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ABSTRACT

Objectives Previous studies have found a pattern of
flatter COVID-19 age-mortality curves among low-income
and middle-income countries (LMICs) using only official
COVID-19 death counts. This study examines this question
by comparing the age gradient of COVID-19 mortality in a
broad set of countries using both official COVID-19 death
counts and excess mortality estimates for 2020.

Design This observational study uses official COVID-19
death counts for 76 countries and excess death estimates
for 42 countries. A standardised population analysis was
conducted to assess the extent to which variation across
countries in the age distribution of COVID-19 deaths was
driven by variation in the population age distribution.
Setting and primary outcomes Officially reported
COVID-19 deaths and excess deaths for 2020 for all
countries where such data were available in the COVerAGE
database and the short-term mortality fluctuations
harmonised data series, respectively.

Results A higher share of pandemic-related deaths

in 2020 occurred at younger ages in middle-income
countries compared with high-income countries. People
under age 65 years constituted on average (1) 10% of
official deaths and 11 % of excess deaths in high-income
countries, (2) 34% of official deaths and 33% of excess
deaths in upper-middle-income countries, and (3) 54% of
official deaths in LMICs. These contrasting profiles are due
only in part to differences in population age structure.
Conclusions These findings are driven by some
combination of variation in age patterns of infection rates
and infection fatality rates. They indicate that COVID-19 is
not just a danger to older people in developing countries,
where a large share of victims are people of working age,
who are caregivers and breadwinners for their families.

INTRODUCTION

An important question for understanding the
global impact of the COVID-19 pandemic is
the disease’s age pattern of mortality across
countries. Early in the pandemic, case data

2 Paul Gubbins,® Piedad Urdinola,*

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study compares the age gradient of COVID-19
mortality in a broad set of countries using both of-
ficial COVID-19 death counts and excess mortality
estimates for 2020.

= This represents a methodological contribution be-
cause nearly all studies of the pandemic’s age
mortality patterns have used only official COVID-19
death data. However, excess deaths at the aggre-
gate population level during the pandemic exceed
officially recognised COVID-19 deaths in most
countries.

= Using a standardised population analysis, this study
assesses the extent to which variation across coun-
tries in the age distribution of COVID-19 deaths was
driven by variation in the population age distribution.

= The available data for this study does not allow as-
certaining to what extent the reported differences
in the age-specific mortality rates are driven by dif-
ferences in age-specific cumulative infection rates
or in the age-specific cumulative infection fatality
rate or both.

= Because of limitations in available mortality data,
the analysis includes a large set of high-income
and-middle income countries but does not include
many low-income countries.

from patients with COVID-19 in mainland
China showed that COVID-19 mortality
risk increases rapidly with age." This risk
profile would tend to limit the death toll in
developing countries, which generally have
younger populations. But this prediction only
holds if the age profile of COVID-19 mortality
remains similar across countries.

Our study examines this question by
comparing the age gradient of COVID-19
mortality in a broad set of countries using
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both official COVID-19 death counts and excess mortality
estimates for 2020. Vaccine availability was very limited
before 2021 and therefore is unlikely to affect the
mortality patterns identified in this analysis.

Nearly all studies of the pandemic’s age-mortality
patterns have used only official COVID-19 death data.*”
Some of these studies have found a pattern of flatter
COVID-19 age-mortality curves among low-income and
middle-income countries (LMICs) using only official
COVID-19 death counts. ’ However, excess deaths at
the aggregate population level during the pandemic
exceed officially recognised COVID-19 deaths in most
countries.*'" Other studies have used excess mortality
estimates but have mainly focused on estimating changes
to life expectancy without examining the age profile of
the COVID-19 impacts on mortality.'' ™" This is to our
knowledge the first study that estimates COVID-19 excess
mortality by age for a wide swath of countries.

Several studies have highlighted possible contributing
factors to variation across countries in overall COVID-19
mortality, including age structure of the population and
pre-existing health conditions and those same factors
could generate different patterns in mortality by age.'*"
When using only official death counts, it is unclear to
what extent the finding of flatter COVID-19 age-mortality
curves among LMICs may have been driven by data
reporting issues. In particular, it is possible that deaths
among older people in developing countries have been
more likely to be underattributed to the disease in offi-
cial COVID-19 death counts. This paper addresses that
concern and examines this question by comparing the
age gradient of COVID-19 mortality in a broad set of
countries using both official COVID-19 death counts and
excess mortality estimates for 2020.

METHODS

Data sources

The analysis employs two main sources of data:

1. Officially reported COVID-19 deaths drawn from the
COVerAGE database, with death counts aggregated to
5-year age groups, downloaded 16 May 2022.*° Seventy-
six countries have a record of cumulative deaths that
satisfies the inclusion criteria of covering at least 6
months since the first case was detected in the country
(per case data derived from Our World in Data®!).

2. All-cause deaths by age drawn from national vital sta-
tistics records, aggregated in the short-term mortality
fluctuations harmonised data series assembled as part
of the Human Mortality Database, downloaded 18
February 2022 (38 countries) 22

Additional all-cause death data from Colombia, Mexico,

Brazil, Peru and the USA were obtained from national

statistical  offices.”*™” Contrary to other COVID-19

mortality estimates such as those released by the WHO,
this study does not use modelled data.”'” Population by
age figures for each country from 2020 were taken from

United Nations estimates.”® A more detailed description
of data sources is provided in an annex.

Standardised population

A standardised population analysis was conducted to
assess the extent to which variation across countries in the
age distribution of COVID-19 deaths was driven by varia-
tion in the population age distribution. First age-specific
mortality rates were calculated by dividing the number
of deaths attributed to COVID-19 for each age group by
the population in each age group. These calculations
were conducted for the following age groups: under 45
years, 45-54 years, 55—64 years, 65—74 years, 75-84 years,
85 years and above. A hypothetical age distribution of
deaths for each country was calculated by multiplying the
age-specific COVID-19 mortality rates by corresponding
population shares from the USA. A parallel calculation
was carried out using estimates of excess mortality by age.

Excess mortality calculations

Excess mortality methods compare the number of deaths
to the number of expected deaths during a period of
interest. Excess mortality is often treated as the ‘gold stan-
dard’ in analysis of COVID-19 mortality.” However, there
are two issues that are often overlooked in the analysis of
excess mortality.

The firstissue is that estimates are sensitive to the choice
of method. Many COVID-19 excess mortality calculations
have estimated expected deaths as the mean number of
deaths over a corresponding period in previous years. If
the number of deaths was trending upwards in previous
years, this common approach will overestimate excess
mortality.”’ !

This issue is illustrated in figure 1 for five Latin-
American countries. All five countries show an increase
in the number of annual deaths over 2015-2019. Excess
death estimates based on predicting expected 2020
deaths using estimated 2015-2019 linear trends (red
lines) are shown as ‘Excess 1’. Alternative excess death
estimates using a prediction based on the 2015-2019
mean death count (blue lines) are shown as ‘Excess 2’.
In all cases, ignoring the increase over time and using the
historical mean to calculate expected deaths would result
in substantial overestimation of excess deaths.

For the analysis in this paper, expected deaths are esti-
mated using a simple regression using 2015-2019 histor-
ical data, run separately by country and age group, where
observed deaths are modelled as a linear function of year
and an error term.

The second issue often neglected in COVID-19 excess
mortality discussions is that excess mortality represents a
combination of effects. Specifically,

Net excess deaths =

(Direct COVID-19 deaths) + (Indirect COVID-19 deaths) —
(Averted deaths)

Direct COVID-19 deaths are those due to infection with
the virus. Indirect COVID-19 deaths are those due in part
to factors such as congestion in the health system, delays
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Figure 1 Actual and predicted total deaths (all causes) by
year, select countries in Latin America. Notes: Actual deaths
are shown in black. Predicted deaths based on a linear
projection using annual mortality totals 2015-2019 are shown
in red. Mean deaths 2015-2019 are shown in blue.

in care-seeking or mental health issues caused by the
pandemic. Averted deaths are those that would have taken
place in the absence of the pandemic but did not occur
as a result of pandemic-induced measures. These could
include deaths due to other infectious diseases, violence,
or traffic injuries that were avoided due to voluntary or
mandated social distancing. The possibility of non-zero
indirect deaths and averted deaths makes the inter-
pretation of excess deaths more complex than is often
recognised.

Slope calculation

The shape of an age-mortality curve can be summarised
in terms of the per cent rate of increase in the mortality
rate per year of additional age after age 45 years, calcu-
lated by running a Poisson regression using deaths as
the response variable and exposures as an offset, fitting a
Gompertz (1825) model to the data.?*%

Dy ; «~ Poisson (u,@l) where 0; = exp (ozl- + B,Xl)

where the age-specific number of deaths is D, ; for the
10-year age group age x to age x+9, (x=45, 55, 65, 75, 85)
in country ¢ The x=85 points correspond to the group
consisting of all ages 85 years and above. To interpret
death counts relative to person-years, an exposure term u;
is introduced as an offset in the model as log (u;).

The coefficients, §;, are the rates of increase per year of
age in the mortality rate. This calculation was performed
first defining D (x,7) in terms of official COVID-19 counts
by age for each country for which data were available.
The calculation was also performed for each country
defining D (x,7) using excess mortality estimates by age as
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Figure 2 Age distribution of official COVID-19 deaths and
excess deaths in 2020. Notes: Countries with fewer than
2000 official COVID-19 deaths are excluded. The age groups
available to compute excess deaths for Brazil and Israel differ
from those available in other countries. For Brazil and Israel,
the age groups are: 0-39 years, 40-49 years, 50-59 years,
60-69 years, 70-79 years, 80+ years. Negative excess deaths
estimated in the Philippines (age groups 0-44 years, 75-84
years and 85+ years), Slovenia (55-64 years) and Scotland
(0-44 years) are recoded to zero. Countries are sorted by
2019 GNI per capita (PPP).

described in the previous section (when estimated excess
deaths were zero or less, a weight of zero was assigned
to such cases). These results provide (1) The slope of
the COVID-19 age-mortality curve according to official
counts, and (2) The slope of the age-mortality curve for
excess deaths.

Patient and public involvement
The study presents analysis of secondary data. There was
no patient and public involvement.

RESULTS

The left side of figure 2 shows the age distribution
of officially recorded COVID-19 deaths in 2020 by
country. According to official reports, on average across
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high-income countries, just 10% of deaths were among
those under age 65 years. (Note that all countries in
figure 2 from Chile downward with the exception of
Turkey on the figure are classified as high-income coun-
tries. Turkey is classified as an upper-middle-income
country. Bangladesh, India, the Philippines, Jordan and
Indonesia are lower-middle-income countries. World
Bank classifications are based on Gross National Income
(GNI) calculated by the Atlas method while the figure
uses GNI calculated with purchasing power parity (PPP)
exchange rates). In contrast, people under 65 years
constituted on average 34% of official COVID-19 deaths
in upper-middle-income countries and 54% of deaths
in lower-middle-income countries. The same pattern is
observed using the distribution of excess deaths by age,
shown on the right side of figure 2. In high-income coun-
tries, those under 65 years are 11% of excess deaths. For
the upper-middle-income countries for which data are
available (Peru, Colombia and Mexico), the age profiles
of excess deaths are similar to those of official COVID-19
deaths, and those under age 65 years account for on
average 33% of excess deaths. (Data are also available to
produce excess death estimates by age for Brazil, but not
with our preferred age group breakdown).

Figure 3 shows the hypothetical age distribution of
COVID-19 deaths according to official reports, as well as
excess deaths, applying the US standardised age distribu-
tion. This controls for the differing population age distri-
butions across countries. Unsurprisingly in LMICs, which
have younger populations than the USA, the hypothetical
distribution shows an older profile of deaths as compared
with the actual distribution. However, the pattern of
a younger profile of deaths in less wealthy countries
remains, both with official data and with excess mortality
data. The numbers shown in figures 2 and 3 can also be
found in online supplemental tables Al and A2.

Notably the USA has a much younger profile of death—
using both official COVID-19 death counts and excess
mortality—than countries with similar income levels. This
is the case even after controlling for differences in popu-
lation age distribution. The age distribution of deaths in
the USA is roughly similar to that of Chile. In both coun-
tries, 27% of excess deaths were among those under age
65 years.

Figure 4 presents a visual representation of all the
mortality rates by age group across all countries and econ-
omies with available data. The vertical axis represents
mortality rates per 100000 on alogscale,anditisimportant
to note that the scale varies across countries, reflecting
the different levels of exposure to the pandemic and to
its related mortality across the globe. Overall, mortality
rates increase with age, although with different gradients.
With the excess mortality data, a few deviations from this
gradient are likely due to the relatively low mortality as
well as the overall small number of deaths (eg, Iceland).
Australia, New Zealand and Taiwan, China have close to
zero official COVID-19 deaths and show negative esti-
mates of excess mortality rates, especially for the older
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Figure 3 Hypothetical age distribution of official COVID-19
and excess deaths in 2020, using country age-specific
mortality rates and the US population age distribution. Notes:
Countries with fewer than 2000 official COVID-19 deaths

are excluded. The age groups available to compute excess
deaths for Brazil and Israel differ from those available in
other countries. For Brazil and Israel, the age groups are:
0-39 years, 40-49 years, 50-59 years, 60-69 years, 70-79
years, 80+ years; Negative excess deaths estimated in the
Philippines (age groups 0-44 years, 75-84 years and 85+
years), Slovenia (55-64 years) and Scotland (0-44 years) are
recoded to zero. Countries are sorted by 2019 GNI per capita
(PPP).

age groups, likely reflecting averted deaths due to isola-
tion policies.

Figure 5 shows a more detailed comparison of results
for five Latin-American countries and the USA, using the
same log scale for all countries. To add perspective on the
extent of COVID-19-related mortality compared with what
might have been the mortality experience in the absence
of the COVID-19 pandemic, each figure adds in grey the
expected all-cause mortality for 2020, based on levels and
trends in the five preceding years. For each country, the
figure also reports the total cumulative deaths for 2020
using both official COVID-19 deaths and excess mortality.

Official COVID-19 death counts are higher than excess
mortality estimates in some cases. These patterns indicate
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Figure 4 Official COVID-19 versus excess deaths by age group (per 100000 population)
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expressed as log (deaths/100,000 population).

that for these country-age group combinations, the
number of deaths averted due to the pandemic exceeds
indirect COVID-19 deaths. This could have occurred, for
example, because of a decline in driving and exposure to
violence during lockdowns and a reduction in transmis-
sion of other infectious diseases as a result of pandemic
precautions. Similar to our estimates, Santo et alf! find
for Brazil that total estimated excess mortality in 2020
was below the official COVID-19 death count, reflecting

—_

log scale). Note: Points are plotted at
85+ years. Vertical axis labels are

drops in deaths due to violence as well as cardiovascular
and infectious diseases.

In Mexico, the mortality estimates using excess deaths is
consistently higher than using the official COVID-19 death
count, and the gap between both measures increases with
age. In the USA, mortality estimates using excess deaths
are also higher than using official COVID-19 deaths, but
that difference decreases with age and becomes minimal
for older age groups. The especially extreme impact of
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the pandemic in Peru is evident in figure 5. Among those
aged 45-74 years, both deaths attributed to COVID-19
and excess deaths exceeded total expected all-cause
mortality for 2020.

Another notable pattern evident in figure 5 is the large
gap between the two measures for the USA at younger age
groups. For the 15-44 years age group, the excess death
estimate is four times the official COVID-19 death count.
Given that testing of patients with COVID-19 symptoms
has been widespread in the USA in all but the early stages
of the pandemic, the jump in excess mortality among
young people most likely reflects indirect COVID-19
deaths.

Figure 6 explores how the slope of the age-mortality
gradient for each country varies with its level of income.
More precisely, it shows the exponential rate of increase
in mortality by age in per cent per year against 2019
GNI per capita (the numbers for the estimated rates of

Excess deaths
Observations = 34/ R-squared (adjusted) = -0.005
y = 0.074102 + 0.000338*(GNI per capita/1000)

4
>

age (% per year) [ages 0+]
°
N

Mortality risk: Rate of increase with

0.08

0 25,000 50,000 75,000

0 25,000 50,000 75,000
GNI per capita (USD PPP)

Figure 6 displays the slope of the relationship between

the rate of increase of mortality risk with age (% per year)
and GNI per capita, for official COVID-19 deaths (left panel)
and excess deaths (right panel), all data. Poisson model
(estimates use all age groups and deaths recoded to 0 where
they are negative).

increase are available in online supplemental table A3).
The left panel presents this plot for the 76 countries
with official COVID-19 deaths data and the right panel
displays the corresponding plot for the 34 countries with
excess deaths estimates available for a consistent set of age
groups as follows: 45-54 years, 55-64 years, 65—74 years,
75-84 years, 85+ years. Using all available data, we find
that the increase in mortality risk with each additional
year of age typically ranges (IQR) from 6.3% to 11.7%
(median=9.8) using excess deaths and 5.9% to 11.1%
(median=7.6) using official deaths.

Both plots show a positive association between income
per capita and the age-mortality gradient, indicating that
COVID-19 mortality increases more steeply for older age
groups in richer countries. Using official death rate data,
across countries the rate of increase of mortality risk per
year of age rises by 0.11% for each US$1000 of GNI. Using
excess mortality data, it rises by 0.03% for each US$1000
of GNI.

To verify that this observed association is not driven by
the composition of both sets of countries/economies,
figure 7 repeats the same exercise with the common set
of 28 countries/economies. The conclusions taken from
figures 6 and 7 are similar: COVID-19 mortality is more
concentrated among older individuals in richer coun-
tries. Using official death rate data, across countries the
rate of increase of mortality risk per year of age rises by
0.13% for each US$1000 of GNI. Using excess mortality
data, it rises by 0.05% for each US$1000 of GNI.

DISCUSSION

The age profile of COVID-19 mortality risk in 2020 was
flatter (with relatively higher mortality at younger ages) in
countries with lower incomes. This pattern is found using
official COVID-19 death data from a large set of countries
as well as excess mortality from a smaller set of countries
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which include high-income countries plus Colombia,
Mexico and Peru. Our analysis concerns the year 2020
and is therefore unaffected by the arrival of COVID-19
vaccines and their unequal distribution across countries.

One limitation of this study is that the available data
do not allow ascertaining to what extent the reported
differences in the age-specific mortality rates are driven
by differences in age-specific cumulative infection rates
(IRs) or in the age-specific cumulative infection fatality
rates (IFRs) or both. Further, because of limitations in
available mortality data, the analysis includes a large set of
high-income and-middle income countries but does not
include many low-income countries. Finally, we acknowl-
edge that, even as we used excess mortality measures
to address the concern of underreporting of official
COVID-19 deaths, all cause mortality itself could also be
under-reported in some countries and that the extent of
under-reporting might vary across countries. This would
however affect our analysis only to the extent that the
under-reporting of all cause mortality was affected by the
COVID-19 pandemic.

The findings in this paper can provide the basis for
a more comprehensive accounting of the impact of
COVID-19. For example, the younger mortality profile in
developing countries means that in those countries the
pandemic has killed large numbers of people who were
of working age, many of whom were their families’ bread-
winners. Earlier global estimates suggest that more than
1.5million children have experienced the death of at
least one caregiver as a consequence of the pandemic.”
This raises the concern that long-term impacts via lower
investments in human capital of orphaned children will
be particularly deep in developing countries. This is

highly worrisome given the already massive declines in
school enrolment and learning losses generated by the
pandemic in developing countries.”*®

A full understanding of age-specific patterns of excess
mortality will require country-by-country analysis using
cause-of-death data, where available, to pull apart esti-
mates of direct COVID-19 deaths, indirect COVID-19
deaths and averted deaths. A brief comparison of
Colombia and USA highlights how components of excess
mortality can vary widely by country. In Colombia, both
vehicular and homicide deaths fell during the country’s
lockdown, reducing its excess mortality count. For 2020,
vehicular deaths dropped 18.2%, and the number of
homicides fell 5.4%, causing Colombia’s murder rate to
reach its lowest level since 1979.2° %% In contrast, the US
excess mortality estimate for 2020 reflects in part a 7.2%
increase in motor vehicle deaths, a 29.4% increase in
homicide, and a 30% spike in drug overdose deaths.”"™*

Official COVID-19 death reports and excess mortality
estimates show broadly similar age patterns country-
by-country. This finding, along with the fact that direct
COVID-19 deaths account for the large share of excess
mortality, suggests that the flatter profile of excess
mortality in lower-income countries is driven princi-
pally by direct COVID-19 deaths. To consider drivers of
the direct COVID-19 age pattern it is useful to note that
the age-specific mortality rate is the product of the age-
specific cumulative IRs and the age-specific cumulative
IFR. Using a notation where N (x,7) is the population of
the age group in country ¢,D (x,7) is the number of deaths
in the age group, and I (x,7) designates the cumulative
number of infections of age group xin country i, this can
be expressed as follows:
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N _ D(xi) _ Npgy D)
(i) = N@i) —  I(md)

= IR (x,i) * IFR (x,1)

The greater flatness of direct COVID-19 age-specific
mortality rates in lower-income countries could result
from differing patterns across countries by age of IR, IFR
or both. A number of studies have documented possible
contributing factors to variation across countries in
overall COVID-19 mortality and those same factors could
generate different patterns in mortality by age.'*"®

The relative IR of younger versus older people may vary
across countries for many reasons. First, in lower-income
countries, a large share of the population cannot work
r(-:'motely.44 Second, in developing countries, a lower
share of older people are long-term care facility resi-
dents, who are at high risk for infection and death. A
quarter of recognised COVID-19 deaths during the first
few months of the pandemic in the UK were residents of
care facilities, and 31% of recognised COVID-19 deaths
in the USA as of 1 June 2021 were care facility residents or
staff.® % Both of these characteristics of developing coun-
tries would tend to increase the relative risk of infection
for younger people. On the other hand, in LMICs, inter-
generational households are more common. This means
older people are more exposed to infection risk, particu-
larly because in those countries people are more likely to
live in crowded conditions. Roughly 20% of households
in LMICs have at least one household member under age
20 years and one over age 60 years, as compared with just
5% in high-income countries.*” In 54 LMICs with recent
Demographic and Health Surveys, just half of the house-
holds have no more than two people per sleeping room."”

Among those infected, age-specific IFRs may vary by
age due to many different factors. One systematic review
found that age-specific IFRs in developing countries were
roughly two times higher than in high-income coun-
tries.*® Country-level factors like the profile of comorbidi-
ties, differences in health system capacity, quality of care,
infection prevention and control practices, and avail-
ability of personal protective equipment could have age-
specific effects on the IFR."®* A form of survivor bias may
be a factor as well. High-quality medical care in wealthier
countries keeps many older people alive despite weak
health conditions that make them vulnerable to COVID-
19. It may be that older people in developing countries
are on average healthier than those in wealthier countries
because those with ailments would have been at high risk
for death at younger ages. If this is the case, older people
in developing countries might be more resilient to the
disease.

Distinguishing various explanations for the observed
age patterns of mortality identified in this paper should
be a topic for further research. The analysis in this paper
is also a reminder of the value of demographic data and
in particular vital statistics as a tool amid the COVID-19
crisis. Excess mortality analysis by age presented here is
only possible for countries that have well-functioning

vital statistics systems and that have made their data
widely available. Investments in vital statistics systems
and greater data transparency should be encouraged as
a global public good.
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