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ABSTRACT

The Covid-19 crisis led to several alterations in individuals’ lifestyles and perceptions of risk for
their day-to-day choices. It is important to contextualize the magnitude of impact of the pandemic
so that lessons can be learned, and policy can be chosen that is based on the most accurate
numbers possible. In this context, measuring excess deaths due to the SARS-CoV-2 pandemic
(as well as policy interventions) is of high relevance.

Recent statistics from different national statistical offices show higher levels of deaths than
would be expected (excess deaths). These statistical calculations are, in most cases, performed
by comparing deaths in 2020, 2021 and 2022 with prior average deaths before 2020. Typically,
excess deaths are reported as deviations from previous 5-year or 3-year averages in deaths (the
baseline). Even though these comparisons provide a baseline for computing excess deaths, their
accuracy can be compromised by changing population numbers as well as changing death rates.

In this report we estimate excess mortality by computing changes in death rates relative to
a given baseline instead of changes in deaths. We show that this measurement significantly
improves the accuracy of estimating changes in mortality and should be used as a preferred
measure when making inquiries and policy decisions concerning excess mortality.

Keywords: Mortality metrics, Statistical methodology, Methodological innovation
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On measuring excess mortality

1 INTRODUCTION

Measuring excess mortality accurately is critical for
ensuing discussion and policy actions based upon
those measurements. In this study we analyze the
dangers and pitfalls of using the standard measures
for excess deaths and how they can lead to misgui-
ded policy decisions. In this study we compare
different methods for computing excess mortality
based upon computing excess death rates instead of
excess deaths.

The above statement appears obvious but however
is not the standard method for computing excess
mortality. Below we summarize some of the com-
mon methods used in the literature when measuring
excess mortality, which then is the basis for policy
actions.

In an article in The Lancet article Haidong
Wang, et al.[l] examine excess mortality during
the COVID-19 pandemic using six models to fore-
cast expected deaths, thereby calculating excess
mortality as the difference between actual and pre-
dicted figures. This approach incorporates three
types of models: general linear regression, Pois-
son regression, and an approach assuming constant
weekly/monthly mortality rates from the previous
year. A more sophisticated approach based in this
method is used in Msemburi et al.[2]] where the
WHO'’s estimates of excess mortality associated
with the pandemic.

The US National Center for Health Statistics
(CDC-NCHS) estimates excess mortality through
comparison of weekly number of deaths in 2020
relative to 2015-2019][3]]. In their article ”Understan-
ding excess mortality” by The Health Foundation[4]
the authors show 2020 weekly excess deaths figures,
using the weekly highest, lowest and weekly ave-
rage registration deaths in previous five years 2015-
2019 as baseline. Beaney et al.[5] also uses the
excess deaths as the number of deaths per week in
2020 minus the number of deaths per week avera-
ged across 2015-2019 starting from the week of the
first reported COVID-19 death.

These studies focus on estimating a baseline for
expected deaths while we propose that one should
estimate future death rates (deaths divided by the
population cohort) as a baseline. As we’ll show by
computing death rates, we adjust mortality mea-
sures for population changes. Additionally, we
observe that long-term death rates follow exponen-
tially declining pattern over time, which is expected
with the secular improvements in sanitation, edu-
cation and healthcare. Consequently, any baseline
should account for these secular trends. Finally,
when computing death rates, we also observe that
there is a natural “death curve” for individuals
as a function of their age. The function shows a
exponential decline in death rates from age zero to
about 5 and thereafter deaths rates tend to increase
exponentially age individuals grow older.

2 METHODOLOGY

In this study we analyze the dangers and pitfalls of
using the standard measures for excess deaths and
how they can lead to misguided policy decisions.
In addition, we propose an alternative way of com-
puting excess deaths based upon computing excess
death rates instead of excess deaths.

First let’s define the standard computation method
for estimating excess deaths, which is typically
used in the academic literature, as well as statistical
offices worldwide:

2.1 Method 1 for estimating excess
deaths

AG AT=ty
Excess . AC Deaths
[Deaths]t_ = Deaths}™ — Et : < n (D

Where AG is the age cohort, t; = 2020,2021 or
2022 and AT is the time period for calculation of
the baseline (from ¢; to t¢,), which is typically 5
years. Consequently, for computing excess deaths
in 2020, 2021, and 2022 we would compute the
average number of deaths from 2015 to 2019 and
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On measuring excess mortality

subtract it from the deaths in 2020, 2021 and 2022,
respectively.

2.2 Method 2 for estimating excess
deaths

The second method for estimating excess deaths
first estimates the excess death rate and then mul-
tiplies that value by the estimated population of
the age group. As we will show below, death rates
tend to monotonically decline over time, for a given
population age cohort, as living conditions have
generally been improving since after the Second
World War (with some exceptions).

Death rates are calculated by simply dividing the
number of deaths in a certain age group over a given
period of time, by the population of the respective
age-group, as shown below:

Death AG DeathséG
Rate - £4G )

t ~ Population

Death rates adjust the number of deaths to the
population of a given age-cohort. They are consequ-
ently a more accurate measure to estimate societal
changes in living conditions over time, or the impact
of certain external events on the population (such
as the introduction of a new pathogen in the human
eco-system). Using the death rate in 2019 as a base-
line to estimate excess death rates in 2020 to 2022
will tend to provide a conservative estimate for
excess deaths (lower limit), as it assumes unchan-
ged death rates going forward but in fact they tend
to trend downwards. A more realistic assessment
is to compute excess death rates in 2020 to 2022
relative to a baseline that adjusts 2019 death rates
for average yearly rates of improvement in death
rates or use a baseline that is the continuation of
a previous trend in excess deaths. Each of these
methods is detailed below.

2.2.1 Setting baseline for estimating excess

deaths - Method 2A

This method measures the excess death rate by
using the death rate for a given year as a baseline.
The most reasonable year to use is the last year of

available data before a given phenomenon occurs.
In our particular case of measuring excess deaths
due to the Covid-19 pandemic that started in 2020
we use 2019 as the baseline year for excess deaths,
as shown in the formula below.

AG
Excess | Death AG Death AG
Death ~ | Rate | Rate G)
Rate t; 2019

Where AG is the age cohort, t; = 2020, 2021 or
2022. Note that this method of estimating excess
deaths is likely to understate excess death rates
as over time, death rates tend to decline with the
improvement in living conditions.

2.2.2 Setting baseline for estimating excess
deaths - Method 2B

This method adjusts the 2019 death rate for the
compounded yearly decline in death rates over a
given period of time, such as from 2010 to 2019.

AG
Excess AG AG
Death = {DRQC?}L] - {anc;th] (14 Rar)"
Rate ate |, e J 9019

“)

Where AG is the age cohort, t; = 2020, 2021 or
2022 and n =t; - 2019. Rar is the compounded
yearly rate of change (geometric average) for the
death rate over a given period (from 2010 to 2019,
for example).

2.2.3 Setting baseline for estimating excess
deaths - Method 2C

This method uses a baseline that corresponds to
the linear fit in death rates over a given period of
time, such as from 2010 to 2019, and then extended
into 2020, 2021 and 2022.

AG
AG AG
Ezcess | Death Linear
Death ~ | Rate - Fit ®)
Rate t; AT
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Where AG is the age cohort, t; = 2020, 2021 or
2022 and AT is the period over which the linear fit
is performed for excess deaths (from 2010 to 2019,
for example).

3 DATA

In this study we use yearly population estimates and
deaths from the UN population divisiorﬂ As a case
study we perform the analysis on a given country:
United Kingdom.

4 ANALYZING OF METHOD 1 AND
METHOD 2

4.1 Method 1

This method is the standard method for estima-
ting excess deaths, which is used in most academic
studies and by most statistical offices worldwide. It
is based on comparing deaths in a given year with
the average deaths over a period of time. In our
particular case, we are going to use the 5-year ave-
rage deaths from 2015 to 2019 (see Equation|[I)) as
the baseline to compute excess deaths in 2020 and
2021.

Figure [I| shows the raw data on the yearly deaths
for different age groups in the UK from 1960 to
2021.

We can observe that deaths for different age
groups can trend upwards or downwards over time.
As an example, when looking at the 70-79 age group
on the figure on the right, we observe that deaths
trended downwards from 220 thousand in 1985 to
125 thousand in 2010 and then upward until 2019
reaching about 140 thousand.

The changes in the number of deaths are highly
influenced by the changes in the population over
time of the numbers in each age group. Death rates
also change, but as we’ll show later on, they tend to
decrease monotonically over time, with much lower
variation over time. The implications of these obse-
rvations are that when computing the baseline for

! https://www.un.org/development/desa/pd/data-landing-page

Country:

Umnted Kingdom. Deaths over time (1960-20

Deaths (Thousands)

wd)

aths (Thousar

De:

Figure 1. UK - Yearly deaths for different age
groups from 1960 to 2021. Top: Younger age-
groups. Bottom: Older age-groups.

estimating excess deaths, one will introduce a posi-
tive bias in periods when deaths are increasing and
a negative bias in periods when deaths a decreasing.

The magnitude of the bias can be significant as
during certain periods, deaths increase (or decre-
ase) at a rate of 5% (or -5%) a year or greater in
magnitude. Consequently, a five-year average could
be offset by 12.5% or more, as the average would
correspond to the value at the middle of the time
period for which the baseline is measured.

To further illustrate the pitfalls on comparing dea-
ths over different time spans, let’s look at Figure [2]
that shows the number of deaths for different popu-
lation age groups, for singular years from 1960 to
2020. In general, death rates have decreased steadily
for each age group from 1960 to 2020. However, the
figure shows that the number of deaths for younger
individuals (ages 5-9) decreased from 1960 to 2020
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On measuring excess mortality

while deaths in older individuals (80-89) increased
from 1960 to 2020. This was due to the effect in
decreasing population numbers for 5-9-year-olds
and increasing numbers for 80-89-year-olds, which
subtracted (or added) to the overall reduction in
death rates.

Country: United Kingdom. Deaths per age-group (1960-2021

e W

Deaths (Thousand)

Age Group

Figure 2. UK - Yearly deaths per age group for
selected years.

In summary, we believe that method 1 has signi-
ficant pitfalls when used to estimate excess deaths.
With those caveats, we’ll next analyze the excess
deaths relative to the prior 5-year average, from
1965 to 2021. The excess deaths for 2020 and 2021
were based upon a fixed baseline referring to the
average deaths from 2015 to 2019. This is to avoid
using the pandemic excess deaths in 2020 to esti-
mate the excess deaths in 2021. The results of the
analysis are illustrated in Figure [3] where the time
series of excess deaths from 1960 to 2021, compu-
ted using method 1 is shown for older age groups.
The figure on the left shows the time series of excess
deaths in percentage while on the right, the norma-
lized excess deaths are shown. Normalization is
achieved by assuming excess deaths are normally
distributed.

By using method 1 for computing excess deaths,
we can observe that there is a large variation for
excess deaths over time (Figure [3] - Top). Excess
deaths of -10% to +10% were relatively normal
over the period of 1960 to 2021. We can also obse-
rve that there are noticeable trends in excess deaths

Country: Unated Kingdom. Excess deaths over tume (1960

deaths (%)

Excess

st)

Figure 3. Yearly excess deaths relative to 5-year
prior average from 1960 to 2021. Top: Percentage of
excess deaths. Bottom: Normalized excess deaths.

which track rising or falling deaths (due to popula-
tion increases/decreases) in given age groups. For
example, we can observe that for the 40-49 age
group excess deaths tended to be -10% in the 1970s
but about 0% in the 1990s and 2000s. These vari-
ations are likely due to the baby boom generation
passing by this age group during the 1990s, which
led to a correspondent trend in increase in deaths.

We can also observe that 2020 and 2021 were
abnormal events as excess deaths reached about
20% in age cohorts from 50 to 79. This occurred
both in 2020, and in 2021, a time when Covid-19
vaccinations were already rolled out. Curiously, the
Covid-19 pandemic did not seem to lead to signifi-
cant excess deaths in older age groups of 90-99. For
the 80-89 age group excess deaths were statistically
significant in 2020 (at 4 sd) but not in 2021.

When looking at normalized excess deaths (Figure
- Bottom), we can observe that the jump in excess
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On measuring excess mortality

deaths during the pandemic years corresponded to
2 to 4 standard deviations, with the exception of
the 90-99 age group that looked unaffected by the
pandemic in terms of excess mortality. Using this
method, we would have trouble stating that the
Covid-19 pandemic years of 2020 and 2021 sho-
wed very large excess mortality when placed in
historical context.

We should now emphasize that, it will be clear
when comparing excess deaths using method 1
(using prior N-year average of deaths as baseline),
with those using method 2, that method 1 is inappro-
priate for estimating excess mortality. The volatility
of the changes in excess mortality as well as the pro-
blem that age group populations oscillate over time,
make this measurement inaccurate. This could then
lead to misguided assessments and consequently
erroneous policy actions.

We will now perform the same analysis as before
by using method 2 (based on changes in death rates)
for estimating excess deaths.

4.2 Method 2

This method is based on comparing death rates
in a given year with a baseline that is an estimate
for the expected death rate during that year. In this
section, we’re going to use 3 different methods for
establishing the baseline (see Equation [2|to Equa-
tion [5) to then compute excess death rates in 2020
and 2021.

The 3 methods are refinements of the central idea
of using a death rate baseline to estimate excess
death rates instead of excess deaths. Once excess
death rates are estimated, we can then compute
excess deaths by multiplying by the age group
population.

Figure {] shows the computed yearly death rates
for different age groups in the UK from 1960 to
2021. The figure on the left corresponds to younger
age groups while on the right, older age groups
are shown. Death rates are shown in logarithmic
scale because they tend to exponentially decline
over time, as a consequence of improving living
conditions for most age groups.

/

ath rate, %

De

g~ RO Y
e S i - 2 T =-nro
e S
R -

th rate, %
+
'y

Death

—— - —
- - -
- -
Ll

Figure 4. Yearly excess deaths relative to 5-year
prior average from 1960 to 2021. Top: Percentage of
excess deaths. Bottom: Normalized excess deaths.

The first observation we can make is that death
rates for different age groups decline almost mono-
tonically over time. The lines are almost straight,
and their slope corresponds to the rate of improve-
ment in death rates for a given age group. Interestin-
gly, for the UK, for the given time period (1960 to
2021), death rates for the age groups 20-29 and 30-
39 do not show a substantial improvement over time.
It is not the topic of this report to discuss the social
phenomena that might be at the origin of this effect,
but it could be related to social issues for these age
groups such as drug use (including alcohol-related
deaths), the AIDS epidemic and others.

When comparing Figure 4 with the equivalent
Figure (1| for UK deaths, we observe that death rates
are much better behaved as they do not show big
upward or downward trends, tend to decline mono-
tonically and have much less volatility from year to
year. This pattern can be clearly seen in Figure 3]
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On measuring excess mortality

Country: United Kingdom. Death rates per age-group

Death Rate, %

Figure 5. UK - Yearly death rates per age group
for selected years.

that shows the death rates for different population
age groups, for singular years from 1960 to 2020.

By adjusting deaths by the population of the respe-
ctive age group, the overall trends in improving
living conditions become clear. By looking at Figure
|§] we observe that in 1960, 10-14 was the age cohort
with lowest death rates, while in 2020, 5-9 was the
age cohort with lowest death rate. This reflects a
faster rate of improvement in risk reduction for the
5-9 age group from 1960 to 2020. Figure [] shows
the compounded yearly changes in death rates from
1960 to 2019 for different age groups. It shows that
the greatest improvement occurred for the youn-
ger age groups from ages 1 to 9, with about 3.2%
yearly improvement. As mentioned previously, indi-
viduals of ages 20 to 39 had much lower yearly
decline in death rates of only about -1% per annum.
For older age groups the yearly improvement was
around 1.5% per year except in the very highest age
groups.

Figure[6]also shows standard deviation of yearly
changes in the death rate from 1960 to 2019, for
each age group. It can be observed that the younger
age groups (1 to 29) have more than double the
year-to-year variability in death rates compared to
prime age groups (30 to 69). This is important to
bear in mind once we normalize our calculation of
excess death rates in our analysis below.

Country: United Kingdom. Compounded yearly change in death
deaths (%) from 1960 to 2019

o
eath rates 1960-2019
ates
1]

wth rates, (%)

des

£

Yearly change in death rate, (o)

STD of changes in

Figure 6. Yearly compounded improvement (%
decline) in death rates from 1960 to 2019 for diffe-
rent age groups. The standard deviation of yearly
changes in the death rates are also shown (right
hand scale).

When comparing method 1 to method 2 we obse-
rve trends in death rates have a much more stable
and predictable behavior when compared to deaths.
Death rates tend to decrease monotonically over
time, while deaths can trend upwards and downw-
ard due to population changes. Furthermore, yearly
changes in death rates have less volatility than chan-
ges in deaths, as shown in Figure[7} which plots the
standard deviation of percentage changes in deaths
and death rates from 1960 to 2019.

standard deviation of
1960-2019

Country: United Kingdom, (:(>|‘_|1)::.1'i\(>|l of the
vearly changes in deaths versus death rates

e STD) of changes in deaths
&<+ STD of changes in death rates

deaths, (%)

g

STD of changes in

Figure 7. UK — Comparison of the standard devi-
ation of yearly changes in the death rates versus
deaths, from 1960 to 2019 for different age groups.
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On measuring excess mortality

Taking these factors into consideration we’re now
going to estimate excess death rates using 3 diffe-
rent approaches as previously mentioned (Method
2A, 2B and 2C) formulated by equations 3] to [5

4.2.1 Computing excess death rates using

method 2A

This method measures the excess death rate by
using the death rate for a given year as baseline.
The most reasonable year to use is the last year of
available data before a given phenomenon occurs.
In our particular case of measuring excess deaths
due to the Covid-19 pandemic that started in 2020
we use 2019 as the baseline year for excess deaths.

These results of the analysis are illustrated in
Figure [§] where the time series of excess deaths
from 1960 to 2021, computed using method 2A,
is shown for older age groups. The figure on the
left shows the time series of excess death rates in
percentage while on the right, the normalized excess
death rates are shown. The normalization is achi-
eved by assuming excess death rates are normally
distributed.

The results show that there is a much lower varia-
bility in excess death rates from 1960 to 2019 than
the variability in excess deaths for the same period
calculated using method 1 (see Figure [3). Excess
death rates vary between -5% to 5% per year from
1960 to 2019. In 2020 and 2021 however, excess
deaths had a large jump. We can observe that 2020
and 2021 were abnormal events as excess deaths
reached 15% to 20% in age cohorts from 40 to 79.
This occurred both in 2020, and in 2021, a time
when Covid-19 vaccinations were already rolled
out. The Covid-19 pandemic did not seem to lead to
significant excess deaths in older age groups of 90-
99. These results are in line with the rise in excess
deaths in 2020 and 2021 computed using method
1, however, the overall background noise is much
lower when using method 2A.

When looking at normalized excess death rates
(Figure [§] - Bottom), we can observe that the jump
in excess death rates during the pandemic years
corresponded to 5 to 10 standard deviations, with

over time (1960-2021). Method 2A

deaths (%)

Excess

Figure 8. Yearly excess death rates relative to prior
year from 1960 to 2021. Top: Percentage of excess
death rates. Bottom: Normalized excess death rates.
Excess death rates for 2020 and 2021 use death
rates in 2019 as a baseline.

the exception of the 80-89 age group where excess
deaths in 2020 reached 4 standard deviations, but
in 2021 only 2 standard deviations from normal;
and the 90-99 age group that looked unaffected
by the pandemic in terms of excess mortality. The
signal strength of the effect of the pandemic is much
stronger than when using method 1.

It is abundantly clear when comparing excess dea-
ths using method 1 (using prior N-year average
of deaths as baseline), with those using method 2,
that method 2 is much more accurate in estima-
ting excess mortality. The adjustment of deaths to
the population of the age group reduces the vola-
tility of the changes in excess mortality as well as
solving the problem of changing populations over
time. This method should be preferred when making
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On measuring excess mortality

assessments on excess mortality and implementing
policy actions.

4.2.1.1 Excess death rates in 2020 and
2021 using method 2A

When investigating the excess death rates in 2020
and 2021 relative to 2019, shown in Figure EI, we
observe that for individuals aged 15 to 59, death
rates saw larger rises in 2021 than in 2020. We
might have expected that the introduction of the
Covid-19 vaccines, and improvements in acute
Covid treatments, would have reduced the excess
mortality in 2021 compared to 2020.

For 2021, the highest rises in death rates relative
to 2019 occurred for the 30-39, 40-49 and 50-59
age groups (of about 20%) and the 20-29 age group
(of 17.5%). Individuals from 15 to 79 experienced a
rise in excess death rates ranging from 10% to 20%.
Only for the 5-9 and 10-14 younger age groups and
the 90-99 older age group did death rates in 2021
drop from 2019 levels.

By looking at the data in terms of the normalized
change in death rates (Figure [J]- Bottom), we obse-
rve that the rise in death rates in 2021 for 30-39,
40-49 and 50-59 age groups corresponds to a more
than 9 standard deviation event while the rise in
the excess death rates for ages 70-79 are above 4
standard deviations. This is a very strong signal for
these age groups.

Furthermore, it is interesting to observe that
excess deaths rates in 2020 (the first year of the
Covid-19 pandemic) for the 90-99 age group was
positive but had a weak statistical significance; and
for the 5-9 and 10-14 age groups negative excess
deaths were recorded both in 2020 and in 2021.

4.2.2 Computing excess death rates using
method 2B

Method 2B calculates the excess death rate by
adjusting the 2019 death rate for the compounded
yearly decline in death rates over a given period of
time. In this particular example we use the com-
pounded rate of improvement in death rates from

leath rate, (%)
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Figure 9. Excess death rates for 2020 and 2021
using method 2A. Top: Percentage of excess death
rates. Bottom: Normalized excess death rates. The
chart also shows the standard deviation of changes
in excess death rates from 1960 to 2019.

1960 to 2019 to estimate the baseline for 2020 and
2021 according to Equation [}

4.2.2.1 Excess death rates in 2020 and
2021 using method 2B

Figure [I0]shows the increase in excess death rates
for 2020 and 2021 when using the baseline adju-
stment defined in method 2B. The results are very
similar to when using method 2A with some minor
differences. Again, we observe that for individu-
als aged 15 to 69 death rates saw larger rises in
2021 than in 2020 which is inconsistent with the
introduction of Covid-19 vaccines and improved
treatments.

For 2021, the highest rises in death rates of close
to 23% occurred for the 50-59 age group and 22%
for the 30-39 and 40-49 age groups and 20% for the
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20-29 age group. Individuals from 15 to 79 expe-
rienced a rise in excess death rates ranging from
15% to 23%. Only for the 5-9 and 10-14 younger
age groups and the 90-99 older age group did death
rates in 2021 remain close to the adjusted baseline.

United Kingdom. Excess death rates (%) per age-group
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Figure 10. Excess death rates for 2020 and 2021
using method 2B. Top: Percentage of excess death
rates. Bottom: Normalized excess death rates. The
chart also shows the standard deviation of changes
in excess death rates from 1960 to 2019.

By looking at the data in terms of the normalized
change in death rates (Figure [I(] - Bottom), we
observe that the rise in death rates in 2021 for 30-
39, 40-49 and 50-59 age groups corresponds to a
more than 9 standard deviation event while the rise
in the excess death rates for ages 20-79 are above 5
standard deviations. This is a very strong signal for
these age groups.

n of yearly change, %

4.2.3 Computing excess death rates using
method 2C

Method 2C calculates the excess death rate by
using a baseline that corresponds to the linear fit
in death rates over a given period of time, such as
from 2010 to 2019, and then extended into 2020
and 2021.

As one might expect, one of the difficulties of
using this method is setting the time period over
which the regression is performed. If a long time
period is usedE| , the regression will capture trends
in deaths rates, that might not be relevant for esti-
mating excess deaths on the most recent data. On
the other hand, if one uses a very short time period
for estimating the regression parameters, the extra-
polation might capture temporary trends that could
lead to small biases in computing the excess death
rates. Considering both these factors we chose to
use shorter regression periods ranging from 5 years
to 20 years prior to 2019. In particular, next we are
going to analyze excess death rates using a linear
regression with data from 2000 to 2019 (20 years).

These results of the analysis are illustrated in
Figure [TT] showing the time series of excess dea-
ths from 2000 to 2021, computed using method 2C,
for older age groups. The figure on the left shows
the time series of excess death rates in percentage
while on the right, the normalized excess death rates
are shown. The normalization is achieved by assu-
ming excess death rates are normally distributed.
Excess deaths from 2000 to 2019 are in-sample
while excess death rates for 2020 and 2021 are
based on the baseline that extrapolates the liner
regression from 2000 to 2019.

Excess death rates vary between -5% to 5% per
year from 2000 to 2019. In 2020 and 2021, as
similarly observed with the previous methods for
establishing the baseline, excess deaths had a large
jump. We can observe that 2020 and 2021 were
abnormal events as excess deaths reached 15% to
30% in age cohorts from 40 to 89. These changes

2 For instance, using the whole 1960 to 2019 period.
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Country: United Kingdom. Yearly changes in deaths rates (%
over time (2000-2019), Method 2C
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Figure 11. Yearly excess death rates relative to
regression fit from 2000 to 2019. Top: Percentage
of excess death rates. Bottom: Normalized excess
death rates. Excess death rates for 2020 and 2021
are computed by extrapolating the regression fit for
the in-sample period.

had a high statistical significance as shown in Figure
[IT- Bottom.

4.2.3.1 Excess death rates in 2020 and
2021 using method 2C

Figure[I2]shows the increase in excess death rates
for 2020 and 2021 when using the baseline adju-
stment defined in method 2C. The results are very
similar to when using method 2A and 2B with some
minor differences. We observe that for individu-
als aged 10 to 79 death rates saw larger rises in
2021 than in 2020 which is inconsistent with the
introduction of Covid-19 vaccines and improved
treatments.

For 2021, the highest rises in death rates of close
to 42% occurred for the 20-29 age group, 34% for

the 15-19 age group and 30% for the 50-59 age
group. Individuals from 15 to 79 experienced a rise
in excess death rates ranging from 25% to 42%.
Only for the 5-9 and 90-99 age group did death
rates in 2021 drop below the adjusted baseline.

By looking at the data in terms of the normalized
change in death rates (Figure [I2] - Bottom), we
observe that the rise in death rates in 2021 for 50-59
age group corresponds to a 10.5 standard deviation
event while the rise in the excess death rates for
ages 15-79 are about 4 standard deviations or more.
This is a very strong signal for these age groups. For
younger age groups 5-9 and 10-14 the excess death
rates have a low statistical significance, in similarity
with the older 90-99 age group.

Country: United Kingdom. Excess death rates (%) per age-group
) 2020-2021). Method 2C
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Figure 12. Excess death rates for 2020 and 2021
using method 2C. Top: Percentage of excess death
rates. Bottom: Normalized excess death rates. The
chart also shows the standard deviation of changes
in excess death rates from 2000 to 2019.
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2020
Excess deaths (%) Excess death rate (%)

Age group Method 1 Method 2A  Method 2B Method 2C  Average Method 2
05-09 -5.8 2.4 0.6 -4.2 2.0
10-14 4.2 -1.1 1.0 12.7 4.2
15-19 0.1 9.4 11.1 23.0 14.6
20-29 10.5 8.5 9.5 28.2 154
30-39 15.3 15.1 16.1 18.3 16.5
40-49 7.7 13.7 15.0 17.5 154
50-59 20.1 18.7 20.6 26.2 21.8
60-69 9.6 13.6 15.5 22.7 17.3
70-79 18.7 15.6 17.4 25.3 19.4
80-89 13.2 13.9 15.1 17.1 154
90-99 3.1 6.2 6.9 -1.9 3.8

Table 1. UK - Comparison of the different methods for computing excess mortality for 2020.

5 COMPARING METHOD 1 WITH
METHOD 2

In this section we’ll compare the excess morta-
lity (in percentage) computed using method 1 and
method 2. Table [I] and Table [2] show the compari-
son between excess deaths in 2020 and 2021 using
method 1, with excess death rates using the different
approaches of method 2.

As previously mentioned, the three different
approaches when using method 2 estimate excess
death rates using slightly different assumptions.
Approach 2A is a conservative estimate (lower
bound estimate) of excess death rates as the base-
line used is the 2019 death rate P Method 2C on
the other hand could be too aggressive in estimating
excess deaths rates as it extrapolates existing trends
in death rates over a given time period. We believe
that method 2B is a moderate estimate for excess
mortality as it adjusts the 2019 baseline for the ave-
rage compounded rate of decline in death rates. As
each approach for method 2 captures a slightly diffe-
rent previous trend in death rates, it is reasonable to
calculate a composite method 2 estimate for excess
mortality that averages the three approaches.

3 This is a conservative estimate because death rates tend to decrease mono-
tonically over time with improvements in life conditions and overall risk
management knowledge.

The results shown in Table 1 illustrate the points
made previously, namely, that excess deaths compu-
ted using method 2A are lower than those using
method 2B and 2C. The results also show that
method 1 produces much higher variability in
excess deaths among the different age groups, due
to small positive or negative biases introduced by
the baseline. For example, the decline in the popu-
lation of the age group 5-9 leads to generally lower
estimates using method 1 than method 2. The UK
population is relatively stable when compared with
other developed countries that experienced large
baby booms and busts over the last 80 years, so
the difference between both these approaches is
relatively small.

Now, interpreting the results shown in Table 1
we’re going to using the average of the method 2
estimates (last column in the table). We observe that
all age groups from 10+ exhibited positive excess
mortality in 2020, albeit the 10-14 and 90-99 were
low and without statistical significance. Age groups
from 15 to 89 all showed rises in death rates betw-
een about 15% and 22%. An interesting observation
when looking at Table 1 is that the older age group
90-99 was not the one most affected by the SARS-
CoV-2 pandemic, and that the most affected age
group was 50-59, who are individuals just past their
prime.
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2021
Excess deaths (%) Excess death rate (%)

Age group Method 1 Method 2A  Method 2B Method 2C  Average Method 2
5-9 -114 -5.6 0.3 -4.0 -3.1
10-14 2.7 -4.5 -0.5 13.6 2.9
15-19 4.7 12.4 16.0 33.6 20.7
20-29 17.8 17.2 19.6 42.8 26.5
30-39 20.4 19.6 21.8 24.5 22.0
40-49 12.8 19.5 22.3 24.5 22.1
50-59 21.0 19.3 23.0 29.4 23.9
60-69 9.9 11.8 15.5 24.3 17.2
70-79 17.1 11.8 15.5 259 17.8
80-89 4.7 4.9 7.2 9.9 7.3
90-99 0.1 -0.1 1.3 -6.8 -1.8

Table 2. UK - Comparison of the different methods for computing excess mortality for 2021.

When looking at Table 2 we observe that in
2021, age groups from 15 to 79 all showed rises
in death rates between about 17% and 27%, which
was higher than in 2020. This result is strange as,
assuming Covid-19 as the main cause of excess
mortality in 2020, we would expect that natural
immunity and the introduction of Covid-19 vaccines
and treatments should have reduced excess morta-
lity in 2021 relative to 2020. The 80-89 age group
had excess deaths rates of 7.3% that corresponded
to about a halving of the 2020 death rate. Perhaps
natural immunity from Covid-19 or the vaccination
had a positive effect in preventing Covid-19 deaths
in this age group.

Excess death rates in the young 5-9 and 10-14 age
groups were very low or negative. Similarly, excess
death rates for the 90-99 age group were negative
in 2021.

Figure compares method 1 and method 2
(average estimate) for the estimates of excess mor-
tality in 2021. The figure allows us to visualize
the previously mentioned differences between both
methodologies. First, method 1 estimates are much
more volatile from age group to age group while
method 2 is much more stable. Furthermore, one
can observe the negative bias in excess mortality
in younger age groups, due to decreasing popula-
tions. Overall, we believe that method 2 is much

more accurate and robust in estimating excess dea-
ths. However, caution is required as population
estimates are just that, estimates, and can vary
substantially depending on the data source.

6 CONCLUDING REMARKS

In this study we analyze the dangers and pitfalls of
using the standard measures for excess deaths and
how they can lead to misguided policy decisions.
In addition, we propose an alternative way of com-
puting excess deaths based upon computing excess
death rates instead of excess deaths.

We show that using prior N-year average of deaths
as baseline (method 1) is inappropriate in estimating
excess mortality. The volatility of the changes in
deaths as well as the problem of age group populati-
ons oscillating over time, makes this measurement
inaccurate, leading to severe biases. This could then
lead to misguided assessments and consequently
erroneous policy actions.

Death rates tend to decline over time, for a given
population age cohort, as living conditions have
generally been improving since after the Second
World War (with some exceptions). Estimating
excess mortality by computing excess death rates
obtains a much clearer signal, this is, a much
more accurate estimate for excess mortality. This is
because changes in death rates do not trend upwards
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2021 - Comparnison between excess deaths (method 1) and excess death
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Figure 13. UK: Comparison of method 1 with the average of method 2 approaches for computing excess

mortality for 2021

and downwards over time and are much less volatile
from year-to-year than changes in deaths.

Consequently, by using the death rate in 2019
(method 2A) as a baseline to estimate excess death
rates in 2020 to 2022 will tend to be a lower limit
on excess deaths. A more realistic assessment is to
compute excess death rates in 2020 to 2022 rela-
tive to a baseline that adjusts 2019 death rates for
average yearly rates of improvement in death rates
(method 2B) or use a baseline that is the continua-
tion of a previous trend in excess deaths (method

20).
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