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Abstract

Men die at higher rates in nearly all places and at all ages
beyond age 45. Using World Health Organization excess
mortality estimates by sex and age groups for 75 countries
in 2020 and 62 countries in 2021, this paper analyzes how
patterns of excess mortality varied by sex and age groups
across countries during the COVID-19 pandemic and their
association with country income level. In 2020, the pan-
demic amplified the gender mortality gap for the world,

but with variation across countries and by country income

level. In high-income countries, rates of excess mortality
were much higher for men than women. In contrast, in
middle-income countries, the sex ratio of excess mortality
was similar to the sex ratio of expected all-cause mortal-
ity. The exacerbation of the sex ratio of excess mortality
observed in 2020 in high-income countries declined in
2021, likely as a result of the faster rollout of vaccination
against COVID-19.
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Introduction

In all countries around the world, women live longer than men (Dattani and Rodés-Guirao
2023). There is well-established evidence of a gender mortality gap driven by a range of
environmental, genetic, and cultural factors (Waldron 1985). The persistence of higher
mortality for men than women has been documented with data typically drawn principally
from high-income countries (Wu et al. 2021). But these patterns have also been shown in
low-income regions of the world (de Walque and Filmer 2013).

Prior to the 1950s, disproportionately higher deaths of male than female infants were the
main driver of the longer life expectancy of women, but more recently the elevated mortality
of older men has driven the gender gap in life expectancy (Zarullia et al. 2021). The COVID-
19 pandemic exacerbated this gap as age-standardized excess death rates were higher for
men than women in many countries (Peckham et al. 2020; UN 2022). The sex inequality in
mortality grew in many high-income countries due to COVID-19, though in the US, this
disparity has been characterized as modest, and mortality from the pandemic has not
changed the “fundamental dynamic” of sex-mortality gaps (Nazmul et al. 2021; Danielsen et
al. 2022). Likewise, for European countries, the difference in mortality by sex during the
COVID-19 pandemic is similar to pre-pandemic patterns (Neilsen et al. 2021). In non-high-
income settings, both COVID-19 and excess death age-mortality curves are flatter, only in
part due to population structure (Demombynes et al. 2022). This suggests that the extent to
which the gender gap in mortality increased likely differs across country income levels. In
part due to the lack of data, previous detailed analysis of COVID-19 mortality patterns by age
have combined both sexes, neglecting this well-established fact that mortality rates of men
are higher than those of women, and that this might vary by country income level.

This study draws on recent data which were not available for earlier studies to examine the
extent to which the gender gap in mortality shifted in high- and middle-income countries
during the COVID-19 pandemic. Unfortunately, underdeveloped civil registration systems
for reporting on male and female deaths limits data availability in low-income countries, a
persistent limitation in the study of global population-level mortality patterns.

Methods
Data sources

We use the “Global excess deaths associated with COVID-19 (modelled estimates)” dataset
(May 19, 2023 update), produced by WHO’s Technical Advisory Group (TAG) on COVID-19
mortality assessment. This dataset contains estimates of expected all-cause deaths, all-cause
deaths (actual or predicted if actual was not available), and excess deaths by age-group and
sex for 194 countries for 2020 and 2021. Expected all-cause deaths were forecasted using
historic country-level monthly mortality data prior to the pandemic and serve as reference
point in the absence of COVID-19. Excess deaths were computed as "the mortality above
what would be expected based on the non-crisis mortality rate in the population of interest”
by differencing actual/predicted all-cause deaths from expected all-cause deaths (World



Health Organization 2022). These data are not reporting direct COVID-19 deaths only but
rather are an estimate of the combination of direct and indirect COVID-19 mortality, as
measured by excess deaths.

Lacking actual measures of direct and indirect COVID-19 mortality by sex, we rely on
estimates of excess deaths by sex. We check the reliability of these data by comparing sex-
mortality ratios from the estimate of excess deaths and those from reported COVID-19
deaths for a subset of countries for which this is available. This ratio of ratios is not always
1. However, there is no clear pattern suggesting that the ratio based on excess deaths is
different from that constructed from reported COVID-19 mortality (not shown here but
available upon request).

This dataset also contains population counts from the World Population Prospects by
country, year, sex and age (UN 2022). The dataset covers 194 countries in 2020 and 194 in
2021. For this analysis, only countries with excess death estimates based on actual all-cause
deaths (not predicted) by sex and age-group are included. This limits the sample to 75
countries in 2020 and 62 countries in 2021. Additionally, we exclude countries with total
excess deaths (both sexes combined) below 2,000 in either 2020 or 2021. After applying
these two criteria, we have 66 countries in this analysis: 54 in 2020 and 57 in 2021 (Table
1). Lastly, we analyze mortality data only for adults 45 years and older, since excess death
rates are extremely low for younger ages.

[TABLE 1]
Estimating age-mortality patterns

To characterize the age-mortality patterns drawing on the data from multiple countries, we
estimate a model of the age-mortality curve with interactions by sex for each country. The
advantages of working with a model are twofold. First, it produces a slope of the age-
mortality curve by sex. Second, it enables the use of predicted values for some estimated
quantities which minimize the influence of outliers (discussed above) and, importantly,
allows calculation of confidence intervals. The models are estimated separately for 2020 and
2021 by fitting a Poisson regression using deaths as the response variable and population as
an offset.

Dygi~ Poisson(ux,s,iei)

where 0; = exp (Bo; + P1; * Male + B,;Age + P3; x Age x Male)

where the age and sex specific number of deaths is D, ¢; for the 10-year age group age x to
age x +9,x = {45,55,65,75,85} for sex s = {Male, Female} in country i. The x = 85 data
points correspond to the group consisting of all ages 85 years and above. To interpret death
counts as mortality rates (for the age-sex specific population), an exposure term u, ;; was

3



introduced as an offset in the model as log(u,s;). Male is a binary variable where 1
corresponds to men and 0 corresponds to women and Age is a continuous variable centered
at age 65. The coefficients exp(f, ;) represent the mortality rate for females at the age of 65
years, exp(f;;) represents the male-to-female mortality rate ratio at the age of 65,
exp(f,,;) represents the mortality rate ratio for females that differ by 10 years in age,
exp(f,,; + B3;) represents the mortality rate ratio for males that differ by 10 years in age.
The Poisson regression was fit separately with D, ;; defined in terms of expected all-cause
deaths and with D, ;; defined in terms of estimated excess deaths for both years. For the
latter, when estimated excess deaths were less than 0, they were recoded to 0.

Once the parameters of each country were estimated for expected all-cause and excess
deaths for both years, a simulation-based inference was used to gauge uncertainty around
predicted sex-ratios of mortality for each country and age group. Using the clarify package
for R, 1,000 sets of coefficients were simulated from their implied distribution after fitting
the model to the data. For each country, these simulated coefficients were used to generate
predictions of the mortality rate for males and females for each of the five age groups, by
country and year. Taking the ratio of the simulated predicted mortality rates for males and
females yielded a distribution of 1,000 predicted sex-ratios of mortality for each age-group
that can be used for inference and generating uncertainty bounds. Annex Figure Al
illustrates the results and fit (uncertainty bounds) for one country (Uruguay) of the country
and year-specific Poisson model.

Results

We start with some brief descriptives of the data we have available. The male-to-female ratio
of expected all-cause mortality by age group (starting at age 45) for nearly every country in
2020 is above one (Figure 1). The lone exceptions are among the oldest age groups (85+) in
Albania and Bosnia and Herzegovina, along with ages 55-74 in Kuwait. In almost all
countries, the sex ratio declines starting with the 65-74 age group or earlier. The handful of
countries which do not fit this pattern are Bolivia, the Arab Republic of Egypt, the Islamic
Republic of Iran, Kuwait, and Nicaragua. The range on the sex-ratio stays between 1 and 2.
In sum, among the countries in this sample, at age 50, men were just over twice as likely to
be expected to die from all causes than women, on average, in 2020. The pattern of the sex
ratio in mortality by age tends to take an inverse J-shape. These results for all-cause mortality
are consistent with evidence noted earlier that pre-dates the COVID-19 pandemic.

The pattern of sex-ratio in excess deaths in 2020 by age show much more variation across
countries (Figure 2), and especially as compared to a generally consistent pattern we
observe in expected all-cause mortality in Figure 1. The general decline or mild inverse J-
shape seen in Figure 1 across all countries is no longer present. Instead, we observe a wide
range of differing patterns, in some cases a ] shape than an inverse | shape (such as in Iran
and South Africa). Second, the scale itself is much wider. Whereas before the ratio stayed
between 1 and 2, we now have some extremely high ratios, and a handful of values below 1
(and in a few cases, below 0). For example, the excess mortality sex-ratio for men and women
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in Germany ages 65-74 jumps to 30, whereas it is negative for German adults 45-54 years.
For both 45-54 and 55-64 year olds, the sex-ratio is negative in the Dominican Republic, but
jumps to over 18 for 75-84 and 85+ age groups. Part of this reflects the sensitivity of ratios
for small base value comparisons. For example, in Hungary, the estimate of excess deaths for
women 45-54 years old is -3.3 (effectively 0), whereas for men it is 126, resulting in a ratio
of -37. Similarly, in the Dominican Republic, there were 14 estimated excess deaths for
women 85 and older, compared to 256 for men, resulting in a ratio of 19.

Drawing on our Poisson estimates, Table 2 reports the estimates of four measures: female
mortality at age 65, male-female mortality ratio at age 65, and the age slope of female and
male morality for an additional 10 years of age. These are estimated for 2020 expected all-
cause mortality, 2020 excess mortality, and 2021 excess mortality. Table 3 shows the
population-weighted results overall and for each of three country-income tercile groupings
(population weighted).

In 2020, the average ratio of male-to-female mortality is higher for excess deaths (2.21) than
for expected all-cause deaths (1.69) (2020 columns 2 and row 1 of Table 3), and this is also
the case for each of the three country-income tercile groups (Table 3). COVID-19 amplified
the gender mortality gap, at least at the age point of 65, in 2020. By 2021, the sex-ratio of
excess deaths has fallen (to 1.84) but is still above the sex ratio for expected all-cause
mortality in 2020 (1.69). However, across income terciles there is variation. In the lowest
income grouping, the excess mortality sex ratio in 2021 is slightly lower than for expected
all-cause deaths in 2020, whereas in the high-income countries, it remains well above (2.23
in 2021 and 2.3 in 2020 compared to 1.71 for expected all cause deaths in 2020).

The slope of the curve of mortality by age (the change in mortality associated with an
additional 10 years of age) goes up sharply from expected all-cause to excess deaths for both
women (from 2.95 to 3.46) and for men (2.49 to 2.89) in 2020. And this slope is greater for
women than men, as is expected given the higher mortality rates at younger ages for men in
excess deaths in 2020. (The sex-ratio of mortality at age 65 is necessarily linked to the age-
slope of mortality for women and men.) These patterns in excess mortality patterns shift
remarkably by 2021. By 2021, the age slope of mortality shows much less of a gap; it is
relatively similar for women (2.40) and for men (2.33).

Notably, this pattern in excess death age-slopes differs across our country-income terciles in
2020. The age slope of mortality is highest for women in high-income countries for 2020
(both expected all-cause deaths and excess deaths), but it falls dramatically by 2021 when it
is slightly lower than that of men (2.40 for women and 2.49 for men). On the other hand, in
countries in the first and second terciles, in 2021, the age slope in mortality remains slightly
higher for women.

A last point of note is that female excess mortality at age 65 increases dramatically (almost
doubles) for countries in the first and second terciles from 2020 and 2021 (from 447 to 832
for tercile 1 countries, and from 439 to 824 for tercile 2 countries), whereas it increases
much more modestly from 2020 to 2021 for the high-income countries in tercile 3 (from 131
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to 149). Another way to view the patterns by age, sex, and country, is to examine the
mortality sex-ratio (M/F) for countries by tercile of GNI per capita, as shown in Figure 3. (See
also Annex Table A1l.) These figures show that the widening of the gender mortality gap
driven by COVID-19 in 2020 was limited to higher income countries and principally among
adults ages 45-54 and 55-65. Figure 4 displays the same data with individual country points.
Annex Figure A2 shows the same figure with the subset of countries held constant across
years.

Discussion

This paper, using a global dataset covering a wide swath of middle- and high-income
countries, confirms previous findings, based on more limited data, that for all age groups
above age 45 and in all countries with few exceptions, men die at higher rates than women.
It also identifies global variation in patterns of COVID-19 mortality by age and sex. The
findings complement the finding from Demombynes et al. (2022) that the age curve of excess
deaths in 2020 was flatter for middle-income countries and steeper in wealthier countries.
The findings in this paper demonstrate that this difference is principally driven by the
mortality patterns of men, resulting in COVID-19 amplifying the gender mortality gap in
2020 more in richer countries as compared to less-wealthy countries.

An important limitation of this study is that because it excludes excess mortality estimates
not based on actual observed mortality, it does not include any low-income country.

Still, these findings point to the need to consider public policies during public health
emergencies that offer more targeted protection for men over 45 with co-morbidities, for
example those working in jobs exposing them to a higher risk of infections.

The patterns found will hopefully inspire future country-level research using cause-of-death
data to get a fuller understanding of relevant drivers of age-gender mortality patterns. It is
worthwhile to explore structural socioeconomic conditions that vary with country income
and sex, which would also interact with both infection exposure and fatality rates. This would
include, for example, the structure of jobs and employment patterns (well documented to
vary by country income and sex), especially the extent of remote work opportunities which
may reduce exposure to infections during a pandemic. Another example is the extent of
residency in long-term care facilities. Older persons, especially older women, have higher
likelihoods of residing in nursing homes in wealthier countries. When these facilities are of
poor quality and safety they result in greater exposure (Webster 2021). A third area could
be the profile of co-morbidities pre-existing in the population. For example, women are
relatively more obese than men in low- and middle-income economies but not in high-
income countries (Ameye and Swinnen 2019).

Lastly, the analysis in this paper is also a reminder of the value of demographic data and the
value of efforts by country governments and international organizations to promote and
standardize vital statistics data.
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Table 1. Sample of countries in the analysis

Income GNI per capita Countries
Tercile (PPP) range "
Albania, Azerbaijan, Bolivia (Plurinational State of), Brazil, Colombia,
| 2 5.030 - 15.530 Cuba, Ecuador, Egypt (Arab Republic of), Georgia, Guatemala, Iran
’ ’ (Islamic Republic of), Iraq, Kyrgyzstan, Republic of Moldova, Mongolia,
Nicaragua, Peru, Paraguay, Tunisia, Ukraine, Uzbekistan, South Africa
Argentina, Bulgaria, Bosnia and Herzegovina, Chile, Costa Rica, Dominican
) 2 16,090 - 33.730 Republic, Greece, Croatlg, Hung.ary, Kazakhstan, LaFv1a, Mexico, Oma.m,
Panama, Poland, Romania, Russian Federation, Serbia, Slovak Republic,
Thailand, Uruguay, Malaysia
Australia, Austria, Belgium, Canada, Switzerland, Czechia, Germany, Spain,
3 22 36,330 - 70,150 Estonia, Finland, France, The United Kingdom, Israel, Italy, Japan, Republic

of Korea, Kuwait, Lithuania, Netherlands, Portugal, Sweden, United States

Note: Country sample used from the WHO Global Excess Deaths dataset.



Figure 1

Expected all-cause male-female mortality ratio, 2020
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Figure 2

Excess male-female mortality ratio, 2020

Albania Argentina Austria Azerbaijan Belgium Bolivia (Plurinational
0 4.0 3.0 2.0
1 20 20 25 10 2.01
3.04 i
10 2.0 0.0 0.01
2.04 20 ' 1.5 ' 20
1.04 1.0 1.0 -1.0 :
Bosnia and Herzegc Brazil Bulgaria Canada Chile Colombia
3.0
25 o 25 5.0 25 2.0/
2.0 ' 20 o 20 2.5
2.0 3.0 : 2.0
1.51 15 3 2.0 15 151
1.01 1.0 1.0 1.0 1.0 1.0
Croatia Czechia Dominican Republic Ecuador Egypt France
2.5 o/o\o/o\o 1.6
3.0 200 0.0
2.01 2 1.4
0.0 -4.0
1.51 2l 1.5 1.2 ¢
-20.0 -8.01
1.04 1.0 1.0 1.0
Georgia Germany Greece Guatemala Hungary Iran (Islamic Republ
3.01 30.0 0.0 2.0
25 . Ul 3.0 181
y d -10.0
2.04 10.0 -3.0 . 20,0 154
151 0.0 6.0 -30.0 k2,
1.04 -10.0 1.0 1.04
Iraq Israel Italy Kazakhstan Kuwait Kyrgyzstan
] 3.0
1328 10.0 a5 . 2.0 2.0
50'0_ 7.5 ' i 1.8 1.81
el 5.0 2 16 15 15
0.0 25 L 12 1.2 121
1.0 1.0 1.0
50 Lithuania Mexico Netherlands Nicaragua Oman Panama
.01 5.0
20 2.5
Ul 3.0 00 / 20.0 4.0
3.0 2'0 2.0 3.0
2.0 & 10.0
4 1.5 4
2.0 < 2.0
1.0 1.0 1.0 0.0 1.04
Peru Poland Portugal Republic of Moldove Romania Russian Federation
3,54 10.0 2 25 21
3.0-0\0‘_0/\ o 200 2,0 : 118_0/0/\/0
2.5 ) 15.0 1.5 2.0
2,01 5.0 10.0 1.0 15 1.51
1.51 25 5.0 0.5 ; 1.2
1.0 0.0 0.0 1.0
Serbia Slovakia South Africa Spain Sweden Switzerland
4.04 12 20 3.0
: 25 18 10 2.0
0.8 : i
2y 20 15 0.0 ;-g
] 0.4 : -1.0 .01
2.0 15 12 2.0 -1.01
1.0 1.0 00 -3.0 -2.01
Thailand The United Kingdom Tunisia Ukraine USA Uzbekistan
2.54
a6 25 5.0 2.0 25 20!
251 2.0 — 1.5 2.0
J 3.0 2.0
-5.0 1.5 20 1.0 1.5
5 1.0 1041, 0.5 1.0 1.04

50 60 70 80

50 60 70 80

50 60 70 80

50 60 70 80

Age (Lower bound)

Note: Author's calculation from the WHO Global Excess Deaths dataset

1

o

50 60 70 80

50 60 70 80



Table 2. Country regression estimates describing how mortality rates vary by age
and sex

Female Ratio of Age-slope Age-slope Female Ratio of Age-slope Age-slope Female Ratio of Age-slope Age-slope

mortalitymale-to-femaleof female  of male mortalitymale-to-femaleof female  of male mortalitymale-to-femaleof female  of male

rate per  mortality mortality mortality rate per  mortality mortality mortality rate per  mortality mortality mortality
100,000 (1) (2) (3) () 100,000 (1)  (2) (3) ) 100,000 (1) (2) (3) (4)

All-cause deaths

(expected):2020 Excess deaths:2020 Excess deaths:2021
Kyrgyzstan 26426 177 2.89 23 783.9 1.81 3.08 2.99
Nicaragua 18658 152 2.58 2.48 558.4 2.54 3.18 3.08
Uzbekistan 2,533.2 164 2.55 252 325.3 1.9 2.84 343 271.1 1.53 3.38 2.98
Bolivia (Plurinational State of) 3,586.9  1.39 3.22 3 1,135 341 1.77 2413 18524 249 1.64 1.95
Guatemala 28053 1.3 2.32 2.22 4046 313 1.87 1.98 11599 188 2.07 2.08
Cuba 19198 152 2.72 2.34 728.7 1.89 3.25 2.88
Iraq 19875 131 2.7 2.52 383.4 3.88 3.98 293
Tunisia 17694  1.84 3.27 2.89 186.4 1.83 258 279
Ecuador 16173 146 2.94 2.79 915 2.26 24 236 666.7 1.84 2.69 2.2
Mongolia 26677 211 2.58 2.04 6596 035 2.74 257
Egypt{« = 2941 1.56 2.54 25 704.1 1.37 3.05 324
Peru{2 = 2083 1.32 2.93 272 824.6 292 2.11 2.05 13023 183 2 1.83
Ukraine{ £ = 2115 212 277 2.04 173 1.67 3.26 3.15 628.2 1.38 3.19 301
Paraguay{"™ 20772 163 27 2.41 13858 141 2.14 2,02
Republic of Moldova 25092 197 259 2.14 4395 17 295 3.09 926.4 1.62 3.01 3.09
South Africa 34711 161 2.07 19 943 0.61 1.96 202 19602 092 1.93 1.81
Albania 13173 157 36 261 318.3 225 324 272 577.5 1.78 3.03 253
Azerbaijan 24736 166 3.04 251 503.2 1.96 247 27 10494 13 25 282
Iran (Islamic Republic of) 18883 157 3.4 347 639.5 1.48 343 357 844.8 1.18 2.42 2,67
Brazil 19044 1.6 275 2.44 2125 2.38 4.02 3.04 701.5 1.55 2.43 2.16
Georgia 24819 229 2.95 2.34 231.1 2.31 4.09 33 1,099 1.42 2,62 2,91
Colombia 14928 151 3.09 292 2911 243 33 303 685.8 1.77 257 2.41
Bosnia and Herzegovina 1,996.3 1.54 2.85 23 205.7 2.1 347 2.54
Thailand 13264 1.9 2.43 2 110 0 2.12 0 269.8 0.38 1.9 0.81
Dominican Republic 1,992 1.58 26 2.41 256 |60l 233 2.01 2055 231 2.82 223
Serbia 2,074 1.77 278 2.41 305.5 243 254 235 804.4 1.71 2.49 261
Mexico 20216 143 257 2.18 710.3 226 1.68 1.72 824 1.9 1.75 1.82
Costa Rica 13242 152 2.88 257 252.4 1.73 2.37 1.95
Argentina 18283 165 2.69 25 176.2 2.86 1.94 225
Uruguay 17537  1.79 2.67 2.49 3415 201 1.67 1.99
Kazakhstan 22787 198 2.94 2.27 655.2 1.96 28 266 1,162 1.59 2.83 273
Bulgaria 2,040.5  1.91 2.88 2.19 3725 2. 1.95 2.09 1,0165 16 213 2.1
Chile 13197 152 2.86 245 159.5 23 2.35 242 2518 2.1 273 2.2
Malaysia{ oy = 2,203.8 144 2.64 22
Russian Federation{ £ 21792  2.06 2.78 2.02 548.8 1.9 2.38 2.36 11895  1.38 2.29 2.23
Greece{ & 1,769 1.9 3.84 2.49 25.9 127 [EEZNEEAN 2128 1.41 3.44 2.93
Croatia{"© 15515  1.89 3.22 2.42 159.2 2.09 337 3.05 404.9 1.94 2.8 2,55
Panama 13999 16 2.74 2.59 219.2 245 233 231
Latvia 18603  2.15 2.81 2.08 541 1.78 2.48 1.87
Romania 20866  1.98 2.79 2.14 241.3 243 3.34 276 712.4 1.52 2.67 2.48
Slovakia 16979 1.9 2.95 23 126.4 2.18 451 3.89 675.1 1.81 2.87 2.42
Oman 2,500.1 153 3.39 3.11 405.8 25 512 295 1,231 1.31 3.55 2.46
Poland 16734 198 2.9 2.23 119.3 3.65 5.14 359 385.5 1.94 3.12 2,68
Hungary 20711 181 2.81 2.21 150.4 2.26 3.4 2.86 461.1 1.99 2.06 1.97
Portugal 10787 209 3.52 261 59.4 256 | 664 387 80.7 2.49 4.42 36
Estonia 14328 228 3.07 2.24 2439 238 3.37 3
Lithuania 16438 216 2.92 2.1 252.8 3.01 2.55 1.94 527.4 209 2.71 23
Czechia 15255 184 3.22 2.51 109.2 3.03 52 4.24 327 2.36 2.79 2.72
Israel 1,127 1.6 3.43 2.8 455 3.49 467 3.13 1121 1.63 3.52 2.99
Spain 900 2,02 3.64 2.77 1417 1.86 4.04 354 83.8 2.08 2.56 2.66
Republic of Korea 791.9 2.23 3.57 2.71 27 1.4 3.09 515!
Japan 6953 224 3.82 28 313 322 1.43 2.41
Italy 986.5 1.72 3.69 2.98 120.7 2.57 4.19 334 130.8 2 263 2.82
The United Kingdom 13356 146 3.13 2.74 126.1 217 403 3.09 155.4 1.64 273 2.15
Canada{ e = 12003 1489 347 273 299 3.44 354 29 34.4 4.44 1.24 1.66
Australia{ £ 10048 158 3.45 2.82 57.6 2.06 2 221
France{ § 10266 192 3.37 26 49.1 254 45 4.25 325 3.34 424 4.19
Finland{© 10857 187 355 269 395 26 3.19 4.19
Belgium 12407 161 326 275 978 221 | 547 435 527 252 1.91 281
Kuwait 1,1651  0.86 3.47 2.92 4122 1.32 317 232 568.9  0.84 3.35 2.7
Sweden 10418 146 3.58 313 46 2.96 30.2 3.44 1.89 2.74
Netherlands 12655 1.4 3.35 3.05 232 4.46 70.8 226 4.82 4.19
Austria 11217 175 3.55 271 50.1 157 91.8 1.78 3.35 4.01
Germany 12748 173 3.28 264 20.9 235 | 657 485 824 2.1 3.33 2.45
USA 16788 145 277 2.36 198.6 1.97 36 254 284.7 1.71 1.89 167
Switzerland 9357 161 37 3.03 38.7 35 [ ENT 37.2 3.17 3.07 3.01

Note: Columns 1-4 are regression coefficients based on the country-specific Poisson model described in the text applied to the WHO Global Excess
Deaths dataset. Column 1 is the predicted female mortality per 100,000 at age 65. Column 2 is the predicted ratio of male-to-female mortality at age
65. Columns 3 & 4 is the increase in mortality risk for women and men respectively associated with an additional 10 years in age. In 2020, for all age
groups at or above 55, excess death estimates for males in Thailand are negative, since these values were bottom coded to 0 the sex-ratio at age 65 is
0 and the association of excess deaths with age for males is also 0. Countries are sorted by GNI per capita (PPP)
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Table 3: Results from country regression estimates describing how mortality rates
vary by age and sex, by income tercile groupings

Female Ratio of ~ Age-slope Age-slope Female Ratio of  Age-slope Age-slope Female Ratio of  Age-slope Age-slope
mortality male-to-female of female of male mortality male-to-female of female of male mortality male-to-female of female of male
rate per mortality mortality mortality rate per mortality mortality mortality rate per mortality mortality mortality
100,000 (1) 2) (3) “4) 100,000 (1) 2) 3) (4) 100,000 (1) 2) (3) (4)
All-cause deaths . .
(expected):2020 Excess deaths:2020 Excess deaths:2021
Average (all countries) 1,743.7 1.69 2.95 249 328.1 2.21 3.46 2.89 511.7 1.84 2.4 2.33
Tercile 1 average 2,167.3 1.61 2.72 249 446.6 1.88 3.14 2.71 831.5 1.37 242 2.18
Tercile 2 average 1,974.3 1.77 2.78 222 438.9 2.61 2.71 247 823.6 1.71 2.38 224
Tercile 3 average 1,249.9 1.71 3.24 2.63 130.9 23 3.35 148.7 2.23 24 2.49

Note: Columns 1-4 are regression coefficients based on the country-specific Poisson model described in the text applied to the WHO Global Excess
Deaths dataset. Column 1 is the predicted female mortality per 100,000 at age 65. Column 2 is the predicted ratio of male-to-female mortality at age
65. Columns 3 & 4 is the increase in mortality risk for women and men respectively associated with an additional 10 years in age. This table shows the
population weighted averages of the country specific coefficients shown in Table 2 overall and by income terciles.
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Figure 3. Predicted mortality sex ratio by age group and country income tercile

Age-groups: 45-54 years, 55-65, 65-74, 75-84,
All-cause deaths (expected): 2020 Excess deaths: 2020 Excess deaths: 2021

Mortality sex-ratio (M/F)

 m— P— " ! |I[JU

1 2 3 1 2 3 1 2 3
GNI per capita tercile
Notes: Results are based on the country-specific Poisson model described in the text applied to the WHO Global
Excess dataset. It shows the median and interquartile ranges (uncertainty bars) of predicted mortality sex ratio
for each age group by country income (in three groups) as defined in Table 1.
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Figure 4. Predicted mortality sex ratio by age group and country GNI per capita

Age-groups: 45-54 years, 55-65, 65-74, 75-84,

All-cause deaths (expected): 2020 Excess deaths: 2020 Excess deaths: 2021
N countries = 66 N countries = 54 N countries = 57

10

$20,000  $40,000  $60,000 $20,000  $40,000  $60,000 $20,000  $40,000  $60,000
GNI per capita (PPP)
Note: Results are based on the country-specific Poisson model described in the text applied to the WHO Global
Excess Deaths dataset. Each point represents the median predicted relative risk of mortality between men and women
for a single country from a simulation of 1,000 parameter draws of the Poisson model. The lines for each group are
loess fits of this median ratio of predicted mortality, using 85% of the points in the neighborhood at each point
along the x-axis. The shaded areas show the lower 25th and upper 75th percentiles of the predictions. The y-axis
is censored at 10 in the figure; in 2020, there are 2 countries with data points above this cut-off: Dominican
Repléblic (all age-groups) (sex ratio 11-22, GNI per cap $18,080), Netherlands (age 45-54) (sex ratio 12.9, GNI per
cap $58,980)
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Annex

Table A1l. Predicted mortality sex ratio by age group and country income tercile

Mortality type and

Age (Lower

year bound) Tercile 1 (Poorest) Tercile 2 Tercile 3 (Richest)
45 2.08 (1.6-2.84) 2.75 (2.05-3.49) 2.66 (1.95-3.7)
55 1.83 (1.54-2.25) 2.23 (1.79-2.63) 2.14 (1.69-2.73)
22;1?:3)‘:1%28 65 1.62 (1.45-1.83) 1.82 (1.59-1.98) 1.71 (1.47-2.03)
75 1.44 (1.27-1.61) 1.47 (1.34-1.57) 1.37 (1.25-1.53)
85 1.25 (1.1-1.45) 1.17 (1.05-1.33) 111 (1-1.22)
45 2.33 (1.45-3.5) 2.76 (2.01-5.17) 3.98 (2.49-6.47)
55 2.29 (1.56-3.04) 2.49 (1.99-3.67) 3.17 (2.15-4.58)
Excess deaths: 2020 65 2.14 (1.65-2.77) 2.31(1.94-2.9) 2.54 (1.89-3.31)
75 1.95 (1.56-2.61) 2.03 (1.75-2.55) 2.08 (1.64-2.49)
85 1.84 (1.37-2.69) 1.81 (1.39-2.44) 1.62 (1.3-2.02)
45 1.68 (1.11-2.38) 2.19 (1.61-3.06) 2.25(1.29-3.5)
55 1.64 (1.19-2.11) 1.95 (1.56-2.43) 2.22(1.5-3.1)
Excess deaths: 2021 65 1.56 (1.27-1.91) 1.79 (1.48-2.06) 2.19 (1.65-2.99)
75 1.51 (1.22-1.8) 1.6 (1.35-1.87) 2.19 (1.6-3.29)
85 1.4 (1.06-1.84) 1.42 (1.14-1.74) 2.18 (1.37-3.9)

Note: This table shows the median and interquartile ranges in parentheses of predicted mortality sex ratio for each

age group, by country income tercile grouping as shown in Figure 3.
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Figure A1l. Uruguay example of country-specific Poisson model fit

Uruguay
Absolute and relative risk of mortality for males and females by type of death and age group
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101
T
£
81 o ¢
g8
2=
58
61 Eo_
=8
& mn
e
L g
1=
3 £ o}
28 : .
- =
M »
21 3 — *) - o
£ N S—) =t :
Q
11 =
7500 X
0
x O
il P
=)
5000 ¢ =3
Sow®
- 0 E
olc =
ged
2500+ < g
5 E M
ol c . =
50 60 70 80 50 60 70 80

Age (Lower bound)

Note: The bands above and below the median estimate represent the 5th and 95th percentile of
the simulated distribution of predicted sex-ratios at a given age, describe in detail in the text.
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Figure A2. Country income patterns in predicted mortality sex ratio, constant
country comparison

Age-groups: 45-54 years, 55-65, 65-74, 75-84,

All-cause deaths (expected): 2020 Excess deaths: 2020 Excess deaths: 2021
N countries = 46 N countries = 46 N countries = 46

10+

$20,000 $40,000 $60,000 $20,000 $40,000 $60,000 $20,000 $40,000 $60,000
GNI per capita (PPP)

Note: Results are based on the country-specific Poisson model described in the text applied to the WHO Global
Excess Deaths dataset, restricted to 46 countries with each of the three mortality series (all-cause 2020, excess
deaths 2020, and excess deaths 2021). Each point represents the country-specific median of the ratio of predicted
mortality for men and predicted mortality for women (by age group) based on a simulation of 1,000 parameter
draws of the Poisson model. The lines for each group are loess fits of this median ratio of predicted mortality,
using 85% of the points in the neighborhood at each point along the x-axis. The shaded areas show the lower 25th
and upper 75th percentiles of the predictions. The y-axis is censored at 10 in the figure; in 2020, there are 2
countries with data points above this cut-off: Dominican Republic (all age-groups) (sex ratio 11-22, GNI per cap
$18,080), Netherlands (age 45-54) (sex ratio 12.9, GNI per cap $58,980)
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