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Objective: To analyze 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. 

Methods: We used World Health Organization excess mortality estimates by sex and age groups for 75 

countries in 2020 and 62 countries in 2021, restricting the sample to estimates based on recorded all- 

cause mortality data. We examined patterns across countries using country-specific Poisson regressions 

with observations consisting of the number of excess deaths by groups defined by sex and age. 

Findings: Men die at higher rates in nearly all places and at all ages beyond age 45. In 2020, the pan- 

demic amplified this gender mortality gap for the world, but with variation across countries and by coun- 

try 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 mortality. The exacerbation of the sex ratio of excess mortality observed in 

2020 in high-income countries, however, declined in 2021. 

Conclusion: The COVID-19 pandemic has killed men at much higher rates than women, as has been well 

documented, but these gender differences have varied by country income. These differences were the 

result of some combination of variation in gender patterns of infection rates and infection fatality rates 

across countries. The gender gap in mortality declined in high-income countries in 2021, likely as a result 

of the faster rollout of vaccination against COVID-19. 

© 2024 Published by Elsevier Ltd on behalf of International Society for Infectious Diseases. 

This is an open access article under the CC BY-NC-ND IGO license 

( http://creativecommons.org/licenses/by-nc-nd/3.0/igo/ ) 
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In all countries around the world, women live longer than men 

 1 , 2 ]. There is well-established evidence of a gender mortality gap

riven by a range of environmental, genetic, and cultural factors 

 3 ]. The persistence of higher mortality for men than women has 

een documented with data typically drawn principally from high- 

ncome countries [ 4 ]. But these patterns have also been shown in 

ow-income regions of the world [ 5 ]. 
∗ Corresponding author: Kathleen Beegle, World Bank, USA. 

E-mail address: kbeegle@worldbank.org (K. Beegle) . 
# Beegle is the corresponding author. The findings, interpretations, and conclu- 

ions expressed in this paper are entirely those of the authors. They do not nec- 

ssarily represent the views of the World Bank and its affiliated organizations, or 

hose of the Executive Directors of the World Bank or the governments they repre- 

ent. 

d

t

m

p

1

d

w

c

ttps://doi.org/10.1016/j.ijid.2024.107167 

201-9712/© 2024 Published by Elsevier Ltd on behalf of International Society for Infectio

 http://creativecommons.org/licenses/by-nc-nd/3.0/igo/ ) 
Prior to the 1950s, disproportionately higher deaths of male 

han female infants were the main driver of the longer life ex- 

ectancy of women, but more recently the elevated mortality of 

lder men has driven the gender gap in life expectancy [ 6 ]. The

OVID-19 pandemic exacerbated this gap as age-standardized ex- 

ess death rates were higher for men than women in many coun- 

ries [ 7 , 8 ]. The sex inequality in mortality grew in many high-

ncome countries due to COVID-19, though in the US, this dispar- 

ty has been characterized as modest, and mortality from the pan- 

emic has not changed the “fundamental dynamic” of sex mor- 

ality gaps [ 9 ]. Likewise, for European countries, the difference in 

ortality by sex during the COVID-19 pandemic is similar to pre- 

andemic patterns [ 10 ]. In non-high-income settings, both COVID- 

9 and excess death age-mortality curves are flatter, only in part 

ue to population structure [ 11 ]. This suggests that the extent to 

hich the gender gap in mortality increased likely differs across 

ountry income levels. In part due to the lack of data, previous 
us Diseases. This is an open access article under the CC BY-NC-ND IGO license 
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etailed analysis of COVID-19 mortality patterns by age have com- 

ined both sexes, neglecting this well-established fact that mortal- 

ty rates of men are higher than that of women and that this might 

ary by country income level. 

This study draws on recent data that were not available for 

arlier studies to examine the extent to which the gender gap in 

ortality shifted in high- and middle-income countries during the 

OVID-19 pandemic. Unfortunately, underdeveloped civil registra- 

ion systems for reporting on male and female deaths limits data 

vailability in low-income countries, a persistent limitation in the 

tudy of global population-level mortality patterns. 

ethods 

ata sources 

We use the “Global excess deaths associated with COVID-19 

modelled estimates)” dataset (May 19, 2023 update), produced by 

HO’s Technical Advisory Group on COVID-19 mortality assess- 

ent. This dataset contains estimates of expected all-cause deaths, 

ll-cause deaths (actual or predicted if actual was not available), 

nd excess deaths by age group and sex for 194 countries for 2020 

nd 2021. Expected all-cause deaths were forecasted using historic 

ountry-level monthly mortality data prior to the pandemic and 

erve as reference point in the absence of COVID-19. Excess deaths 

ere computed as “the mortality above what would be expected 

ased on the non-crisis mortality rate in the population of interest”

y differencing actual/predicted all-cause deaths from expected all- 

ause deaths [ 12 ]. There is extensive documentation of the data 

nd methods applied to generate these estimates [ 13 ]. 

These estimates are not of direct COVID-19 deaths only but 

ather are an estimate of the combination of direct and indirect 

OVID-19 mortality, as measured by excess deaths. Lacking actual 

easures of direct and indirect COVID-19 mortality by sex, we rely 

n estimates of excess deaths by sex. We check the reliability of 

hese data by comparing sex mortality ratios from the estimate of 

xcess deaths and those from reported COVID-19 deaths for a sub- 

et of countries for which this is available. This ratio of ratios is not 

lways 1. However, there is no clear pattern suggesting that the ra- 

io based on excess deaths is different from that constructed from 

eported COVID-19 mortality (not shown here but available upon 

equest). 

This dataset also contains population counts from the World 

opulation Prospects by country, year, sex, and age [ 8 ]. The dataset 

overs 194 countries in 2020 and 194 in 2021. For this analysis, 

nly countries with excess death estimates based on actual all- 

ause death (not predicted) by sex and age group are included. 

his limits the sample to 75 countries in 2020 and 62 countries in 

021. Additionally, we exclude countries with total excess deaths 

both sexes combined) below 20 0 0 in either 2020 or 2021. After 

pplying these two criteria, we have 66 countries in this analy- 

is: 54 in 2020 and 57 in 2021. 1 Lastly, we analyze mortality data 

nly for adults 45 years and older, since excess death rates are ex- 

remely low for younger ages. 
1 The 66-country sample used from the WHO Global Excess Deaths dataset is 

ivided into three income terciles. Income tercile 1 (GNI per capita PPP range 

5030-$15,530) includes Albania, Azerbaijan, Bolivia (Plurinational State of), Brazil, 

olombia, Cuba, Ecuador, Egypt, Georgia, Guatemala, Iran (Islamic Republic of), 

raq, Kyrgyzstan, Republic of Moldova, Mongolia, Nicaragua, Peru, Paraguay, South 

frica, Tunisia, Ukraine, and Uzbekistan. Income tercile 2 (GNI per capita PPP range 

16,090-$33,730) includes Argentina, Bulgaria, Bosnia and Herzegovina, Chile, Costa 

ica, Dominican Republic, Greece, Croatia, Hungary, Kazakhstan, Latvia, Malaysia 

exico, Oman, Panama, Poland, Romania, Russian Federation, Serbia, Slovakia, Thai- 

and, and Uruguay. Income tercile 3 (GNI per capita PPP range $36,330-$70,150) 

ncludes Australia, Austria, Belgium, Canada, Switzerland, Czechia, Germany, Spain, 

stonia, Finland, France, The United Kingdom, Israel, Italy, Japan, Republic of Korea, 

uwait, Lithuania, Netherlands, Portugal, Sweden, and USA. 
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haracterizing age-mortality patterns 

To characterize the age-mortality patterns drawing on the data 

rom multiple countries, we estimate a model of the age-mortality 

urve with interactions by sex for each country. There are three 

easons for this modeling as a complement to analysis of the coun- 

ry mortality data described above. First, the model produces a 

lope of the age-mortality curve by sex. Second, it enables the use 

f predicted values for some estimated quantities which minimize 

he influence of outliers. And third, we can use the model to com- 

ute confidence intervals for characterization of the age-sex mor- 

ality patterns for these three mortality indicators. 

The models are estimated separately for 2020 and 2021 by fit- 

ing a Poisson regression using deaths as the response variable and 

opulation as an offset. 

x,s,i ∼ P oisson
(
ux,s,i θi 

)

here 

i = exp 

(
β0 ,i + β1 ,i × Male + β2 ,i Age + β3 ,i × Age × Male 

)

here the age and sex-specific number of deaths is Dx,s,i for the 

0-year age group age x to age x + 9 , x = {45 , 55 , 65 , 75 , 85 } for

ex s = {Mal e, F emal e } in country i. The x = 85 data points corre- 

pond to the group consisting of all ages 85 years and above. To 

nterpret death counts as mortality rates (for the age-sex-specific 

opulation), an exposure term ux,s,i was introduced as an offset in 

he model as log (ux,s,i ) . Male is a binary variable where 1 corre- 

ponds to men and 0 corresponds to women and Age is a contin- 

ous variable centered at age 65. The coefficients exp (β0 ,i ) repre- 

ent the mortality rate for females at the age of 65 years, exp (β1 ,i ) 

epresents the male-to-female mortality rate ratio at the age of 65, 

xp (β2 ,i ) represents the mortality rate ratio for females that differ 

y 10 years in age, exp (β2 ,i + β3 ,i ) represents the mortality rate ra- 

io for males that differ by 10 years in age. The Poisson regression 

as fit separately with Dx,s,i defined in terms of expected all-cause 

eaths and with Dx,s,i defined in terms of estimated excess deaths 

or both years. For the latter, when estimated excess deaths were 

ess than 0, they were recoded to 0. 

Once the parameters of each country were estimated for ex- 

ected all-cause and excess deaths for both years, a simulation- 

ased inference was used to gauge uncertainty around predicted 

ex ratios of mortality for each country and age group. Using the 

larify package for R, 10 0 0 sets of coefficients were simulated from 

heir implied distribution after fitting the model to the data. For 

ach country, these simulated coefficients were used to generate 

redictions of the mortality rate for males and females for each of 

he five age groups, by country and year. Taking the ratio of the 

imulated predicted mortality rates for males and females yielded 

 distribution of 10 0 0 predicted sex ratios of mortality for each age 

roup that can be used for inference and generating uncertainty 

ounds. 

esults 

We start with some brief descriptives of the data we have avail- 

ble. The male-to-female ratio of expected all-cause mortality by 

ge group (starting at age 45) for nearly every country in 2020 is 

bove one ( Figure 1 ). The lone exceptions are amongst the oldest 

ge groups (85 + ) in Albania and Bosnia and Herzegovina, along 

ith ages 55-74 in Kuwait. In almost all countries, the sex ratio 

eclines starting with the 65-74 age group or earlier. The handful 

f countries which do not fit this pattern are Bolivia, Egypt, Iran, 

uwait, and Nicaragua. The range on the sex ratio generally stays 

etween 1 and 2. In sum, among the countries in this sample, at 

ge 50, men were just over twice as likely to be expected to die 

rom all causes than women, on average, in 2020. The pattern of 
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Figure 1. 2020 Expected all-cause male-female mortality ratio. Description of the illustration: 2020 Expected all-cause male-female mortality by age group (starting at age 

45) and country. 
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he sex ratio in mortality by age tends to take an inverse J-shape. 

hese results for all-cause mortality are consistent with evidence 

oted earlier that pre-dates the COVID-19 pandemic. 

The pattern of sex ratio in excess deaths in 2020 by age is still

avoring women ( Figure 2 ), but also shows much more variation 

cross countries as compared to a generally consistent pattern we 
3

bserve in expected all-cause mortality in Figure 1 . The general de- 

line or mild inverse J-shape seen in Figure 1 across all countries 

s no longer present. Instead, we observe a wide range of differing 

atterns, in some cases a J shape rather than an inverse J shape 

such as in Iran and South Africa). Population size may also fac- 

or into the wide variation in patterns in the sex ratio of excess 
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Figure 2. 2020 Excess male-female mortality ratio. Description of the illustration: 2020 Excess male-female mortality ratio by age group (starting at age 45) and country. 
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eaths since smaller countries have worse P -scores (the ratio of ex- 

ess deaths to expected deaths) [ 13 ]. Overall, the greater variation 

n patterns in the gender ratio for excess deaths as compared to 

xpected all-cause mortality suggests country variation in COVID- 

9 sex-age mortality rates. In addition to the patterns differing, 

he scale itself is much wider. Whereas before the ratio generally 

tayed between 1 and 2, we now have some extremely high ratios, 
4

nd a handful of values below 1 (and in a few cases, below 0). For

xample, the excess mortality sex ratio for men and women in Ger- 

any ages 65-74 jumps to 30, whereas it is negative for German 

dults 45-54 years. For both 45-54 and 55-64 years olds, the sex 

atio is negative in the Dominican Republic but jumps to over 18 

or 75-84 and 85 + age groups. Part of this reflects the sensitivity of 

atios for small base-value comparisons. For example, in Hungary, 
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Figure 3. Predicted mortality sex ratio by age group and country income tercile. Description of the illustration: Predicted mortality sex ratio by age group and country 

income tercile, with uncertainty bars. 
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he 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 

xcess deaths for women 85 and older, compared to 256 for men, 

esulting in a ratio of 19. 

Drawing on our Poisson estimates, Table 1 reports the esti- 

ates of four measures: female mortality at age 65, male-female 

ortality ratio at age 65, and the age slope of female and male 

ortality for an additional 10 years of age. These are estimated 

or 2020 expected all-cause mortality, 2020 excess mortality, and 

021 excess mortality. Table 1 shows the population-weighted re- 

ults overall and for each of three country-income tercile groupings 

population-weighted), as well as each country result. 

In 2020, the average ratio of male-to-female mortality is higher 

or excess deaths (2.21) than for expected all-cause deaths (1.69) 

2020 columns 2 and row 1 of Table 1 ), and this is also the case

or each of the three country-income tercile groups. COVID-19 am- 

lified the gender mortality gap, at least at the age point of 65, in

020. By 2021, the sex ratio of excess deaths has fallen (to 1.84) 

ut is still above the sex ratio for expected all-cause mortality in 

020 (1.69). However, across income terciles there is variation. In 

he lowest income grouping, the excess mortality sex ratio in 2021 

s slightly lower than for expected all-cause 2020, whereas in the 

igh-income countries, it remains well above (2.23 in 2021 and 2.3 

n 2020 compared to 1.71 for expected all-cause deaths in 2020). 

The slope of the curve of mortality by age (the change in 

ortality associated with an additional 10 years of age) goes up 

harply from expected all-cause to excess deaths for both women 

from 2.95 to 3.46) and for men (2.49-2.89) in 2020. And this slope 

s greater for women than men, as is expected given the higher 

ortality rates at younger ages for men in excess deaths in 2020. 

The sex ratio of mortality at age 65 is necessarily linked to the 

ge-slope of mortality for women and men.) These patterns in ex- 

ess mortality shift remarkably by 2021. By 2021, the age slope 

f mortality shows much less of a gap; it is relatively similar for 

omen (2.40) and for men (2.33). This short-lived pattern sug- 

ests that COVID-19 may not have long-lasting implications for the 

ender gap in mortality in high-income countries, as was observed 
v

5

ith the 1918 influenza epidemic (where a selection effect resulted 

n a decrease in the gender gap in mortality in years following that 

pidemic) [ 14 ]. But, to the extent that older person deaths were es- 

ecially displaced in the first 2 years of COVID-19, mortality risks 

ay decline more for hardest hit groups in subsequent years [ 15 ]. 

Notably, this pattern in excess deaths age-slopes differs across 

ur country-income terciles in 2020. The age slope of mortality is 

ighest for women in high-income countries for 2020 (both ex- 

ected all-cause deaths and excess deaths), but it falls dramati- 

ally by 2021 when it is slightly lower than that of men (2.40 for 

omen and 2.49 for men). On the other hand, in countries in the 

rst and second terciles, in 2021, the age slope in mortality re- 

ains slightly higher for women. 

A last point of note is that female excess mortality at age 65 

ncreases dramatically (almost doubles) for countries in the first 

nd second terciles from 2020 to 2021 (from 447 to 832 for ter- 

ile 1 countries, and from 439 to 824 for tercile 2 countries), 

hereas it increases much more modestly from 2020 to 2021 for 

he high-income countries in tercile 3 (from 131 to 149). Another 

ay to view the patterns by age, sex, and country, is to examine 

he mortality sex ratio (M/F) for countries by tercile of GNI per 

apita, as shown in Figure 3 . These figures show that the widen- 

ng of the gender mortality gap driven by COVID-19 in 2020 was 

imited to higher-income countries and principally among adults 

ges 45-54 and 55-65. Figure 4 displays the same data with in- 

ividual country points. The patterns shown do not change sub- 

tantively when using the subset of countries held constant across 

ears. 

iscussion 

This article, using a global dataset covering a wide swath of 

iddle- and high-income countries, confirms previous findings, 

ased on more limited data, that for all age groups above age 

5 and in all countries with few exceptions, men die at higher 

ates than women. It also identifies global variation in patterns of 

OVID-19 mortality by age and sex. The findings complement pre- 

ious findings [ 10 ] showing that the age curve of excess deaths 
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Table 1 

Mortality rates by age, sex, and country description of the table: description of the illustration: Country regression estimates describing how mortality 

rates vary by age and sex. 

6
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Figure 4. Predicted mortality sex ratio by age group and country GNI per cap. Description of the illustration: Predicted mortality sex ratio with individual country data 

points by age group and country GNI per capita, with uncertainty bars. 
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n 2020 was flatter for middle-income countries and steeper in 

ealthier countries. The findings in this article demonstrate that 

his difference is principally driven by the mortality patterns of 

en, resulting in COVID-19 amplifying the gender mortality gap in 

020 more in richer countries as compared to less-wealthy coun- 

ries. 

An important limitation of this study is that because it excludes 

xcess mortality estimates not based on actual observed mortality, 

t does not include any low-income countries. Such countries have 

ortality patterns that are distinct from those in middle and high- 

ncome economies, notably well-documented differing chronic and 

nfectious disease patterns as major drivers of mortality. Data show 

lusters of countries into mortality “convergence clubs” marked by 

oth geographic region and income level [ 16 ]. In the context of 

OVID-19, infection fatality rates are significantly higher in low- 

ncome countries than high-income settings [ 17 ]. Meanwhile, the 

ender gap in life expectancy between women and men widens 

s country income level increases [ 18 ], though fatality rates from 

OVID-19 are higher for men than women in low-income coun- 

ries in Africa, as has been shown in other parts of the world 

 19 ]. Taken together, these points are suggestive that the exac- 

rbation of the gender gap in high-income relative to middle- 

ncome settings would extend to a comparison with low-income 

ontexts. 
7

Overall, these findings point to the need to consider public 

olicies during public health emergencies that offer more tar- 

eted protection for certain groups, in this case, men over 45 

ith co-morbidities, such as greater effort s to t arget interven- 

ions to those working in jobs exposing them to a higher risk of 

nfections. 

The patterns found will hopefully inspire future country-level 

esearch using cause-of-death data to get a fuller understanding of 

elevant drivers of age-gender mortality patterns, which are both 

iological and social. It is worthwhile to explore structural socioe- 

onomic conditions that vary with country income and sex, which 

ould also interact with both infection exposure and fatality rates. 

his would include, for example, the structure of jobs and em- 

loyment patterns (well documented to vary by country income 

nd sex), especially the extent of remote work opportunities which 

ay reduce exposure to infections during a pandemic. Another ex- 

mple is the extent of residency in long-term care facilities. Older 

ersons, especially older women, have higher likelihoods of resid- 

ng in nursing homes in wealthier countries than lower-income 

ettings. When these facilities are of poor quality and safety they 

esult in greater exposure [ 20 ]. A third area could be the pro-

le of co-morbidities pre-existing in the population. For example, 

omen are relatively more obese than men in low and middle- 

ncome economies but not in high-income countries [ 21 ]. Specific 
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[

[

o COVID-19, there is evidence that women are more likely to get 

iagnosed than men in high-income contexts [ 22 ], but this may be 

ess likely in middle and low-income settings where gender gaps 

n access to health care are arguably greater than for high-income 

ettings [20] . 

Lastly, the analysis in this article is also a reminder of the value 

f demographic data and the value of efforts by country govern- 

ents and international organizations to promote and standardize 

ital statistics data. 
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