortality and the
age structure of the population.

Previous studies have reported the effects of the
pandemic on reduction in life expectancy in the
United States,?” *® England and Wales,* and Spain,®
largely based on partial data in 2020. Earlier studies
have reported the YLL based on deaths with covid-19
only.”> *°3? This method has several limitations
because deaths with covid-19 were reported to have
varying degrees of accuracy and incompleteness?®
2, covid-19 mortality data are often not disaggregated
by age and sex, which are required for the calculation
of YLL? and the impact of the pandemic and its
associated policy measures on deaths from other
causes are not captured.’” > A recent study by Aburto
and colleagues examined changes in life expectancy
between 2019 and 2020 in 29 developed countries
and provided important information on differences
between countries, including the best and the worst
performers.’> However, this study was based on
preliminary death statistics for reported countries
and did not include data from Canada, Israel, Latvia,
Luxembourg, New Zealand, Russia, South Korea, and
Taiwan. The study did not report on the change in YLL
either.
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Most earlier studies compared life expectancy or
YLL in 2020 with that in 2019 or an average of the
most recent few years, which might lead to incorrect
conclusions (see supplementary file).

In this study, we report the changes in life
expectancy at birth and excess YLL from all causes in
2020 by comparing the observed life expectancy and
YLL in 2020 with those that would be expected based
on historical trends in 2005-19 in 37 high income
countries.

Methods

Study design and eligibility

This study is a time series analysis of annual data on
all cause mortality obtained from 37 upper-middle
and high income countries with reliable, valid, and
complete mortality data between 2005 and 2020
disaggregated by age and sex.

Source of data

We obtained data from the Human Mortality
Database, in which mortality and population data
from authoritative national agencies are collated
and standardised. The database is maintained by
the Department of Demography at the University of
California, Berkeley, US and the Max Planck Institute
for Demographic Research, Rostock, Germany.** >°
Mortality data for 2020 were obtained from the
Short-term Mortality Fluctuations data series (a new
extension of the Human Mortality Database).*® For the
purposes of this study, we required annual mortality
data to be disaggregated by age groups (<1, 1-4,
5-9,...90-95, and >100) and sex.

Data for 2020 were available for 37 countries:
Austria, Belgium, Bulgaria, Canada, Chile, Croatia,
Czech Republic, Denmark, England and Wales,
Estonia, Finland, France, Germany, Greece, Hungary,
Iceland, Israel, Italy, Latvia, Lithuania, Luxembourg,
the Netherlands, New Zealand, Northern Ireland,
Norway, Poland, Portugal, Russia, Scotland, Slovakia,
Slovenia, South Korea, Spain, Sweden, Switzerland,
Taiwan, and the US. Details on the source and the
methodology for collection and standardisation of
data from each of these countries or regions have
been published previously.’®?® In many countries,
age groups originally available in Short-term Mortality
Fluctuations data differed somewhat from the required
granular age scale in this study. In six countries
(Canada, Israel, Germany, New Zealand, South
Korea, and the US) Short-term Mortality Fluctuations
data included relatively coarse age groups (see
supplementary file).

Statistical analysis

Calculation of life expectancy and YLL in 2020 and
2015

Whenever possible, we used annual estimates from the
Human Mortality Database based on official data (see
supplementary file). Using the available data series
in the Human Mortality Database starting from 2005,
we employed the Lee-Carter model®® to extrapolate
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annual death rates, which consequently serve as the
input to estimate age specific population exposures
and expected death counts under the assumption of
zero migration. Expected age specific death rates were
predicted separately for men and women. We obtained
expected death counts and population exposures for
both men and women by summing the data for each.
We used the forecasted population exposures and
observed death counts from the Short-term Mortality
Fluctuations data series to calculate observed death
rates for countries where annual estimates for
2020 were not available from the Human Mortality
Database.

Before calculating observed age specific death rates,
we standardised the death counts from Short-term
Mortality Fluctuations according to the International
Organization  for  Standardization = 8601-2004
guidelines®® and adjusted for incomplete weekly death
statistics in 2020. The age and sex specific adjustment
coefficients for incompleteness were calculated using
the average annual ratio of the Short-term Mortality
Fluctuations data (ie, sum of weekly death counts) to
annual death counts during the past five years.

In the absence of detailed mortality data by granular
age groups, especially at young ages (eg, <1, 1-4 years)
and old ages (eg, 85-89, 90-94 years) for 2020 in Short-
term Mortality Fluctuations, we split aggregated age
groups using distribution of forecasted death counts
from the Human Mortality Database (fig 1). Details of
the methodology have been published previously.>®
We checked the accuracy of life expectancy estimates
depending on granular or broad age intervals in the
Short-term Mortality Fluctuations data and found
only small deviations, even for broad age scales (see
supplementary file for details of the methodology,
including sensitivity analysis, and supplementary
figures S1 and S2). For 2015 data, we used annual
death counts and population exposures by five year
age groups from the Human Mortality Database.

We derived life expectancy from abridged life tables,
which were constructed using standard life table
methodology.”” ! The supplementary file provides
details of the methodology.

To attribute an equal lifetime loss produced by a
death at the same age across the countries,* ** we
calculated the YLL from the World Health Organization
standard life table using the methodology developed
by the Global Burden of Disease, Injuries and Risk
Factor study.*’ ** The equation in figure 2 was used to
estimate the YLL.

A STMF
D
y

(x,x+a)=DySTMF(x,x+b)'
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Calculation of changes in life expectancy at birth
and YLL in 2015 and 2020

Within each country, sex, and age groups, the reduction
in life expectancy was calculated as the difference
between the observed and expected life expectancy
in 2020. The expected life expectancy for 2020 was
based on Lee-Carter forecasting using observed 2005-
19 data.’® Similarly, the expected YLL was computed
for 2020, and excess YLL was calculated as the
difference between observed and expected YLL within
each country, sex, and age group. The sum of the
excess YLL across the age groups, separately by sex,
was used to estimate country specific total excess YLL
and excess YLL (per 100000 population) in 2020. As
recommended, the excess YLL estimates were rounded
to three significant digits to avoid spurious accuracy.

We estimated statistical uncertainty using a
bootstrap method. Following a standard demographic
approach, we did not calculate confidence intervals for
life expectancy and YLL at the national level. Thus, we
considered the mortality forecast as the only source of
statistical uncertainty. The confidence intervals were
based on the sample of 5000 iterations generated:
firstly, we derived a distribution of age specific
forecasted mortality rates and then we generated a
random set of age specific death rates and calculated
our variables of interest (life expectancy, YLL, and
changes in life expectancy and YLL in 2020). The
2.5th quantile and the 97.5th quantile of the bootstrap
distribution for each statistic were used as the 95%
confidence intervals. The procedure was applied
independently to each country and sex strata.

Our reference period for predicting mortality in
2020 is longer than the period of 2015-19 used in
several earlier studies. The period 2015-19 includes
substantial increases in mortality during the winters
of 2015, 2017, and 2018 that contributed to an
attenuation of the mortality improvements in many
developed countries in these years.***” Consequently,
the choice of 2015-19 as a reference period might
result in artificially increased baseline mortality levels
and underestimation of losses in life expectancy and
excess YLLs in 2020.

To put our findings into context, we also calculated
the change in life expectancy and the YLL associated
with the seasonal influenza epidemic in 2015 following
the same methodology using data between 2000 and
2014 as the reference period. We chose 2015 as a
comparator to 2020 because in 2015 the 37 countries
under study experienced the smallest average annual

D (x x+a)
Dy(x, X +Db)

Where DySTMF(x, x + b) denotes number of deaths in age interval [x, x + b) in the Short-term Mortality
Fluctuations (STMF); D (x, x + a) is forecasted number of deaths in age interval [x, x +a) in yeary,
and Dy(x, x + b} is forecasted number of deaths in ageinterval [x, x +b) in yeary,
estimated using information from the Human Mortality Database

Fig 1| Equation for splitting aggregated age groups using distribution of forecasted death counts in the Human

Mortality Database
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YLL D xSLE,

csat csat

Where D___is number of deaths in country ¢, sex s, age a, and calendar year t, and SLE,
is the World Health Organization global health estimates standard life expectancy at age a*

Fig 2 | Equation used to estimate years of life lost (YLL)

improvement in mortality among all years between
2005 and 2019, coinciding with a noticeable increase
in mortality during winter.*> 48 4°

Decomposition of life expectancy losses in the US,
Lithuania, Poland, and Spain
Earlier research? * including our preliminary analysis
showed the highest life expectancy losses in the US
compared with other OECD (Organisation for Economic
Co-operation and Development) countries in 2020. Our
previous study on excess mortality, however, reported
the highest excess crude death rates in Lithuania,
Poland, Spain, Hungary, Italy, Belgium, Slovenia,
England and Wales, and Czech Republic, followed by
the US.?? To explain these important discrepancies,
we conducted an exploratory decomposition analysis
of the life expectancy losses of 2020 in the US, and
three countries with highest excess crude death rates
in 2020 (Lithuania, Poland, and Spain) using the
Andreev-Arriaga-Pressat method.”®>?

Statistical analyses were done using R (version 4.1.0)
in RStudio. The Lee-Carter forecast was performed
using the R package demography.>*

Patient and public involvement
Patients and the public were not involved in this study
because of the ongoing covid-19 pandemic.

Results

Changes in life expectancy in 2020

In all the countries between 2005 and 2019, an
increasing trend was observed in life expectancy at
birth, both in men and women (supplementary figure
S3). However, most countries showed a reduction
in life expectancy in 2020, with the largest overall
reduction in life expectancy at birth (in years) in Russia
(-2.32, 95% confidence interval —2.55 to -2.11), the
US (1.98, -2.16 to 1.82), Bulgaria (-1.75, —2.09 to
-1.41), Lithuania (-1.61, -1.92 to —-1.29), and Poland
(-1.36, -1.55 to —1.17). Reductions in life expectancy
in Italy, Spain, and England and Wales were -1.35
(-1.72 to -0.99), -1.27 (-1.57 to —-0.99), and -1.02
(-1.27 to —0.78), respectively. In contrast, a gain in life
expectancy was observed in New Zealand (0.66, 0.41
to 0.89) and Taiwan (0.35, 0.14 to 0.54); no evidence
was found of a change in life expectancy in South
Korea (0.11, -0.09 to 0.30), Norway (0.07, —-0.03 to
0.17), or Denmark (-0.09, —0.24 to 0.06) (fig 3).

In all countries but Luxembourg, men had a higher
reduction in life expectancy at birth than women. The
reduction in life expectancy in men was highest in Russia
(-2.33,-2.50t0-2.17), the US (-2.27,-2.39 to -2.15),
Bulgaria (-1.96, -2.11 to -1.81), Lithuania (-1.83,
-2.07 to -1.59), and Chile (-1.64, -1.97 to -1.32). In

women, the reduction in life expectancy was highest in
Russia (-2.14, -2.25 to -2.03), the US (-1.61, -1.70
to -1.51), Bulgaria (-1.37, —1.74 to —1.01), Lithuania
(-1.21, -1.36 to -1.05), and Spain (-1.13, -1.37 to
-0.90) (fig 3 and supplementary table S2).

Changes in years of life lost in 2020

Years of life lost declined in most countries in both
men and women between 2005 and 2019, except
Canada, Greece, Scotland, Taiwan, and the US (fig 4).
The observed YLL in 2020 was higher than expected in
all countries except Taiwan and New Zealand, where
there was a reduction in YLL, and Iceland, South
Korea, Denmark, and Norway, where there was no
evidence of a change in YLL in 2020. In the remaining
31 countries, more than 222 million (130 million in
men and 92.6 million in women) years of life were
lost in 2020, which is 28.1 million (95% confidence
interval 26.8m to 29.5m) YLL higher than expected.
The excess YLL in men and women were 17.3 million
(16.8m to 17.8m) and 10.8 million (10.4m to 11.3m),
respectively.

In men and women combined, excess YLL (per
100000) were highest in Russia (5810, 95%
confidence interval 5280 to 6340), Bulgaria (5440,
4460 to 6420), Lithuania (3940, 3200 to 4680), the
US (3380, 3160 to 3610), and Poland (2800, 2430
to 3170), with a higher rate in men than women. The
highest excess YLL per 100000 in men were observed
in Bulgaria (7260, 6820 to 7710), Russia (7020,
6550 to 7480), Lithuania (5430, 4750 to 6070), the
US (4350, 4170 to 4530), and Poland (3830, 3540 to
4120); excess YLL in women were highest in Russia
(4760, 4530 to 4990), Bulgaria (3730, 2740 to 4730),
Lithuania (2640, 2310 to 2980), the US (2430, 2320
to 2550), and Hungary (1920, 1590 to 2240) (fig 5 and
supplementary table S3).

Supplementary figure S4 shows the trend of YLL
during 2005-20 by age and sex. Figure 6 shows the
excess YLL in 2020 by age and sex. In general, excess
YLL increased with age, both in men and women.
However, Finland, Iceland, New Zealand, South
Korea, and Taiwan had lower than expected YLL in
the elderly population (=80 years). These countries
had a small increase, or a decrease, in YLL in other age
groups as well (fig 6). Excess YLL rate was generally
lower in people younger than 65 years, except in
Russia (3290, 2780 to 3810), Bulgaria (2650, 2220
to 3070), Lithuania (2580, 1790 to 3410), and the
US (2390, 2280 to 2510), with excess YLL rate >2000
per 100000. The ratio of YLL rate between people
aged <65 and =65 years was 0.2 or higher in Estonia,
Canada, Scotland, the US, Lithuania, and Chile (see
supplementary table S4).
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Fig 3 | Changes in life expectancy at birth associated with covid-19 pandemic in 2020. Change is calculated as the difference between observed and

expected life expectancy, estimated using the Lee-Carter model®’

Age components of life expectancy losses in US and
comparator countries, 2020

Figure 7 shows age components of the life expectancy
losses in the US, Lithuania, Poland, and Spain in
men and women produced by differences between
the observed and expected age specific death rates by
age intervals 0-14, 15-54, 55-64, 65-74, and 275. In
the US and Lithuania it appears that mortality excess
in people younger than 65 years, particularly among
men, was responsible for a high proportion of the
total losses in life expectancy: the respective values
for men and women were 62% and 42% in the US and

thelbmj | BMJ2021;375:066768 | doi: 10.1136/bmj-2021-066768

58% and 44% in Lithuania. Corresponding values in
Poland were 27% and 8% and in Spain were 26% and
15%. These two countries, especially Spain, showed
an expected pattern, with the dominating role of older
ages as a driver of losses in life expectancy.

Changes in life expectancy and years of life lost:
covid-19 (2020) v influenza epidemic (2015)

Most countries experienced a reduction in life
expectancy in 2015, but the reduction in 2020 was
substantially greater than that in 2015. Most countries
had excess YLL during the seasonal influenza epidemic
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Fig 4 | Years of life lost (YLL) per 100 000 during 2005-20

in 2015, except Chile, Estonia, Luxembourg, Latvia,
Finland, New Zealand, Russia, and Taiwan (fig 8 and fig
9). The rate of excess YLL was, however, much higher in
most countries during the covid-19 pandemic in 2020
compared with the seasonal influenza epidemic in
2015. Overall, the excess YLL in the 37 countries was
5.5 times higher during the covid-19 pandemic (2510
per 100000, 95% confidence interval 2390 to 2630
per 100000) in 2020 than the excess YLL associated

with the seasonal influenza epidemic in 2015 (458,
325 to 592), with an absolute difference of 2050 years
of life lost per 100 000.

Discussion

In this global comparative study of 37 countries, a
reduction in life expectancy was found in men and
women in all countries except New Zealand, Taiwan,
and Norway, where there was a gain in life expectancy
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Fig 5 | Excess years of life lost (YLL) in 2020 (per 100 000). Change is calculated as the difference between observed and expected life expectancy

estimated using Lee-Carter model**

in 2020. We found no evidence of a change in life
expectancy in 2020 in Denmark, Iceland, and South
Korea. The highest reduction in life expectancy in men
was observed in Russia, the US, Bulgaria, Lithuania,
and Chile; the highest reduction in women was
observed in Russia, the US, Bulgaria, Lithuania, and
Spain. Years of life lost were higher than expected in
all countries except Taiwan, New Zealand, Iceland,
Denmark, South Korea, and Norway. In the remaining
31 countries, about 28 million excess years of life
were lost in 2020 (17 million in men and 11 million
in women). The highest excess YLL in both men and

thelbmj | BMJ2021;375:066768 | doi: 10.1136/bmj-2021-066768

women were observed in Russia, Bulgaria, Lithuania,
the US, and Poland. The excess YLL rate was relatively
low in people younger than 65 years, except in Russia,
the US, Lithuania, and Bulgaria. The excess YLL rates
associated with the covid-19 pandemic in 2020 were
more than five times higher than those associated with
the seasonal influenza epidemic in 2015.

Comparison with previous literature

Country specific estimates of life expectancy, largely
based on partial data in 2020, have been reported
for the US,*” ?® England and Wales,?” and Spain.?
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In the US, the trajectory of life expectancy at birth
during 2010-20 reported in our study is similar to
that reported by the Centers for Disease Control and
Prevention (CDC).”” Drawing on data from the first
half of 2020, this study reported a life expectancy
of 77.8 years in the US,”’ whereas the estimated
life expectancy at birth in our study was 77.4 years.
Similarly, our estimates of life expectancy at birth were
74.6 years in men and 80.3 years in women, which

was slightly lower than those reported in the CDC study
(75.1 and 80.5 years, respectively).?” These differences
could be due to a varying timeline used to estimate life
expectancy—the CDC study used data up to June 2020,
whereas we used data for the full year. Moreover, our
earlier study showed that the excess death rates in the
younger age groups (15-64 years) increased during
the latter months in 2020 (especially during October-
December).??
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In Aburto and colleagues’ study of England and
Wales, using data up to the 47th week (ending 20
November) of 2020, the estimated life expectancy was
82.6 years in women and 78.7 years in men.”’ These
findings are almost identical to the estimates from our
study (82.7 and 78.7 years, respectively).

Using data up to 5 July 2020, a previous study
reported an estimated life expectancy of 79.5 and
85.0 years in men and women, respectively, in Spain
in 2020.%° These estimates are almost identical to
those from our study (79.6 and 85.0 years in men and
women, respectively).

Multi-country life expectancy estimates and analyses
of life expectancy losses across countries have recently
been published.’® In particular, the Eurostat has
published preliminary estimates of life expectancy
at birth for member countries of the European Union.
Comparison between these estimates and our estimates
was possible for 26 countries. For 21 countries, the
differences were 0.1 years or lower (in both men and
women), which is attributable to different methods
for building abridged life tables and some remaining
incompleteness of mortality data. The largest deviations
(0.3 years) were seen in the small populations of
Iceland, Latvia, and Luxembourg as well as Finland.
However, the updated life expectancy estimates by
Statistics Finland are similar to our estimates.>®

A previous analysis reported the change in life
expectancy across 29 developed countries.’®> Our

thelbmj | BMJ2021;375:066768 | doi: 10.1136/bmj-2021-066768

analysis includes eight additional countries. We were
able to include data from Canada, Israel, South Korea,
New Zealand, Luxembourg, and Latvia because we
applied a more efficient procedure for estimation of the
detailed mortality age distributions that fully exploited
all available data from the Human Mortality Database.
Taiwan was included because updates to Short-term
Mortality Fluctuations allowed us to fill former data
gaps. Russia was included because Russian data
for 2020 has recently been included in Short-term
Mortality Fluctuations. Data for these additional eight
countries allowed us to observe most of the range of
losses in life expectancy in developed countries as well
as to highlight the favourable situation in New Zealand,
Taiwan, and South Korea. For the subset of 29 countries
present in both the studies, the life expectancy losses
are in a good agreement with a Spearman’s correlation
coefficient of 0.94 between the two rankings.

Most of the studies that reported on YLL used deaths
with covid-19 to estimate potential YLL.* 3°3? One
earlier study examined the change in YLL due to excess
deaths from all causes in 19 developed countries.?® All
these studies, however, used country specific remaining
life expectancies, and in this sense the estimated YLL
are not comparable across the countries. Since deaths
with covid-19 might result in an underestimation or,
in some cases, overestimation of the overall impact of
the pandemic on deaths and YLL, our estimates are
not directly comparable to these estimates. One study
estimated 20.5 million YLL in 81 countries based on
projected deaths with covid-19,%> whereas our study
estimated 28.1 million YLL in only 31 countries. These
findings suggest a substantial underestimation of the
overall impact on premature mortality if the estimates
are based solely on deaths with covid-19 or when the
estimation of YLL uses country specific life tables, or
both. Moreover, covid-19 mortality data are often not
disaggregated by age at the levels (eg, five year age
categories) required for an accurate estimation of life
expectancy and premature deaths.

With a much lower reported number of deaths with
covid-19 (n=1613) in Lithuania, the estimated excess
YLL were higher than in most of the countries (except
Bulgaria and Hungary), as were the estimated excess
deaths in a previous study.”? Our study found that
the additional years of life lost associated with the
covid-19 pandemic in 2020 were higher than those
associated with the seasonal influenza epidemic in
2015, which is consistent with a previous report.*?
Our finding of comparable or lower than expected YLL
in 2020 in Taiwan, New Zealand, Iceland, and South
Korea could be attributed to the successful pandemic
elimination policies of these countries, including
evidence based population health interventions.’’ 2
Taiwan and New Zealand also had lower than expected
YLL during the seasonal influenza epidemic in 2015.
Exploring the precise reasons for this is beyond the
scope of this study but could potentially be related
to policy interventions, including seasonal influenza
vaccine coverage and systemic resilience of the public
health policy instruments.> ® Public health policy
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Fig 8 | Changes in life expectancy during covid-19 pandemic in 2020 compared with seasonal influenza epidemic in 2015

10

interventions aimed at reducing the transmission of
SARS-CoV-2' might have had other indirect effects
(eg, a reduction in deaths from other causes, such
as influenza and other respiratory infections, air
pollution, road traffic incidents) contributing to an
overall reduction in YLL in 2020.

Strengths and limitations of this study

In addition to using the two major public health
measures reflecting prematurity of death and
accounting for trends, a key strength of our study was
use of validated and standardised mortality data from
authoritative national agencies to ensure comparability

across countries and time. Rather than relying on
deaths with covid-19, we used all cause mortality
data in our analysis, which are less sensitive to coding
error and misclassification in attributing the cause
of deaths. We also estimated the expected YLL based
on 15 years of historical data and applied a validated
analytical approach that enables a more effective use
of available data from the Human Mortality Database,
which in turn allowed us to include more countries
in the analysis. Rather than using an arbitrary age
threshold, we used WHO standard life expectancy to
enable international comparison of YLL following
the standard methodology in the Global Burden of

doi: 10.1136/bmj-2021-066768 | BMJ 2021;375:e066768 | thebmj
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Fig 9 | Changes in years of life lost (YLL) (per 100 000) during covid-19 pandemic in 2020 compared with seasonal influenza epidemic in 2015
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Disease, Injuries and Risk Factor study.*® ** Our study
does, however, have some limitations. Firstly, our
study was restricted to countries with reliable data
for the whole study period of 2000-20. Therefore, we
did not include most countries from Asia, Africa, and
Latin America. Our assumption of a no migration for
population projection, when applicable, might not
be generalisable to analyses at subnational levels.
We also could not examine the variation in excess
YLL by other critically important factors, such as
socioeconomic status and race or ethnicity.®*"!
Previous studies also reported regional variability in
reduction in life expectancy, such as in Spain,?® but

doi: 10.1136/bmj-2021-066768

we did not have detailed regional data to examine this
important heterogeneity. Our study only reports the
extent of premature lives lost in 2020. As of October
2021, however, the covid-19 pandemic is not yet over,
and therefore future studies should estimate the long
term burden of the pandemic.

Policy implications and future directions

Our findings extend the existing literature on the
direct and indirect effects of the covid-19 pandemic
and associated policy measures.?? Our results strongly
justify a more nuanced estimation of the lives lost
beyond excess mortality. For example, with a similar

1
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burden of excess deaths per 100000 in Spain and
the US (161 and 160, respectively),?” excess YLL (per
100 000) was substantially higher in the US (3400) than
in Spain (1900), indicating higher numbers of deaths
at younger ages in the US compared with Spain.*?
Indeed, the ratio of YLL rate in people aged <65 and
265 years at death was 0.29 in the US, whereas it was
only 0.07 in Spain. Despite a lower excess death rate
than Lithuania, Poland, and Spain,®* the reduction in
life expectancy in the US was higher than in these three
countries. A full examination of this phenomenon is
beyond the scope of the current study. Nevertheless,
the decomposition analysis of the life expectancy
losses in these four countries reveals particularly large
contributions to the reduction of life expectancy from
increases in mortality at ages younger than 65 years in
the US. However, our analyses were not able to identify
whether these excess deaths were directly caused by
SARS-CoV-2 or were related to other causes of deaths.
The highest reduction in life expectancy, and highest
increase in YLL, largely occurred in countries where the
baseline life expectancy was relatively low. Therefore,
baseline health status could have contributed to these
results. Widespread ethnic inequality in the US, as
reported previously, might have contributed to high
YLL in the US.* Future studies should conduct an in-
depth examination to disentangle these factors.

Our findings of a comparable or lower than expected
YLL in Taiwan, New Zealand, Denmark, Iceland,
Norway, and South Korea underscore the importance of
successful viral suppression and elimination policies,
including targeted and population based public
health policy interventions.””®* A comprehensive
pandemic preparedness aimed at more resilient health
systems could be key to tackling the impact of future
pandemics.’ © Quantifying the effects of specific policy
interventions on the reduction of premature deaths
will help inform future policy intervention. As many of
the effects of the pandemic might take a longer time
frame to have a measurable effect on human lives,
continuous and timely monitoring of excess YLL would
help identify the sources of excess mortality and excess
YLL in population subgroups.”?

AUTHOR AFFILIATIONS
!Clinical Trial Service Unit and Epidemiological Studies Unit (CTSU),

Nuffield Department of Population Health, Big Data Institute,
University of Oxford, Oxford, UK

’Max Planck Institute for Demographic Research, Rostock, Germany

’International Laboratory for Population and Health, National
Research University Higher School of Economics, Moscow, Russian
Federation

“Diabetes Research Centre, University of Leicester, Leicester, UK
°NIHR Applied Research Collaboration—East Midlands, Leicester
General Hospital, Leicester, UK

Department of Social and Behavioral Sciences, Harvard T.H. Chan
School of Public Health, Harvard University, Boston, MA, USA
"MRC Epidemiology Unit, University of Cambridge, Cambridge, UK
SMRC Population Health Research Unit, Nuffield Department of
Population Health, University of Oxford, Oxford, UK

Contributors: NI conceived the study with input from the coauthors.
MW, SL, and BL are the co-senior authors. NI and DAJ conducted the

statistical analysis. NI wrote the first draft. All the authors provided
critical scholarly feedback on the manuscript. All the co-authors

approved of the final version of the manuscript. NI and DA are the
guarantors. The corresponding author attests that all listed authors
meet authorship criteria and that no others meeting the criteria have
been omitted.

Funding: No specific funding was received for this study. NI receives
salary support from the Nuffield Department of Population Health,
University of Oxford. BL acknowledges support from UK Biobank,
the National Institute for Health Research (NIHR) Oxford Biomedical
Research Centre, and the British Heart Foundation (BHF) Centre of
Research Excellence, Oxford. MW is supported by the Centre for

Diet and Activity Research, a UK Clinical Research Collaboration
(UKCRQ) Public Health Research Centre of Excellence Funding from
the BHF, Cancer Research UK, Economic and Social Research Council,
Medical Research Council (MRC), NIHR, and Wellcome Trust, under
the auspices of the UKCRC. MW is also supported by the MRC (grant
Nos MC_UU_12015/6 and MC_UU_00006/7). VMS and JDA were
partially supported by the Basic Research Program of the National
Research University Higher School of Economics. KK is supported by
the NIHR Applied Research Collaboration East Midlands and the NIHR
Leicester Biomedical Research Centre. DAJ is partially supported by
Volkswagen Foundation (project “Strengthening a reliable evidence
base for monitoring the COVID-19 and other disasters”). Employers
and sponsors had no role in considering the study design or in the
collection, analysis, interpretation of data, writing of the report, or
decision to submit the article for publication. The views expressed in
this article are those of the authors and not necessarily those of the
entities the authors are affiliated with or supported by.

Competing interests: All authors have completed the ICMJE uniform
disclosure form at www.icmje.org/coi_disclosure.pdf and declare:
NI, SL, and VMS are the members of the WHO-UN DESA Technical
Advisory Group on Covid-19 mortality assessment. NI, SL, and BL are

employed by the Clinical Trial Service Unit and Epidemiological Studies

Unit, which receives research grants from industry that are governed
by University of Oxford contracts that protect its independence and
has a staff policy of not taking personal payments from industry;
further details can be found at www.ndph.ox.ac.uk/files/about/
ndph-independence-of-research-policy-jun-20.pdf. SL reports grants
from the Medical Research Council (MRC), and research funding from
the US Centers for Disease Control and Prevention Foundation (with
support from Amgen) unrelated to this study. MW reports research
funding from the British Heart Foundation, Cancer Research UK,
Economic and Social Research Council, Medical Research Council,
National Institute for Health Research, and Wellcome Trust unrelated
to this study. KK is a member of the UK Scientific Advisory Group for
Emergency (SAGE), and Independent SAGE; no support from any
organisation for the submitted work.

Ethical approval: Not required.

Data sharing: All the data used in this study are publicly available
and properly cited. However, we plan to add the analytical codes
available on a publicly available repository for reproducibility. More
guided instruction to get access to the data for transparency and
reproducibility will be provided on request made to the corresponding
author at nazrul.isam@ndph.ox.ac.uk

The study guarantors (NI and DA)) affirm that the manuscript is

an honest, accurate, and transparent account of the study being
reported; that no important aspects of the study have been omitted;
and that any discrepancies from the study as planned (and, if relevant,
registered) have been explained.

Dissemination to participants and related patient and public
communities: We will disseminate the findings to members of the
public through press releases, institutional websites, and repositories,
as well as personal communications, and social communication
platforms. We also plan to write a BMJ Opinion article to describe it in
more general terms for the members of the public.

Provenance and peer review: Not commissioned; externally peer
reviewed.

This is an Open Access article distributed in accordance with the
terms of the Creative Commons Attribution (CC BY 4.0) license, which
permits others to distribute, remix, adapt and build upon this work,
for commercial use, provided the original work is properly cited. See:
http://creativecommons.org/licenses/by/4.0/.

1 Islam N, Sharp SJ, Chowell G, et al. Physical distancing interventions
and incidence of coronavirus disease 2019: natural experiment in
149 countries. BM/ 2020;370:m2743. d0i:10.1136/bmj.m2743

2 Remuzzi A, Remuzzi G. COVID-19 and ltaly: what next? Lancet
2020;395:1225-8.d0i:10.1016/S0140-6736(20)30627-9

doi: 10.1136/bmj-2021-066768 | BMJ 2021;375:e066768 | thebmj

1ybuAdoo
Ag pa1osloid “gr YiresH dsoH uso uoldweyinos 1e gzoz 18go1o0 TT Uo /wod g -mmmy/:dny woly papeojumod "TZ0Z J18qWBAON € U0 89/990-T202-IWag/9eTT 0T St paysignd 1si :CINg


http://www.icmje.org/coi_disclosure.pdf
http://www.ndph.ox.ac.uk/files/about/ndph-independence-of-research-policy-jun-20.pdf
http://www.ndph.ox.ac.uk/files/about/ndph-independence-of-research-policy-jun-20.pdf
http://creativecommons.org/licenses/by/4.0/
http://www.bmj.com/

RESEARCH

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Legido-Quigley H, Asgari N, Teo YY, et al. Are high-performing
health systems resilient against the COVID-19 epidemic? Lancet
2020;395:848-50. d0i:10.1016/50140-6736(20)30551-1
Ranney ML, Griffeth V, Jha AK. Critical Supply Shortages - The Need
for Ventilators and Personal Protective Equipment during the
Covid-19 Pandemic. N Engl/ Med 2020;382:e41. doi:10.1056/
NEJMp2006141

Leung CC, Lam TH, Cheng KK. Mass masking in the COVID-19
epidemic: people need guidance. Lancet 2020;395:945.
doi:10.1016/S0140-6736(20)30520-1

Chu DK, Akl EA, Duda S, Solo K, Yaacoub S, Schiinemann HJ,
COVID-19 Systematic Urgent Review Group Effort (SURGE) study
authors. Physical distancing, face masks, and eye protection to

prevent person-to-person transmission of SARS-CoV-2 and COVID-19:

a systematic review and meta-analysis. Lancet 2020;395:1973-87.
doi:10.1016/S0140-6736(20)31142-9.

Han E, Tan MM/, Turk E, et al. Lessons learnt from easing COVID-19
restrictions: an analysis of countries and regions in Asia Pacific

and Europe. Lancet 2020;396:1525-34. doi:10.1016/S0140-
6736(20)32007-9

Godderis L, Luyten ). Challenges and opportunities for occupational
health and safety after the COVID-19 lockdowns. Occup Environ
Med 2020;77:511-2. d0i:10.1136/0emed-2020-106645
Qureshi Al, Huang W, Khan S, et al. Mandated societal lockdown
and road traffic accidents. Accid Anal Prev 2020;146:105747.
doi:10.1016/j.aap.2020.105747

Holmes EA, O’Connor RC, Perry VH, et al. Multidisciplinary research
priorities for the COVID-19 pandemic: a call for action for mental
health science. Lancet Psychiatry 2020;7:547-60. doi:10.1016/
$2215-0366(20)30168-1

Galea S, Merchant RM, Lurie N. The Mental Health Consequences
of COVID-19 and Physical Distancing: The Need for Prevention and
Early Intervention. JAMA Intern Med 2020;180:817-8. doi:10.1001/
jamainternmed.2020.1562

Morris EJA, Goldacre R, Spata E, et al. Impact of the COVID-19
pandemic on the detection and management of colorectal cancer
in England: a population-based study. Lancet Gastroenterol
Hepatol 2021;6:199-208. doi:10.1016/52468-1253(21)00005-4
Mansfield KE, Mathur R, Tazare J, et al. Indirect acute effects of

the COVID-19 pandemic on physical and mental health in the UK:

a population-based study. Lancet Digit Health 2021;3:e217-30.
doi:10.1016/52589-7500(21)00017-0

Ball S, Banerjee A, Berry C, et al, CVD-COVID-UK Consortium.
Monitoring indirect impact of COVID-19 pandemic on services

for cardiovascular diseases in the UK. Heart 2020;106:1890-7.
doi:10.1136/heartjnl-2020-317870

Beaney T, Clarke JM, Jain V, et al. Excess mortality: the gold
standard in measuring the impact of COVID-19 worldwide?/ R Soc
Med 2020;113:329-34.doi:10.1177/0141076820956802

Ing E, Xu AQ, Salimi A. Physician Deaths from Corona Virus Disease
(COVID-19). Rochester, NY: Social Science Research Network2020.
doi:10.2139/s5rmM.3566141

Raleigh VSU. UK’s record on pandemic deaths.

BMJ 2020;370:m3348. doi:10.1136/bmj.m3348

National Center for Health Statistics. Excess Deaths Associated with
COVID-19. 2021. www.cdc.gov/nchs/nvss/vsrr/covid19/excess_
deaths.htm (accessed 23 Feb 2021).

Public Health England. Excess mortality in England, week ending 25
December 2020.

Office for National Statistics. Deaths registered weekly in England and
Wales, provisional - Office for National Statistics.

Kontis V, Bennett JE, Rashid T, et al. Magnitude, demographics

and dynamics of the effect of the first wave of the COVID-19
pandemic on all-cause mortality in 21 industrialized countries. Nat
Med 2020;26:1919-28.d0i:10.1038/541591-020-1112-0

Islam N, Shkolnikov VM, Acosta R}, et al. Excess deaths associated
with covid-19 pandemic in 2020: age and sex disaggregated time
series analysis in 29 high income countries. BM/ 2021;373:n1137.
doi:10.1136/bmj.n1137

Pifarré | Arolas H, Acosta E, L6pez-Casasnovas G, et al. Years of

life lost to COVID-19 in 81 countries. Sci Rep 2021;11:3504.
doi:10.1038/541598-021-83040-3.

WHO. WHO methods and data sources for global burden of disease
estimates 2000-2011. Geneva, WHO. 2013.

Woolf SH, Masters RK, Aron LY. Effect of the covid-19 pandemic in
2020 on life expectancy across populations in the USA and other
high income countries: simulations of provisional mortality data.
BMJ2021;373:n1343. doi:10.1136/bmj.n1343

Trias-Llim6s S, Riffe T, Bilal U. Monitoring life expectancy levels
during the COVID-19 pandemic: Example of the unequal impact of
the first wave on Spanish regions. PLoS One 2020;15:€0241952.
doi:10.1371/journal.pone.0241952

Arias E. Provisional Life Expectancy Estimates for January

through June, 2020. National Center for Health Statistics, 2021.
doi:10.15620/cdc:100392

thelbmj | BMJ2021;375:066768 | doi: 10.1136/bmj-2021-066768

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Andrasfay T, Goldman N. Reductions in 2020 US life

expectancy due to COVID-19 and the disproportionate impact

on the Black and Latino populations. Proc Natl Acad Sci U S
A2021;118:2014746118.doi:10.1073/pnas.2014746118
Aburto JM, Kashyap R, Scholey J, et al. Estimating the burden of

the COVID-19 pandemic on mortality, life expectancy and lifespan
inequality in England and Wales: a population-level analysis. /
Epidemiol Community Health 2021;75:735-40. doi:10.1136/jech-
2020-215505.

Mitra AK, Payton M, Kabir N, Whitehead A, Ragland KN, Brown A.
Potential Years of Life Lost Due to COVID-19 in the United States,
Italy, and Germany: An Old Formula with Newer Ideas. Int/ Environ
Res Public Health 2020;17:E4392. d0i:10.3390/ijerph17124392
Quast T, Andel R, Gregory S, Storch EA. Years of life lost associated
with COVID-19 deaths in the USA during the first year of the
pandemic. / Public Health (Oxf) 2021;12:fdab123. doi:10.1093/
pubmed/fdab123

Krelle H, Tallack C. One year on: Three myths about COVID-19 that the
data proved wrong. United Kingdom: The Health Foundation, 2021.
https://www.health.org.uk/publications/long-reads/one-year-on-
three-myths-about-COVID-19-that-the-data-proved-wrong (accessed
4 May 2021).

Aburto JM, Schéley J, Kashnitsky I, et al. Quantifying impacts of the
COVID-19 pandemic through life expectancy losses: a population-
level study of 29 countries. IntJ Epidemiol 2021;dyab207.
doi:10.1093/ije/dyab207

Wilmoth JR, Andreev K, Jdanov D, et al. Methods protocol for the
human mortality database. University of California, Berkeley, and Max
Planck Institute for Demographic Research, Rostock, Germany, 2020.
https://www.mortality.org/Public/Docs/MethodsProtocol.pdf
Barbieri M, Wilmoth JR, Shkolnikov VM, et al. Data Resource

Profile: The Human Mortality Database (HMD). IntJ

Epidemiol 2015;44:1549-56. doi:10.1093/ije/dyv105

Jdanov DA, Galarza AA, Shkolnikov VM, et al. The short-term mortality
fluctuation data series, monitoring mortality shocks across time and
space. Sci Data 2021;8:235. d0i:10.1038/541597-021-01019-1
Németh L, Jdanov DA, Shkolnikov VM. An open-sourced, web-

based application to analyze weekly excess mortality based

on the Short-term Mortality Fluctuations data series. PLoS

One 2021;16:€0246663. doi:10.1371/journal.pone.0246663
Human Mortality Database. Short-term Mortality Fluctuations

data series: metadata. Methods protocol for the human mortality
database. University of California, Berkeley, and Max Planck Institute
for Demographic Research, Rostock, Germany, 2020. https://www.
mortality.org/Public/STMF_DOC/STMFNote.pdf

Lee RD, Carter LR. Modeling and Forecasting U. S. Mortality. / Am Stat
Assoc 1992;87:659-71. doi:10.2307/2290201

Preston SH, Heuveline P, Guillot M. Demography: measuring and
modeling population processes. Blackwell Publishers, 2001.

Coale AJ, Demeny PG, Vaughan B. Regional model life tables and
stable populations. 2nd ed. Academic Press, 1983.
Devleesschauwer B, McDonald SA, Speybroeck N, Wyper GMA.
Valuing the years of life lost due to COVID-19: the differences and
pitfalls. IntJ Public Health 2020;65:719-20. d0i:10.1007/s00038-
020-01430-2

Martinez R, Soliz P, Caixeta R, Ordunez P. Reflection on modern
methods: years of life lost due to premature mortality-a versatile and
comprehensive measure for monitoring non-communicable disease
mortality. IntJ Epidemiol 2019;48:1367-76. doi:10.1093/ije/dyy254
Murray CJ, Ezzati M, Flaxman AD, et al. GBD 2010: design, definitions,
and metrics. Lancet 2012;380:2063-6. d0i:10.1016/S0140-
6736(12)61899-6

Nielsen J, Vestergaard LS, Richter L, et al. European all-cause

excess and influenza-attributable mortality in the 2017/18 season:
should the burden of influenza B be reconsidered? Clin Microbiol
Infect 2019;25:1266-76.d0i:10.1016/j.cmi.2019.02.011

Fowler T, Southgate R), Waite T, et al. Excess winter deaths

in Europe: a multi-country descriptive analysis. Eur / Public

Health 2015;25:339-45. doi:10.1093/eurpub/cku073

European Centre for Disease Prevention and Control. Summary of the
influenza 2014-2015 season in Europe. European Centre for Disease
Prevention and Control 2015. https://www.ecdc.europa.eu/en/
publications-data/summary-influenza-2014-2015-season-europe
(accessed 14 Sep 2021).

Ho JY, Hendi AS. Recent trends in life expectancy across high income
countries: retrospective observational study. BMJ 2018;362:k2562.
doi:10.1136/bmj.k2562

Leon DA, Jdanov DA, Shkolnikov VM. Trends in life expectancy

and age-specific mortality in England and Wales, 1970-2016, in
comparison with a set of 22 high-income countries: an analysis

of vital statistics data. Lancet Public Health 2019;4:€575-82.
doi:10.1016/S2468-2667(19)30177-X

Andreev E. Metod komponent v analize prodoljitelnosty zjizni[The
method of components in the analysis of length of life]. Vestn
Statistiki 1982;9:42-7.

13

1ybuAdoo
Ag pa1osloid “gr YiresH dsoH uso uoldweyinos 1e gzoz 18go1o0 TT Uo /wod g -mmmy/:dny woly papeojumod "TZ0Z J18qWBAON € U0 89/990-T202-IWag/9eTT 0T St paysignd 1si :CINg


http://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
http://www.cdc.gov/nchs/nvss/vsrr/covid19/excess_deaths.htm
https://www.health.org.uk/publications/long-reads/one-year-on-three-myths-about-COVID-19-that-the-data-proved-wrong
https://www.health.org.uk/publications/long-reads/one-year-on-three-myths-about-COVID-19-that-the-data-proved-wrong
https://www.ecdc.europa.eu/en/publications-data/summary-influenza-2014-2015-season-europe
https://www.ecdc.europa.eu/en/publications-data/summary-influenza-2014-2015-season-europe
http://www.bmj.com/

RESEARCH

51

52

53

54

55

56

57

58

59

60

61

62

Arriaga EE. Measuring and explaining the change in life expectancies.
Demography 1984;21:83-96. d0i:10.2307/2061029

Pressat R. Contribution des écarts de mortalité par age a la
différence des vies moyennes. Popul Fr Ed 1985;40:766-70.
doi:10.2307/1532986

Shkolnikov VM, Valkonen T, Begun A, et al. Measuring inter-group
inequalities in length of life. Genus 2001;57:33-62.

Hyndman RJ. demography: Forecasting Mortality, Fertility,

Migration and Population Data. 2019. https://CRAN.R-project.org/
package=demography

Eurostat. Life expectancy by age and sex. 2021. ec.europa.
eu/eurostat/databrowser/view/DEMO_MLEXPEC/bookmark/
table?lang=en&bookmarkld=eb24a8d3-8cc6-483a-b320-
b7b0f55064f9 (accessed 14 Sep 2021).

Finland S. Official Statistics of Finland (OSF): Deaths 2020. 2021.
www.stat.fi/til/kuol/2020/kuol_2020_2021-04-23_tie_001_
en.html (accessed 14 Sep 2021).

Baker MG, Wilson N, Anglemyer A. Successful Elimination of
Covid-19 Transmission in New Zealand. N Engl /] Med 2020;383:e56.
doi:10.1056/NEJMc2025203

Baker MG, Kvalsvig A, Verrall Al. New Zealand’s COVID-19 elimination
strategy. Med J Aust 2020;213:198-200.e1. doi:10.5694/
mja2.50735

Ng T-C, Cheng H-Y, Chang H-H, et al. Comparison of Estimated
Effectiveness of Case-Based and Population-Based Interventions on
COVID-19 Containment in Taiwan. JAMA Intern Med 2021;181:913-
21.doi:10.1001/jamainternmed.2021.1644

KangJ, Jang YY, Kim J, et al. South Korea’s responses to stop

the COVID-19 pandemic. Am / Infect Control 2020;48:1080-6.
doi:10.1016/j.ajic.2020.06.003

Patterson C. Prepared for the worst — how South Korea fought off
COVID-19. Br. Med. Assoc. Trade Union Prof. Body Dr. UK. https://
www.bma.org.uk/news-and-opinion/prepared-for-the-worst-how-
south-korea-fought-off-covid-19 (accessed 23 Feb 2021).
Scudellari M. How Iceland hammered COVID with science.

Nature 2020;587:536-9. doi:10.1038/d41586-020-03284-3

63

64

65

66

67

68

69

70

71

72

OECD Policy Responses to Coronavirus (COVID-19). A systemic
resilience approach to dealing with Covid-19 and future shocks.
2020. https://www.oecd.org/coronavirus/policy-responses/a-
systemic-resilience-approach-to-dealing-with-covid-19-and-future-
shocks-36a5bdfb/ (accessed 4 Jun 2021).

Islam N, Khunti K, Dambha-Miller H, Kawachi I, Marmot M. COVID-19
mortality: a complex interplay of sex, gender and ethnicity. Eur/
Public Health 2020;30:847-8. doi:10.1093/eurpub/ckaal50

Islam N, Lacey B, Shabnam S, et al. Social inequality and the
syndemic of chronic disease and COVID-19: county-level analysis

in the USA. J Epidemiol Community Health 2021;75:496-500.
doi:10.1136/jech-2020-215626

Rossen LM, Branum AM, Ahmad FB, Sutton P, Anderson RN. Excess
Deaths Associated with COVID-19, by Age and Race and Ethnicity

— United States, January 26—October 3, 2020. MMWR Morb Mortal
Wkly Rep 2020;69:1522-27. doi:10.15585/mmwr.mm6942e2
Platt L, Ross W. Are some ethnic groups more vulnerable to COVID-19
than others? The Institute for Fiscal Studies, 2020.

Khunti K, Platt L, Routen A, Abbasi K. Covid-19 and ethnic minorities:
an urgent agenda for overdue action. BM/ 2020;369:m2503.
doi:10.1136/bm}.m2503

Nafilyan V, Islam N, Mathur R, et al. Ethnic differences in COVID-19
mortality during the first two waves of the Coronavirus Pandemic:

a nationwide cohort study of 29 million adults in England. Eur/
Epidemiol 2021;36:605-17. doi:10.1007/510654-021-00765-1
Nafilyan V, Islam N, Ayoubkhani D, et al. Ethnicity, household
composition and COVID-19 mortality: a national linked data study. /R
Soc Med 2021;114:182-211.doi:10.1177/0141076821999973
Razieh C, Zaccardi F, Islam N, et al. Ethnic minorities and COVID-19:
examining whether excess risk is mediated through deprivation. Eur/
Public Health 2021;31:630-34. do0i:10.1093/eurpub/ckab041
Marmot M, Allen J, Goldblatt P, et al. Fair society, healthy lives. 2011.

Supplementary information: additional information,
tables, and figures

No commercial reuse: See rights and reprints http://www.bmj.com/permissions

Subscribe: http://www.bmj.com/subscribe

1ybuAdoo
Ag pa1osloid “gr YiresH dsoH uso uoldweyinos 1e gzoz 18go1o0 TT Uo /wod g -mmmy/:dny woly papeojumod "TZ0Z J18qWBAON € U0 89/990-T202-IWag/9eTT 0T St paysignd 1si :CINg


https://CRAN.R-project.org/package=demography
https://CRAN.R-project.org/package=demography
http://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC/bookmark/table?lang=en&bookmarkId=eb24a8d3-8cc6-483a-b320-b7b0f55064f9
http://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC/bookmark/table?lang=en&bookmarkId=eb24a8d3-8cc6-483a-b320-b7b0f55064f9
http://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC/bookmark/table?lang=en&bookmarkId=eb24a8d3-8cc6-483a-b320-b7b0f55064f9
http://ec.europa.eu/eurostat/databrowser/view/DEMO_MLEXPEC/bookmark/table?lang=en&bookmarkId=eb24a8d3-8cc6-483a-b320-b7b0f55064f9
http://www.stat.fi/til/kuol/2020/kuol_2020_2021-04-23_tie_001_en.html
http://www.stat.fi/til/kuol/2020/kuol_2020_2021-04-23_tie_001_en.html
https://www.bma.org.uk/news-and-opinion/prepared-for-the-worst-how-south-korea-fought-off-covid-19
https://www.bma.org.uk/news-and-opinion/prepared-for-the-worst-how-south-korea-fought-off-covid-19
https://www.bma.org.uk/news-and-opinion/prepared-for-the-worst-how-south-korea-fought-off-covid-19
https://www.oecd.org/coronavirus/policy-responses/a-systemic-resilience-approach-to-dealing-with-covid-19-and-future-shocks-36a5bdfb/
https://www.oecd.org/coronavirus/policy-responses/a-systemic-resilience-approach-to-dealing-with-covid-19-and-future-shocks-36a5bdfb/
https://www.oecd.org/coronavirus/policy-responses/a-systemic-resilience-approach-to-dealing-with-covid-19-and-future-shocks-36a5bdfb/
http://www.bmj.com/

