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Summary

Background The COVID-19 pandemic was a significant global mortality shock. In addition to baseline differences in
mortality risk, males often face a survival disadvantage in crisis situations such as famines and epidemics. Although
many countries have reported higher numbers of male COVID-19 deaths, the evolution of sex differences in
mortality over the course of the pandemic, and how these differences compare using both relative (accounting
for higher male baseline mortality) and absolute measures remains underexplored. This study aimed to assess
absolute and relative sex differences in all-cause excess mortality during the COVID-19 pandemic across three
pandemic phases in 34 high-income countries.

Methods We examined sex differences in excess mortality from February 2020 to July 2023 using data from 34
countries in the Short-Term Mortality Fluctuations dataset. We estimate both absolute (male excess
mortality—female excess mortality) and relative (male P-score—female P-score) sex differences in pandemic-
related all-cause excess mortality. We analysed sex differences monthly and across three pandemic phases: pre-
vaccine, post-vaccine, and endemic.

Findings In most countries, absolute male excess mortality exceeded that of females during the pre-vaccine phase of
the pandemic. A significant absolute male disadvantage in excess mortality rates was observed in 60% (81/136) of
age-group—country combinations in the pre-vaccine phase, decreasing to 51% (70/136) in the post-vaccine phase and
23% (31/136) in the endemic phase. In contrast, a male disadvantage was less common for relative changes: a
significant male disadvantage in excess mortality P-scores was observed in only 28% (38/136) of age-
group—country combinations in the pre-vaccine phase and 14% (19/136) in the post-vaccine phase. The
remaining combinations showed either no significant sex difference or a female disadvantage, with little
evidence of relative sex differences during the endemic period. Sex differences in absolute excess mortality
tended to grow with age, but there was no clear pattern in the relative sex differences across age groups.

Interpretation While previous research has highlighted a male disadvantage in COVID-19 mortality based on
absolute death counts, our study shows that this pattern was concentrated in the pre-vaccine phase and declined
over time. Relative increases in all-cause excess mortality were often similar between sexes and, in some cases,
greater among women. These findings suggest that sex differences in pandemic-related mortality were more
varied than commonly assumed and underscore the importance of using both absolute and relative measures to
assess the impact of health crises on population subgroups. Finally, our results suggest that COVID-19 did not
produce lasting shifts in sex differences in mortality.
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Research in context

Evidence before this study

We searched PubMed for articles published between March 1,
2020, and March 1, 2026, on sex differences in COVID-19
mortality or excess mortality using the terms (“sex” OR
“gender”) AND (“gaps” OR “differences”) AND (“COVID-19”
OR "excess mortality”) AND (“mortality” OR “death”).
Reference lists of relevant studies were also screened.
Existing literature indicates, after standardisation for age, a
male disadvantage in COVID-19 mortality, with some
variation in high-income countries. Most previous studies
relied on official COVID-19 death counts, focused on the
early pandemic period, and used absolute measures of sex
differences (e.g., differences in death counts or mortality
rates). Few studies have applied an excess mortality
framework, which allows more direct cross-country and
cross-period comparisons. Evidence reporting both absolute
and relative measures of sex differences is also scarce. It
remains unclear whether male disadvantage persisted across
different stages of the pandemic—particularly after vaccine
introduction—and whether it was present in all age groups
and countries.

Added value of this study

We conducted a comprehensive analysis of absolute and
relative sex differences in all-cause excess mortality over
time, both monthly and across three pandemic stages (pre-
vaccine, post-vaccine, and endemic) in 34 high-income
countries. We found that male mortality disadvantage was

Introduction

In modern populations, females generally have lower
all-cause mortality rates than males. These sex differ-
ences in mortality have been narrowing in recent de-
cades in high-income countries,'* a trend that may
have been disrupted by the COVID-19 pandemic.
Globally, higher male COVID-19 mortality was
observed early in the pandemic.*” Historically, males
often have a survival disadvantage during crises such as
famines and epidemics,® often attributed to both bio-
logical and sociocultural factors.

For COVID-19, there are hypothesised sex differ-
ences in immune response and Dbiological
susceptibility.””” For example, women tend to have
stronger and longer-lasting immune responses than
men, partly due to hormonal factors like oestrogen and
X-linked genetic traits, which may offer them an
advantage in fighting infection. Additionally, social,
occupational, and behavioural differences may have
influenced exposure to the virus."' Indeed, previous
work has shown a male disadvantage in COVID-19

not universal but context-specific and temporary. In most
countries, the absolute male mortality disadvantage was
concentrated in the pre-vaccine phase, during peak mortality
months, and diminished in later stages. The largest absolute
male disadvantage was observed in countries with
historically greater sex differences in all-cause mortality
(Eastern Europe). When using relative measures of sex
differences—which account for baseline mortality
differences—the male disadvantage was largely absent or
reversed in most age group-country combinations. This
suggests that earlier conclusions suggesting men were
universally more affected by the pandemic in high income
countries, were incomplete.

Implications of all the available evidence

Building on the studies that have identified a male mortality
disadvantage early in the pandemic, our study indicates that
this disadvantage was primarily evident when using absolute
measures of sex differences, during mortality peaks and
diminished over time. A comprehensive assessment of the
mortality impacts of health emergencies on different
populations requires the use of both absolute and relative
measures of mortality differences. Analysis of cross-country
sex differences highlighted that the pandemic amplified pre-
pandemic sex differences in all-cause mortality, consistent
with broader evidence of its magnifying effect on pre-
pandemic inequalities.

mortality and that the magnitude of sex differences
varied by age”* and region.'*??26-%

Previous studies on sex differences in COVID-19
mortality have several limitations. First, most previous
studies focused on data from only the early stages of the
pandemic. How sex differences evolved over the course
of the pandemic and the potential effect on long-term
sex differences in mortality” is less known. Biological
and behavioural susceptibility to COVID-19 likely
evolved over time in ways that could impact sex differ-
ences but are hard to predict a priori. On the one hand,
vaccines and improved treatments could reduce male
biological disadvantage. On the other hand, differential
uptake of COVID-19 prevention measures, such as
mask-wearing, social distancing, and vaccines, could
drive persistent or growing male disadvantage.*"**

Second, previous studies estimated sex differences
using absolute numbers of COVID-19 deaths or mor-
tality rates. But since men have higher baseline mor-
tality at each age, any proportionate increase in the risk
of death would naturally result in more male deaths.
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For this reason, it is perhaps not surprising that males
experienced a higher number of COVID-19 deaths.
However, a higher number of deaths alone doesn’t tell
us whether men are more susceptible to the SARS-CoV-
2 virus itself, for example. In contrast, relative measures
of sex differences — such as whether one sex is seeing a
higher percentage increase in deaths compared to ex-
pected levels— can tell us whether sex differences in
COVID-19 mortality are worse than for other causes of
death. While there is no “correct” metric for quantifying
sex differences, a comprehensive assessment of health
inequalities can benefit from considering both absolute
and relative perspectives.’**

Third, most previous studies of sex differences in
COVID-19 mortality rely on official COVID-19 deaths
data. However, variations in testing practices and the
accuracy of recording COVID-19 as a cause of death
make cross-country comparisons challenging.” By
contrast, all-cause mortality is more reliably recorded
and offers better comparability.**** Furthermore,
examining excess mortality—the difference in observed
versus expected all-cause mortality based on prior
trends— allows us to contextualise sex differences in
COVID-19 mortality within pre-pandemic sex differ-
ences in each country.

We address these limitations by conducting the first
comprehensive examination of trends in sex differences
in excess mortality from February 2020 to July 2023,
using data from 34 high-income countries. Specifically,
we estimate both sex differences in excess mortality
death rates and percent excess deaths by month and
examine these trends across three key phases of the
pandemic: pre-vaccine (February 2020-April 2021),
post-vaccine Delta/Omicron (May 2021-April 2022),
and endemic (May 2022-July 2023). Additionally, we
explore how these sex differences vary by age and
country.

Methods

This manuscript was prepared in accordance with the
STrengthening the Reporting of OBservational studies
in Epidemiology (STROBE) guidelines. We used the
Short-Term Mortality Fluctuations (STMF) dataset for
34 countries to estimate sex-specific all-cause excess
monthly mortality between February 2020 through July
2023. This approach has previously been used to esti-
mate the death toll from other mortality crises.”*
While excess mortality may also pick up indirect
deaths from non-COVID causes during the pandemic,
recent evidence from the US suggests that a large
fraction of non-COVID-19 excess deaths were likely
undercounted COVID-19 deaths.*® We estimated the
expected (baseline) deaths for each week using the 7
years from 2013 through 2019 as the reference period
from which to extrapolate a counterfactual non-
pandemic trend. The STMF dataset does not include
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information on race or ethnicity, as it consists of
aggregated national death counts.

Population denominators were sourced from the
Human Mortality Database (2025). Person-weeks of
exposure were calculated by cubic interpolation of the
January 1st population over the weeks of a year, fol-
lowed by integration of the cubic spline over single
weeks. Age-specific person-weeks of exposure were
linearly extrapolated by up to two years if no estimates
were available.

We used a Generalised Additive Model (GAM) with
smooth seasonality and a log-linear time trend to esti-
mate expected deaths. The model was defined as

Y.~ Negative-Binomial(4y,, ¢),
with

log(Aww) = By + f;weeks-since-origin
+ s(week-of -year; 6,,) + log(person-weeksy, ),

where Y, — the number of deaths in week-of-year w at
time t, measured in weeks since 2013 — is distributed
according to a Negative Binomial distribution with ex-
pected number of deaths A, and overdispersion ¢.
Expected deaths were modelled via a log-linear long-
term trend and a smooth function of week of year, s,
implemented as cyclical cubic splines. Logged person-
weeks of exposure were added as an offset to model
on a death rate scale. The model was fit separately for
each country, sex, and age group (0-15, 15-64, 65-74,
75-84, 85+). These age groupings reflect harmonisation
choices made by the STMF team to ensure compara-
bility across countries and periods, given substantial
heterogeneity in the age classifications of weekly mor-
tality data reported by national statistical offices. Dis-
aggregating the 15-64 group further is not possible in a
consistent manner for all countries without relying on
model-based ungrouping of weekly death counts, which
may introduce bias, particularly during periods of rapid,
age-specific mortality change.”

Expected deaths were derived by evaluating Ay, over the
period from February 2020 through July 2023. We
aggregated weekly expected and observed deaths to
months and across three pandemic periods: pre-vaccine
(February 2020-April 2021), post-vaccine Delta/Omicron
(May 2021-April 2022), and endemic (May 2022-July
2023).

To quantify uncertainty, we used simulation-based
prediction intervals. First, we employed a Normal-
approximation to the parametric bootstrap to capture
parameter uncertainty.”® We sampled parameter vectors
from a multivariate Normal distribution derived from
the Hessian matrix of the maximum likelihood fit.
Given the sampled parameters we generated 250
repeated draws from the predictive distribution of
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deaths. For each simulated dataset, we recalculated ex-
pected deaths, excess deaths, P-scores, and sex differ-
ences following the same aggregation steps applied to
the observed data. Prediction intervals were defined as
the 2.5th and 97.5th percentiles of these simulated
values, with the median reported as the point estimate.
This approach captures parameter uncertainty, and
stochastic variation in mortality.

All-cause excess deaths were derived by subtracting
the expected death counts from the observed death
counts, taken directly from the STMF data. Excess
deaths were left-censored at zero.*> This was done to
ensure a consistent interpretation of sex differences in
excess mortality over time. When negative excess values
are allowed, the same numerical sex difference can
arise from qualitatively different situations—for
example, higher excess mortality in one sex, a mortal-
ity deficit in the other, or mortality deficits in both sexes
of different magnitudes. Left censoring avoids this
ambiguity by defining excess mortality strictly as a
mortality burden during the pandemic. Under this
definition, zero indicates the absence of excess mor-
tality, and positive values indicate additional deaths
relative to expected levels. Thus, we defined excess
deaths by sex, country, age, and period as the following:

Observed — Expected, Observed > Expected

Excess deaths = { 0, Observed < Expected,

and the excess death rate (per 100,000 person-years) as

Excess Deaths

Excess death rate = x 100, 000

Person — years

When reporting results for all age groups combined, we
applied direct age standardisation using the 2013 Eu-
ropean Standard Population (Eurostat). Across age
groups x we defined

Age standardized excess deaths = ZExcess death rate,

x

x Standard population,, .

As a relative measure of excess death, we calculated
the so-called P-score, the percentage difference between
reported and expected deaths, as:

Excess Deaths

— X100
Expected Deaths "

P-score =

Excess mortality estimates were used to calculate
both absolute and relative measures of the sex gap. The
absolute gap is the difference between male and female
all-cause excess death rates. The relative gap is calcu-
lated as the percentage point difference between male
and female excess mortality P-scores. Further, we

calculated expected (under pre-pandemic trends) and
observed sex ratios in all-cause mortality.

Due to the large number of age group—country
combinations, we discuss age-specific results for six
countries reflecting a range of pre-pandemic sex dif-
ferences in mortality, sociocultural contexts, and
pandemic experiences: Bulgaria, England & Wales,
Germany, Italy, Norway, and the United States. Results
for the full set of countries are available in the
Supplementary Material. Among high-income nations,
the United States and England & Wales recorded
among the highest per capita COVID-19 death rates.
Italy faced high COVID-19 mortality early in the
pandemic, implemented high levels of pandemic re-
strictions and has one of the world’s oldest populations.
Norway, a high-income economy known for its high life
expectancy, despite low levels of restrictions, experi-
enced low overall COVID-19 mortality and a later onset
of excess mortality. Germany, another wealthy Euro-
pean nation, implemented strict restrictions and expe-
rienced low excess mortality in 2020, followed by high
excess in 2021-2023. Bulgaria, an Eastern European
nation with large pre-pandemic sex disparities in mor-
tality and one of the highest proportions of older adults
in the world,” experienced one of the highest COVID-
19 mortality rates in the world.

This analysis relies solely on anonymised, aggre-
gated data that contain no identifying information. All
analyses and results are fully reproducible and can be
accessed here. We used RStudio (version 2023.9.1.494)
for all statistical analyses.

Patient and public involvement
Patients and the public were not involved in any way in
this study.

Ethics statements

This study used publicly available, de-identified, and
aggregated population-level data from the Short-Term
Mortality Fluctuations database and the Human Mor-
tality Database. Therefore, ethical approval and
informed consent were not required.

Role of the funding source

The researchers involved in this study declare full in-
dependence from the funders. The funding bodies had
no role in the design of the study, analysis, or inter-
pretation of the data; the writing of the manuscript; or
the decision to submit it for publication. Authors were
not precluded from accessing data in the study, and
they accept responsibility to submit for publication.
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Fig. 1: Sex ratios (male/female) in all-cause mortality by country and pandemic phase, comparing expected and observed mortality. A
ratio of 1 indicates no sex difference. Ratio > 1 indicates higher male mortality. Ratio < 1 indicates higher female mortality. Expected mortality
is based on pre-pandemic trends (2013-2019). Pandemic phases: pre-vaccine (February 2020-April 2021), post-vaccine Delta/Omicron (May

2021-April 2022), endemic (May 2022-July 2023).

mortality by period and country, ordered from lowest to
highest expected ratios based on pre-pandemic trends.
A ratio of 1 means no sex difference in the mortality
rate. Ratios above 1 indicate higher male mortality; ra-
tios below 1 indicate higher female mortality. This
figure shows the range of cross-country mortality sex
differences prior to the pandemic, ranging from small
differences in Iceland, Norway, Sweden to large dif-
ferences in the Baltic countries (Estonia, Lithuania,
Latvia). In the pre-vaccine period, the male-to-female
ratio of observed mortality was typically larger than
the ratio for expected mortality, indicating the male
disadvantage was worse than expected based on pre-
pandemic mortality. This can be particularly observed
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for the Czechia, Poland, and Bulgaria. This gap tended
to decrease as the pandemic progressed, but the male
disadvantage compared to expected mortality ratios
persisted for several countries through 2023. In 31 out
of 34 countries, sex ratios in observed mortality got
smaller during the endemic phase, compared to the
pre-vaccine period, with Estonia, Latvia, and Iceland
being the exceptions.

Fig. 2 shows monthly trends in all-cause excess
mortality death rate per 100,000 person-years by sex
between February 2020 and July 2023 across six coun-
tries and four age groups (see Supplementary
Figs. S1-S5 for the remaining countries). In general,
the difference between male and female excess
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Fig. 2: Monthly trends in all-cause excess mortality death rates (per 100,000 person-years) by sex, age group, and country, February
2020-July 2023. Shaded areas show 95% prediction intervals. The scale of the y-axis differs for each age group and country. Pandemic
phases: pre-vaccine (February 2020-April 2021), post-vaccine Delta/Omicron (May 2021-April 2022), endemic (May 2022-July 2023).

mortality death rate closely followed the overall mor-
tality levels. In months with higher mortality, the sex
difference grows, with males seeing higher absolute
excess than females. During months with lower mor-
tality, the 95% prediction intervals for male and female
excess mortality largely overlap (i.e., no evidence for
male disadvantage in these periods).

Within specific countries, Bulgaria and the USA
experienced excess mortality peaks with a sizeable male
disadvantage in both pre- and post-vaccine phases, but
sex differences narrowed with lower mortality levels in
the endemic phase. England & Wales and Italy saw
large peaks in excess mortality in the pre-vaccine
period, with a clear male disadvantage in months
where mortality peaked. Germany saw mortality peaks
in all three periods, but significant sex gaps were
mainly seen under age 75. Norway saw lower mortality
early in the pandemic, with peaks occurring later in the
endemic phase. In most months, including peak pe-
riods, sex differences remained negligible. In Denmark,

Finland, Iceland, New Zealand and Northern Ireland,
the 95% prediction intervals for male and female excess
mortality overlap across all three  periods
(Supplementary Figs. S1-S3).

Fig. 3 illustrates monthly trends in P-scores by sex
and age between February 2020 and July 2023 for the
selected six countries (see Supplementary Figs. S6-S10
for the remaining countries). In contrast to the trends
in absolute sex differences in excess mortality (Fig. 2),
male disadvantage in P-scores was not clearly observed,
regardless of mortality levels (Fig. 3), and in some
cases, females had higher relative mortality increases
than males (e.g., 65-74 and 75-84-year-olds in the US
during the endemic period). Higher female P-scores
mean that deaths for women increased by a higher
percentage from the baseline (expected mortality) levels
compared to those for men.

Overall, males suffered higher absolute levels of
excess mortality during pandemic peaks in most
countries, especially in the pre-vaccine phase. However,
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2023).

trends in relative mortality suggest that these absolute
sex differences largely reflect higher baseline mortality
among males, while percentage increases in mortality
due to COVID-19 were similar across sexes for most
age group-country combinations (Fig. 3).

Given changing biological and social dynamics
during the pandemic (e.g., evolution of the COVID-19
virus, introduction of vaccines, changing levels of gov-
ernment lockdowns and restrictions), we next
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compared excess mortality death rates (Fig. 4), and P-
scores (Fig. 5) calculated separately for each sex, age
group and period across six countries (Supplementary
Figs. S11-S22 for all countries, together with 95%
prediction intervals for the difference between male and
female estimates).

A significant male disadvantage was seen in more
than half of the age group—country combinations (60%,
81 out of 136) during the pre-vaccine period for excess
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Fig. 4: All-cause excess mortality death rates (per 100,000 person-years) by sex, age group, country, and pandemic phase (pre-vaccine,
post-vaccine, endemic). Bars indicate 95% prediction intervals. Y-axis scales differ by age group and country. Pandemic phases: pre-vaccine
(February 2020-April 2021), post-vaccine Delta/Omicron (May 2021-April 2022), endemic (May 2022-July 2023).

mortality death rates (Fig. 4 and Supplementary
Figs. S11-S16). In the post-vaccine period, this abso-
lute male disadvantage became less common, staying
significant in about half of the age group—country
combinations (51%, 70 out of 136). By the endemic
period, the male disadvantage remained significant in
about only one-fifth of age group—country combinations
(23%, 31 out of 136); where the remaining combina-
tions showed either no significant sex difference or a
significant female disadvantage. There were two ex-
ceptions to this pattern: (1) countries with a delayed
onset of the pandemic, such as Germany and South
Korea, where the male disadvantage increased during
the post-vaccine and endemic phases for some age
groups (e.g., 15-64 and 65-74-years-olds in Germany),

and (2) countries with consistently low levels of male
and female excess mortality death rates, such as Ice-
land, Finland, Luxemburg and New Zealand, where no
evidence of male disadvantage was found across most
age groups and periods.

Significant male disadvantage during the pre-
vaccine phase was much less common when looking
at relative sex differences (Fig. 5 and Supplementary
Figs. S17-S22), compared to absolute sex differences
(Fig. 4). For sex differences in the P-score, in the pre-
vaccine phase, a significant male disadvantage was
seen in about one-quarter (28%, 38 out of 136) of age
group—country combinations; where the remaining
combinations showed either no significant sex differ-
ence or a significant female disadvantage. In the
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Fig. 5: All-cause excess mortality P-scores (%) by sex, age group, country, and pandemic phase (pre-vaccine, post-vaccine, endemic).
Bars indicate 95% prediction intervals. The y-axis scale is fixed for all countries and age groups except for Bulgaria. Pandemic phases: pre-
vaccine (February 2020-April 2021), post-vaccine Delta/Omicron (May 2021-April 2022), endemic (May 2022-July 2023).

post-vaccine phase, the relative male disadvantage
further decreased, remaining significant in only one in
seven (14%, 19 out of 136) of age group—country com-
binations. In some cases, the P-score was higher for
females. For example, a female relative disadvantage
emerged in the post-vaccine phase among 65-74-year-
olds in Bulgaria and the USA, as well as in other
groups. Overall, there was little evidence of remaining
relative sex gaps during the endemic phase, with a few
exceptions. These exceptions included (1) countries with
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a delayed pandemic onset, where male relative disad-
vantage either continued or re-emerged in the endemic
phase (e.g., 15-64 group in Germany, 65-74 and 75-84-
year-olds in Norway); and (2) some cases of emerging
female relative disadvantage (i.e., higher female P-score)
in specific age group—country combinations (e.g.,
65-74-year-olds in the US and Spain).

Taken together, although men experienced higher
absolute all-cause excess mortality during the pre-vaccine
phase, both sexes experienced proportionally similar
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increases in all-cause excess mortality when compared to
pre-pandemic levels in most age groups and countries.

Supplementary Figs. S23 and S24 summarise the
age-specific patterns in absolute and relative sex dif-
ferences in all-cause excess mortality by period and
country. For absolute sex differences (male minus fe-
male excess all-cause mortality death rate per 100,000
person-years; Supplementary Fig. S23), the male
disadvantage increases monotonically with age (from
15-64 through to 85+) in just over half of the countries
(56%, 19 out of 34) during the pre-vaccine phase.
However, this pattern of increasing male disadvantage
with age weakens in the later stages of the pandemic.

The age pattern is less clear for relative sex differ-
ences (male minus female P-score; Supplementary
Fig. S24). While males generally had higher P-scores
across most age group—country combinations during
the pre-vaccine period, several age group-country
combinations shifted towards a female disadvantage
in later periods.

Discussion

This study provides a comprehensive analysis of sex
differences in pandemic-related all-cause excess
mortality during the COVID-19 pandemic in 34 high-
income countries, covering the pandemic’s progres-
sion through its pre-vaccine, post-vaccine, and endemic
phases. Unlike earlier studies, we use an excess mor-
tality framework, avoiding potential biases introduced
by variability in testing and recording of COVID-19
deaths across countries. All-cause excess mortality
captures both direct COVID-19 deaths and indirect
deaths resulting from healthcare disruption, behav-
ioural change, and socio-economic stressors. Our find-
ings show that the COVID-19 pandemic temporarily
amplified pre-existing sex differences in all-cause mor-
tality. Specifically, the observed male-to-female mortal-
ity ratios were higher than expected based on
pre-pandemic trends, indicating a greater-than-usual
male disadvantage during the pre-vaccine phase of the
pandemic. In the endemic phase, observed ratios
declined, becoming only slightly higher than
expected—or, in some cases, even falling below them.
This short-lived pattern of elevated sex differences in
excess mortality contrasts with the 1918 influenza
pandemic, which, had a longer lasting impact on sex
differences in mortality. The 1918 flu caused unusually
high male mortality, possibly due to co-infection with
tuberculosis, which was more prevalent among men.
Noymer and Garenne hypothesise that the reduction in
the sex differences in mortality in the US in the years
following the pandemic was due to strong mortality
selection that left behind cohorts of relatively healthier
males.” Our results suggest that COVID-19 is unlikely
to produce similar long-term effects on sex differences
in mortality in high-income countries.

Earlier studies consistently reported a male disad-
vantage in COVID-19 mortality.””"*~*** Qur analysis
of both absolute and relative sex gaps over time reveals
a more nuanced picture. In absolute terms, and in line
with earlier research, males experienced higher excess
mortality during peak months, often exceeding pre-
pandemic male-female mortality differences. Howev-
er, this was not a universal pattern; even in the
pre-vaccine period, many age group—country combina-
tions showed no significant male disadvantage. In
contrast, relative measures showed less consistent male
disadvantage. In several age group—country combina-
tions, females had a greater percentage increase in
excess mortality relative to expected deaths, especially
after the vaccine rollout. By the endemic phase, relative
sex gaps had diminished across most countries and age
groups. These reductions were often driven by steeper
declines in male excess mortality, though in some
cases, increased female mortality also contributed to the
narrowing gap.

A key reason why sex differences appear smaller
when using relative rather than absolute mortality is
that relative measures naturally account for men’s
higher baseline mortality at almost every age. When
absolute deaths rise during the pandemic, the male
disadvantage looks larger partly because it reflects the
same longstanding structural gap seen in normal all-
cause mortality. Relative mortality, by contrast, scales
COVID-19 deaths to each sex’s underlying risk. This
helps isolate the additional hazard that COVID-19 in-
troduces, rather than conflating the effect of the virus
with the pre-existing male disadvantage. This pattern is
consistent with work showing that COVID-19 mortality
tends to rise in step with “normal” age-related risks.”* If
COVID-19 amplifies the existing mortality structure
rather than creating a new one, then standardising by
baseline risk will make the sex gap appear more stable.

Several mechanisms may further explain the
observed sex differences in direct COVID-19 mortality.
We organise these into three categories: (i) risk of
exposure to the virus, (ii) risk of becoming infected
given exposure, and (iii) risk of dying given infection.

Sex differences in exposure are shaped primarily by
social and behavioural factors, including occupation,
mobility, and adherence to public health measures.
Previous studies have emphasised the strong connec-
tion between occupational roles and exposure to the
COVID-19 virus.” In many countries, female-
dominated sectors such as education and administra-
tive work were more likely to shift to remote work.*
Conversely, remote work was less feasible in male-
dominated industries such as agriculture, security, lo-
gistics,  construction, food  production  and
manufacturing® — sectors that reported some of the
largest increases in mortality during the pandemic.”
This pattern may explain the male disadvantage
observed during the pre-vaccine phase. At the same
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time, women are overrepresented in frontline health-
care, care, and retail occupations, which carried high
exposure risk.”*® This likely contributed to the absence
of a universal male disadvantage across countries and
age groups.

Behavioural sex differences may also have influ-
enced exposure. Survey evidence shows that men were,
on average, less likely to adhere to public health rec-
ommendations such as mask-wearing, hand washing,
and social distancing,** and reported lower perceived
risk of contracting COVID-19.¢** These behaviours
may have increased exposure among men.

The risk of becoming infected given exposure re-
flects both biological susceptibility’"*'*"” and vaccine-
induced immunity. Biologically, women tend to
exhibit stronger and longer-lasting immune responses
than men, and these responses decline less with age in
women. This may help explain greater male vulnera-
bility early in the pandemic, when populations were
largely immune-naive. At the same time, COVID-19
vaccine uptake differed by sex. Surveys conducted in
Europe and the US showed higher vaccine hesitancy
and lower uptake among women.®** This could help to
explain the faster decline in male mortality and the
narrowing of sex gaps in later phases of the pandemic.

Additional factors may also have contributed to the
faster decline in male mortality. Mortality displacement
could have played a role if more frail men died earlier in
the pandemic, leaving a healthier surviving population.
Improvements in workplace protections and other
public health measures in male-dominated industries
may also have reduced exposure and mortality risk over
time, thereby narrowing or closing the sex gap in the
post-vaccine and endemic phases.

Finally, sex differences in the risk of dying given
infection are shaped by immune function and under-
lying health. Women’s stronger innate and adaptive
immune responses—driven by oestrogen and genetic
factors linked to the double X chromosome—are
thought to reduce the risk of severe disease and death
once infected.”’* These immune differences may help
explain the male disadvantage observed during periods
of high mortality, particularly early in the pandemic.

Sex differences in occupational exposure and pro-
tective behaviours likely interacted with policy envi-
ronments to shape cross-country variation in mortality
differentials. Countries differed in the timing, duration
and strictness of workplace safety rules, including the
availability and enforcement of personal protective
equipment, ventilation standards, physical-distancing
requirements, sick-leave provisions, and vaccine man-
dates.®* These policy differences likely moderated how
much occupational gender segregation translated into
unequal exposure risk. More broadly, longer durations
of distancing policies were associated with more
frequent protective behaviours among citizens.®® Such
policies reduced reliance on individual risk assessment
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and personal choice. As a result, sex differences in
adherence to protective behaviours, both in and outside
of the workplace, may have mattered less for infection
risk in more regulated contexts. By contrast, in settings
with weaker enforcement or lower baseline compliance,
behavioural differences were more likely to translate
into differential exposure and mortality risks.

Higher vaccine hesitancy among women, observed
in several countries,”* may have been amplified in
contexts characterised by mistrust in government.”
Countries also differed in vaccination policies,
including the stringency of mandates, the use of
financial incentives, and effectiveness of communica-
tion strategies.””® These differences likely shaped both
sex gaps in hesitancy and uptake. Taken together, these
patterns suggest that sex differences in social and
behavioural risk factors were context-dependent and
mattered less in policy environments that standardised
exposure risks, providing a plausible explanation for the
substantial cross-country heterogeneity in sex differ-
ences in excess mortality observed in our study.

Some of the weaker or reversed relative sex differ-
ences observed in later phases may reflect gendered
indirect consequences of the pandemic rather than
shifts in COVID-19 mortality itself. First, disruptions to
women’s health services and declines in preventive care
likely increased non-COVID health risks for women in
some countries.””’* Second, women were more exposed
to employment and income shocks because they were
overrepresented in the sectors hit hardest by lock-
downs.”””® Third, school and childcare closures
increased unpaid care demands that fell dispropor-
tionately on women,” perhaps especially in countries
with weaker public care infrastructures. Finally, women
faced higher levels of psychological distress and greater
exposure to domestic violence during lockdowns.”s”
These indirect pathways, which vary substantially
across national policy environments, offer plausible
explanations for occasional higher female P-scores.

We observed substantial regional variation in the
magnitude and age patterns of both absolute and rela-
tive sex differences in excess mortality, reflecting dif-
ferences in social, economic, and healthcare contexts.
In the pre-vaccine phase, both absolute and relative sex
differences were among the largest in Eastern Europe
(see Supplementary Tables S1 and S2), consistent with
pre-pandemic sex differences in all-cause mortality of
some Eastern European countries,* which the
pandemic amplified. High levels of smoking and
chronic drinking among Eastern European men, factors
associated with greater risk of COVID-19 infection and
severe disease progression®*—may have contributed
to elevated excess mortality in this group and also un-
derlie much of the pre-pandemic sex gap in cardiovas-
cular disease and lung cancer mortality.®*
Cross-country differences may further reflect regional
variation in occupational gender segregation,®* which
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has declined substantially in Scandinavia in recent de-
cades, but remained high or increased in parts of
Eastern and Mediterranean Europe,® potentially
contributing to larger sex differences in pandemic
mortality in these regions.

The mechanisms outlined are intended to frame
plausible sources of variation rather than to assert
causality. As our excess mortality approach cannot
distinguish direct COVID-19 deaths from indirect
consequences, these explanations should be read as
informed hypotheses rather than empirically verified
drivers.

Our findings have implications for policy and prac-
tice. The large cross-country differences in the size and
direction of sex gaps in all-cause excess mortality dur-
ing the COVID-19 pandemic underscore the impor-
tance of adopting a gender lens in health-system
planning and preparedness. These patterns highlight
the role of social and policy contexts in shaping sex-
specific vulnerability and indicate that pandemics tend
to exacerbate pre-existing inequalities, including gender
inequalities. Our findings also highlight the importance
of employing both absolute and relative metrics in crisis
surveillance. Absolute measures capture the overall
mortality burden and pressure on health systems,
whereas relative measures contextualise crisis impacts
against baseline inequalities and can reveal dispropor-
tionate effects that are not visible in death counts alone.
Finally, effective preparedness and response strategies
should monitor both direct and indirect effects of pan-
demics using timely, sex- and age-disaggregated epide-
miological data. The continued absence of such data for
many countries points to a critical global surveillance gap
that needs to be addressed to enable more equitable and
evidence-based responses to future health crises.

Our analysis has limitations. First, our conclusions
are limited to the selected high-income countries with
efficient vital registration systems. As a result, our
findings should not be generalised to low- and middle-
income countries, where patterns of sex differences in
excess mortality may differ due to distinct population
age structures, health profiles, healthcare systems, and
social and economic inequalities. Second, our popula-
tion counts for 2022-2023 were extrapolated from 2021.
This may lead to bias due to not accounting for
pandemic deaths and migration. Third, the STMF data
is available only for very broad age groups, most notably
the 15-64 category, which combines adults at very
different stages of the life course. For this reason, we
were able to only roughly account for between-country
differences in age structure.”” The 15-64 grouping
also limits our ability to examine heterogeneity within
the working-age populations, such as differences be-
tween younger and older adults. Although the finer age
stratification would be desirable, further disaggregation
of weekly mortality data would require strong as-
sumptions that may not hold during acute mortality

shocks, particularly given the pronounced concentra-
tion of COVID-19 mortality at older ages.” Our age-
specific findings should therefore be interpreted as
conservative summaries within the constraints of
harmonised cross-national data. Fourth, while the all-
cause excess mortality framework ensures compara-
bility across countries and over time, it combines
deaths directly attributable to COVID-19 with indirect
deaths resulting from the broader consequences of the
pandemic (e.g., mental health crises or healthcare dis-
ruptions). Absolute and relative sex differences in these
indirect deaths may exhibit different directions, age and
temporal patterns than those reported here. However,
available evidence suggests that misclassification of
COVID-19 deaths likely accounts for a substantial share
of non-COVID excess mortality, indicating that indirect
causes represent a relatively smaller component of the
overall excess death burden.” Fifth, by left-censoring
excess deaths at zero, the analysis does not capture
periods of mortality deficit or potential mortality
displacement (‘harvesting’), particularly in the endemic
phase. Our focus, however, is on comparing sex dif-
ferences in excess mortality attributable to the
pandemic shock itself, rather than on compensation
dynamics. Finally, our data does not account for gender
identity and is available only for people categorised as
women and men.

We present a comprehensive analysis of sex differ-
ences in excess mortality during the COVID-19
pandemic, covering 34 high-income countries across
three phases: pre-vaccine, post-vaccine, and endemic.
Addressing limitations of earlier studies, we use an
excess mortality framework and examine both absolute
and relative measures of sex differences, allowing for
more reliable comparisons across time and place. While
the prevailing narrative highlights a persistent male
disadvantage in COVID-19 mortality, our findings show
that this pattern was context-specific. Male disadvantage
was evident during high-mortality months in the pre-
vaccine phase and in absolute terms, but it was not
universal. When using relative measures, which ac-
count for baseline mortality differences, the male
disadvantage largely disappeared—or even
reversed—in most age group—country combinations.
These findings underscore the importance of using both
absolute and relative metrics to understand inequalities
in mortality and suggest that COVID-19 did not produce
lasting shifts in sex differences in mortality.

Contributors

KD and JBD conceived and designed the study. JS curated and prepared
the data. KD carried out the statistical analysis and created the figures.
JBD and JS reviewed the analysis. KD wrote the first draft of the
manuscript. KD, JBD, JS, and MK contributed to the interpretation of
the findings and to the critical revision of the manuscript. KD and JS
directly accessed and verified the underlying data and verified the an-
alyses. All authors read and approved the final version of the manu-
script. KD is the guarantor and accepts full responsibility for the overall
content, had full access to the data, and controlled the decision to

www.thelancet.com Vol 98 August, 2026



Articles

publish. The corresponding author attests that all listed authors meet
authorship criteria and that no others meeting the criteria have been
omitted.

Data sharing statement

Original data used in the analyses of this manuscript is publicly avail-
able at https://www.mortality.org/Data/STMF. Processed data and all
analyses and results are fully reproducible and can be accessed here :
https://osf.io/wmt85.

Declaration of interests
All authors have completed the ICMJE disclosure form. We declare no
competing interests.

Acknowledgements

This work was supported by the European Research Council (ERC-
2021-CoG-101002587) and the Leverhulme Trust (Grant RC-2018-003)
for the Leverhulme Centre for Demographic Science.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
0rg/10.1016/j.eclinm.2026.104072.

References

1

10

11

12

13

14

Glei DA, Horiuchi S. The narrowing sex differential in life
expectancy in high-income populations: effects of differences in
the age pattern of mortality. Popul Stud. 2007;61(2):141-159.
https://doi.org/10.1080/00324720701331433.

Rosella LC, Calzavara A, Frank JW, Fitzpatrick T, Donnelly PD,
Henry D. Narrowing mortality gap between men and women over
two decades: a registry-based study in Ontario, Canada. BMJ Open.
2016;6(11):e012564. https://doi.org/10.1136/bmjopen-2016-012564.
Trovato F, Heyen NB. A varied pattern of change of the sex
differential in survival in the G7 countries. ] Biosoc Sci.
2006;38(3):391-401. https://doi.org/10.1017/50021932005007212.
Waldron I. Recent trends in sex mortality ratios for adults in
developed countries. Soc Sci Med. 1993;36(4):451-462. https://
doi.org/10.1016/0277-9536(93)90407-U.

Zarulli V, Kashnitsky I, Vaupel JW. Death rates at specific life stages
mold the sex gap in life expectancy. Proc Natl Acad Sci USA.
2021;118(20):22010588118. https://doi.org/10.1073 /pnas.2010588118.
Jin JM, Bai P, He W, et al. Gender differences in patients with
COVID-19: focus on severity and mortality. Front Public Health.
2020;8:152. https://doi.org/10.3389/fpubh.2020.00152.

Peckham H, de Gruijter NM, Raine C, et al. Male sex identified by
global COVID-19 meta-analysis as a risk factor for death and ITU
admission. Nat Commun. 2020;11(1):6317. https://doi.org/10.
1038/s41467-020-19741-6.

Zarulli V, Barthold Jones JA, Oksuzyan A, Lindahl-Jacobsen R,
Christensen K, Vaupel JW. Women live longer than men even
during severe famines and epidemics. Proc Natl Acad Sci USA.
2018;115(4):E832-E840. https://doi.org/10.1073 /pnas.1701535115.
Anca PS, Toth PP, Kempler P, Rizzo M. Gender differences in the
battle against COVID-19: impact of genetics, comorbidities,
inflammation and lifestyle on differences in outcomes. Int J Clin
Pract. 2021;75(2):e13666. https://doi.org/10.1111/ijcp.13666.
Bienvenu LA, Noonan ], Wang X, Peter K. Higher mortality of
COVID-19 in males: sex differences in immune response and
cardiovascular comorbidities. Cardiovasc Res.
2020;116(14):2197-2206. https://doi.org/10.1093 /cvr/cvaa284.
Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL.
Impact of sex and gender on COVID-19 outcomes in Europe. Biol
Sex Differ. 2020;11(1):29. https://doi.org/10.1186/513293-020-00304-9.
Lakshmikanth T, Consiglio C, Sardh F, et al. Immune system
adaptation during gender-affirming testosterone treatment.
Nature. 2024;633(8028):155-164. https://doi.org/10.1038/s41586-
024-07789-z.

Mukherjee S, Pahan K. Is COVID-19 gender-sensitive?
J Neuroimmune Pharmacol. 2021;16(1):38-47. https://doi.org/10.
1007/s11481-020-09974-z.

Scully EP, Haverfield J, Ursin RL, Tannenbaum C, Klein SL.
Considering how biological sex impacts immune responses and
COVID-19 outcomes. Nat Rev Immunol. 2020;20(7):442-447.
https://doi.org/10.1038/s41577-020-0348-8.

www.thelancet.com Vol 98 August, 2026

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

Takahashi T, Ellingson MK, Wong P, et al. Sex differences in
immune responses that underlie COVID-19 disease outcomes.
Nature. 2020;588(7837):315-320. https://doi.org/10.1038/s41586-
020-2700-3.

Takahashi T, Iwasaki A. Sex differences in immune responses.
Science. 2021;371(6527):347-348. https://doi.org/10.1126/science.
abe7199.

Wehbe Z, Hammoud SH, Yassine HM, Fardoun M, El-Yazbi AF,
Eid AH. Molecular and biological mechanisms underlying gender
differences in COVID-19 severity and mortality. Front Immunol.
2021;12:659339. https://doi.org/10.3389/fimmu.2021.659339.
Aleksanyan Y, Weinman JP. Women, men and COVID-19. Soc Sci
Med. 2022;294:114698. https://doi.org/10.1016/j.socscimed.2022.
114698.

Kim H, Fox AM, Kim Y, Kim R, Bae G, Kang M. Is the male
disadvantage real? Cross-national variations in sex gaps in

COVID-19 incidence and mortality. Glob Public Health.
2021;16(12):1793-1803.  https://doi.org/10.1080/17441692.2021.
1981972.

Akter S. The gender gap in COVID-19 mortality in the United
States. Fem Econ. 2021;27(1-2):30-47. https://doi.org/10.1080/
13545701.2020.1829673.

Peretz C, Rotem N, Keinan-Boker L, et al. Excess mortality in Israel
associated with COVID-19 in 2020-2021 by age group and with
estimates based on daily mortality patterns in 2000-2019. Int J
Epidemiol. 2022;51(3):727-736.  https://doi.org/10.1093/ije/
dyac047.

O’Driscoll M, Ribeiro Dos Santos G, Wang L, et al. Age-specific
mortality and immunity patterns of SARS-CoV-2. Nature.
2021;590(7844):140-145. https://doi.org/10.1038/s41586-020-
2918-0.

Pothisiri W, Prasitsiriphon O, Apakupakul J, Ploddi K. Gender
differences in estimated excess mortality during the COVID-19
pandemic in Thailand. BMC Public Health. 2023;23(1):1900.
https://doi.org/10.1186/512889-023-16828-9.

Bhopal SS, Bhopal R. Sex differential in COVID-19 mortality varies
markedly by age. Lancet. 2020;396(10250):532-533. https://doi.org/
10.1016/50140-6736(20)31748-7.

Beegle K, Demombynes G, de Walque D, Gubbins P,
Veillard J. COVID-19 increased existing gender mortality
gaps in high-income more than middle-income countries.
Int | Infect Dis. 2024;148:107167. https://doi.org/10.1016/j.
1jid.2024.107167.

Ahrenfeldt L], Otavova M, Christensen K, Lindahl-Jacobsen R. Sex
and age differences in COVID-19 mortality in Europe. Wien Klin
Wochenschr.  2021;133(7-8):393-398.  https://doi.org/10.1007/
500508-020-01793-9.

Blair A, Pan SY, Subedi R, Yang FJ, Aitken N, Steensma C. Social
inequalities in COVID-19 mortality by area and individual-level
characteristics in Canada, January to July/August 2020: results
from two national data integrations. Can Commun Dis Rep Releve
Mal Transm Au Can. 2022;48(1):27-38. https://doi.org/10.14745/
ccdr.v48i01a05.

Dalal J, Triulzi I, James A, et al. COVID-19 mortality in women
and men in Sub-Saharan Africa: a cross-sectional study. BMJ
Glob Health. 2021;6(11):e007225. https://doi.org/10.1136/bmjgh-
2021-007225.

Danielsen AC, Lee KM, Boulicault M, et al. Sex disparities in
COVID-19 outcomes in the United States: quantifying and
contextualizing variation. Soc Sci Med. 2022;294:114716. https://
doi.org/10.1016/j.socscimed.2022.114716.

Faust JS, Krumholz HM, Du C, et al. All-cause excess mortality
and COVID-19-Related mortality among US adults aged 25-44
years, March-July 2020. JAMA. 2021;325(8):785. https://doi.org/
10.1001 /jama.2020.24243.

Hawkins RB, Charles EJ, Mehaffey JH. Socio-economic status and
COVID-19-related  cases and fatalities. ~ Public =~ Health.
2020;189:129-134. https://doi.org/10.1016/j.puhe.2020.09.016.
Torres C, Garcfa J, Meslé F, et al. Identifying age- and sex-specific
COVID-19 mortality trends over time in six countries. Int ] Infect
Dis. 2023;128:32-40. https://doi.org/10.1016/.ijid.2022.12.004.
Noymer A, Garenne M. The 1918 influenza epidemic’s effects on sex
differentials in mortality in the United States. Popul Dev Rev.
2000;26(3):565-581. https://doi.org/10.1111/j.1728-4457.2000.00565 x.
Galasso V, Pons V, Profeta P, Becher M, Brouard S, Foucault M.
Gender differences in COVID-19 attitudes and behavior: panel
evidence from eight countries. Proc Natl Acad Sci USA.
2020;117(44):27285-27291. https://doi.org/10.1073/pnas.2012520117.

13


https://www.mortality.org/Data/STMF
https://osf.io/wmt85
https://doi.org/10.1016/j.eclinm.2026.104072
https://doi.org/10.1016/j.eclinm.2026.104072
https://doi.org/10.1080/00324720701331433
https://doi.org/10.1136/bmjopen%2D2016%2D012564
https://doi.org/10.1017/S0021932005007212
https://doi.org/10.1016/0277%2D9536%2893%2990407%2DU
https://doi.org/10.1016/0277%2D9536%2893%2990407%2DU
https://doi.org/10.1073/pnas.2010588118
https://doi.org/10.3389/fpubh.2020.00152
https://doi.org/10.1038/s41467%2D020%2D19741%2D6
https://doi.org/10.1038/s41467%2D020%2D19741%2D6
https://doi.org/10.1073/pnas.1701535115
https://doi.org/10.1111/ijcp.13666
https://doi.org/10.1093/cvr/cvaa284
https://doi.org/10.1186/s13293%2D020%2D00304%2D9
https://doi.org/10.1038/s41586%2D024%2D07789%2Dz
https://doi.org/10.1038/s41586%2D024%2D07789%2Dz
https://doi.org/10.1007/s11481%2D020%2D09974%2Dz
https://doi.org/10.1007/s11481%2D020%2D09974%2Dz
https://doi.org/10.1038/s41577%2D020%2D0348%2D8
https://doi.org/10.1038/s41586%2D020%2D2700%2D3
https://doi.org/10.1038/s41586%2D020%2D2700%2D3
https://doi.org/10.1126/science.abe7199
https://doi.org/10.1126/science.abe7199
https://doi.org/10.3389/fimmu.2021.659339
https://doi.org/10.1016/j.socscimed.2022.114698
https://doi.org/10.1016/j.socscimed.2022.114698
https://doi.org/10.1080/17441692.2021.1981972
https://doi.org/10.1080/17441692.2021.1981972
https://doi.org/10.1080/13545701.2020.1829673
https://doi.org/10.1080/13545701.2020.1829673
https://doi.org/10.1093/ije/dyac047
https://doi.org/10.1093/ije/dyac047
https://doi.org/10.1038/s41586%2D020%2D2918%2D0
https://doi.org/10.1038/s41586%2D020%2D2918%2D0
https://doi.org/10.1186/s12889%2D023%2D16828%2D9
https://doi.org/10.1016/S0140%2D6736%2820%2931748%2D7
https://doi.org/10.1016/S0140%2D6736%2820%2931748%2D7
https://doi.org/10.1016/j.ijid.2024.107167
https://doi.org/10.1016/j.ijid.2024.107167
https://doi.org/10.1007/s00508%2D020%2D01793%2D9
https://doi.org/10.1007/s00508%2D020%2D01793%2D9
https://doi.org/10.14745/ccdr.v48i01a05
https://doi.org/10.14745/ccdr.v48i01a05
https://doi.org/10.1136/bmjgh%2D2021%2D007225
https://doi.org/10.1136/bmjgh%2D2021%2D007225
https://doi.org/10.1016/j.socscimed.2022.114716
https://doi.org/10.1016/j.socscimed.2022.114716
https://doi.org/10.1001/jama.2020.24243
https://doi.org/10.1001/jama.2020.24243
https://doi.org/10.1016/j.puhe.2020.09.016
https://doi.org/10.1016/j.ijid.2022.12.004
https://doi.org/10.1111/j.1728%2D4457.2000.00565.x
https://doi.org/10.1073/pnas.2012520117

Articles

14

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

Haischer MH, Beilfuss R, Hart MR, et al. Who is wearing a mask?
Gender-, age-, and location-related differences during the COVID-
19 pandemic. PLoS One. 2020;15(10):€0240785. https://doi.org/10.
1371/journal.pone.0240785.

Dowd ]B, Aiello AE. Did national folic acid fortification reduce
socioeconomic and racial disparities in folate status in the US? Int |
Epidemiol. 2008;37(5):1059-1066. https://doi.org/10.1093/ije/dyn066.
Eikemo TA, Skalicka V, Avendano M. Variations in relative health
inequalities: are they a mathematical artefact? Int | Equity Health.
2009;8(1):32. https://doi.org/10.1186/1475-9276-8-32.

Krieger N, Chen JT, Waterman PD. Excess mortality in men and
women in Massachusetts during the COVID-19 pandemic.
Lancet.  2020;395(10240):1829.  https://doi.org/10.1016/S0140-
6736(20)31234-4.

Mackenbach JP. Should we aim to reduce relative or absolute
inequalities in mortality? Eur J Public Health. 2015;25(2):185.
https://doi.org/10.1093 /eurpub/cku217.

Moser K, Frost C, Leon DA. Comparing health inequalities across
time and place—rate ratios and rate differences lead to different
conclusions: analysis of cross-sectional data from 22 countries
1991-2001. Int J Epidemiol. 2007;36(6):1285-1291. https://doi.
org/10.1093/ije/dym176.

Garcia ], Torres C, Barbieri M, et al. Differences in COVID-19
mortality: implications of imperfect and diverse data collection
systems. Population. 2021;76(1):35-72. https://doi.org/10.3917/
popu.2101.0035.

Acosta E. Global estimates of excess deaths from COVID-19. Nature.
2023;613(7942):31-33. https://doi.org/10.1038/d41586-022-04138-w.
Helleringer S, Queiroz BL. Commentary: measuring excess
mortality due to the COVID-19 pandemic: progress and
persistent challenges. Int | Epidemiol. 2022;51(1):85-87. https://
doi.org/10.1093/ije/dyab260.

Leon DA, Shkolnikov VM, Smeeth L, Magnus P, Pechholdova M,
Jarvis CI. COVID-19: a need for real-time monitoring of weekly
excess deaths. Lancet. 2020;395(10234):e81. https://doi.org/10.
1016/50140-6736(20)30933-8.

Ansart S, Pelat C, Boelle PY, Carrat F, Flahault A, Valleron AJ.
Mortality burden of the 1918-1919 influenza pandemic in
Europe. Influenza Other Respir Viruses. 2009;3(3):99-106. https://
doi.org/10.1111/j.1750-2659.2009.00080.x.

Paglino E, Stokes AC. Excess mortality as a tool to monitor the
evolution of health emergencies: choices, challenges, and future
directions. Am ] Public Health. 2024;114(6):583-586. https://doi.
org/10.2105/AJPH.2024.307661.

Rudnytskyi O, Levchuk N, Wolowyna O, Shevchuk P, Kovbasiuk A.
Demography of a man-made human catastrophe: the case of
massive famine in Ukraine 1932-1933. Can Stud Popul.
2015;42(1-2):1-2. https://doi.org/10.25336/P6FC7G.

Paglino E, Lundberg DJ, Wrigley-Field E, et al. Excess natural-
cause mortality in US counties and its association with reported
COVID-19 deaths. Proc Natl Acad Sci USA. 2024;121(6):
€2313661121. https://doi.org/10.1073/pnas.2313661121.

Jdanov DA, Galarza AA, Shkolnikov VM, et al. The short-term
mortality fluctuation data series, monitoring mortality shocks
across time and space. Sci Data. 2021;8(1):1. https://doi.org/10.
1038/s41597-021-01019-1.

Fletcher D, Jowett T. Single-fit bootstrapping: a simple alternative
to the delta method. Methods Ecol Evol. 2022;13(6):1358-1367.
https://doi.org/10.1111/2041-210X.13848.

Iuliano AD, Chang HH, Patel NN, et al. Estimating under-
recognized COVID-19 deaths, United States, March 2020-may
2021 using an excess mortality modelling approach. Lancet Reg
Health Am. 2021;1. https://doi.org/10.1016/j.lana.2021.100019.
Wakefield J, Knutson V. Excess mortality estimation. Annu Rev
Stat Its Appl. 2025;12:45-68. https://doi.org/10.1146/annurev-
statistics-112723-034236.

Pitheckoff N. Aging in the Republic of Bulgaria. Gerontologist.
2017;57(5):809-815. https://doi.org/10.1093/geront/gnx075.
Spiegelhalter D. Use of “normal” risk to improve understanding of
dangers of covid-19. BMJ. 2020;370:m3259. https://doi.org/10.
1136/bmj.m3259.

Nafilyan V, Dolby T, Finning K, et al. Differences in COVID-19
vaccination coverage by occupation in England: a national linked
data study. Occup Environ Med. 2022;79(11):758-766. https://doi.
org/10.1136/oemed-2021-108140.

Hupkau C, Petrongolo B. Work, care and gender during the
COVID-19 crisis. Fiscal Stud. 2020;41(3):623-651. https://doi.org/
10.1111/1475-5890.12245.

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

Hawkins D, Davis L, Kriebel D. COVID-19 deaths by occupation,
Massachusetts, march 1-July 31, 2020. Am ] Ind Med.
2021;64(4):238-244. https://doi.org/10.1002/ajim.23227.
Robertson C, Gebeloff R. How millions of women became the
Most essential workers in America. Int N Y Times; April 20, 2020.
https://link.gale.com/apps/doc/A621368649/AONE?u=anon~eafe8
cdb&sid=googleScholar&xid=c756e88e. Accessed July 12, 2026.

de Paz C. Gender dimensions of the COVID-19 pandemic. 2020.
Lewandowski P, Lipowska K, Magda 1. The gender dimension of
occupational exposure to contagion in Europe. Fem Econ.
2021;27(1-2):48-65. https://doi.org/10.1080/13545701.2021.1880016.
Kowalik Z, Lewandowski P. The gender gap in aversion to COVID-
19 exposure: evidence from professional tennis. PLoS One.
2021;16(3):€0249045. https://doi.org/10.1371/journal.pone.0249045.
Lewis A, Duch R. Gender differences in perceived risk of COVID-
19. Soc Sci Q. 2021;102(5):2124-2133. hitps://doi.org/10.1111/
ssqu.13079.

Toshkov D. Explaining the gender gap in COVID-19 vaccination
attitudes. Eur | Public Health. 2023;33(3):490-495. https://doi.
org/10.1093 /eurpub/ckad052.

Sileo KM, Hirani IM, Luttinen RL, Hayward M, Fleming PJ.
A scoping review on gender/sex differences in COVID-19
vaccine intentions and uptake in the United States. Am J Health
Promot. 2024;38(2):242-274. https://doi.org/10.1177/
08901171231200778.

Lewandowski P. Occupational exposure to contagion and the spread of
COVID-19 in Europe. IZA Discussion Papers; 2020. https://www.
econstor.eu/handle/10419/223669. Accessed March 3, 2026.
Mikucka M, Antczak R. Role of individual characteristics and
national distancing policies for COVID-19 protective behaviour
among older adults: a cross-sectional study of 27 European
countries. BM]J Open. 2023;13(2):e060291. https://doi.org/10.
1136/bmjopen-2021-060291.

Zintel S, Flock C, Arbogast AL, Forster A, von Wagner C,
Sieverding M. Gender differences in the intention to get
vaccinated against COVID-19: a systematic review and meta-
analysis. Z Gesundh Wiss. 2022:1-25. https://doi.org/10.1007/
$10389-021-01677-w. Published online January 7.

Sutton D, D’Alton M, Zhang Y, et al. COVID-19 vaccine acceptance
among pregnant, breastfeeding, and nonpregnant reproductive-
aged women. Am ] Obstet Gynecol MFM. 2021;3(5):100403.
https://doi.org/10.1016/j.ajogmf.2021.100403.

Galanis P, Vraka I, Siskou O, Konstantakopoulou O, Katsiroumpa A,
Kaitelidou D. Uptake of COVID-19 vaccines among pregnant
women: a systematic review and meta-analysis. Vaccines.
2022;10(5):766. https://doi.org/10.3390/vaccines10050766.

Iannizzi C, Andreas M, Bohndorf E, et al. Communication-based
interventions to increase COVID-19 vaccine willingness and
uptake: a systematic review with meta-analysis. BM] Open.
2025;15(5):€072942. https://doi.org/10.1136/bmjopen-2023-072942.
Flor LS, Friedman J, Spencer CN, et al. Quantifying the effects of
the COVID-19 pandemic on gender equality on health, social,
and economic indicators: a comprehensive review of data from
March, 2020, to September, 2021. Lancet.
2022;399(10344):2381-2397.  https://doi.org/10.1016/S0140-
6736(22)00008-3.

Frederiksen B, Ranji U, Salganicoff A, Long M. Women’s
experiences with health care during the COVID-19 pandemic:
findings from the KFF women’s health survey. KFF; 2021. https://
www kff.org/womens-health-policy/womens-experiences-with-
health-care-during-the-covid-19-pandemic-findings-from-the-kff-womens-
health-survey/. Accessed March 3, 2026.

Van Benschoten H, Kuganantham H, Larsson EC, et al. Impact of
the COVID-19 pandemic on access to and utilisation of services for
sexual and reproductive health: a scoping review. BMJ Glob Health.
2022;7(10). https://doi.org/10.1136/bmjgh-2022-009594.

Pulse survey on continuity of essential health services during the
COVID-19 pandemic: interim report, 27 August 2020. https://www.
who.int/publications/i/item/WHO-2019-nCoV-EHS_continuity-survey-
2020.1. Accessed March 3, 2026.

Alon T, Doepke M, Olmstead-Rumsey |, Tertilt M. The impact of
COVID-19 on gender equality. National Bureau of Economic
Research; 2020:26947. https://doi.org/10.3386/w26947. Preprint
posted online April.

COVID-19 crisis and the informal economy: immediate responses and
policy challenges. International Labour Organization; 2020. https://
www.ilo.org/resource/brief/covid-19-crisis-and-informal-economy-
immediate-responses-and-policy. Accessed March 5, 2026.

www.thelancet.com Vol 98 August, 2026


https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.1371/journal.pone.0240785
https://doi.org/10.1093/ije/dyn066
https://doi.org/10.1186/1475%2D9276%2D8%2D32
https://doi.org/10.1016/S0140%2D6736%2820%2931234%2D4
https://doi.org/10.1016/S0140%2D6736%2820%2931234%2D4
https://doi.org/10.1093/eurpub/cku217
https://doi.org/10.1093/ije/dym176
https://doi.org/10.1093/ije/dym176
https://doi.org/10.3917/popu.2101.0035
https://doi.org/10.3917/popu.2101.0035
https://doi.org/10.1038/d41586%2D022%2D04138%2Dw
https://doi.org/10.1093/ije/dyab260
https://doi.org/10.1093/ije/dyab260
https://doi.org/10.1016/S0140%2D6736%2820%2930933%2D8
https://doi.org/10.1016/S0140%2D6736%2820%2930933%2D8
https://doi.org/10.1111/j.1750%2D2659.2009.00080.x
https://doi.org/10.1111/j.1750%2D2659.2009.00080.x
https://doi.org/10.2105/AJPH.2024.307661
https://doi.org/10.2105/AJPH.2024.307661
https://doi.org/10.25336/P6FC7G
https://doi.org/10.1073/pnas.2313661121
https://doi.org/10.1038/s41597%2D021%2D01019%2D1
https://doi.org/10.1038/s41597%2D021%2D01019%2D1
https://doi.org/10.1111/2041%2D210X.13848
https://doi.org/10.1016/j.lana.2021.100019
https://doi.org/10.1146/annurev%2Dstatistics%2D112723%2D034236
https://doi.org/10.1146/annurev%2Dstatistics%2D112723%2D034236
https://doi.org/10.1093/geront/gnx075
https://doi.org/10.1136/bmj.m3259
https://doi.org/10.1136/bmj.m3259
https://doi.org/10.1136/oemed%2D2021%2D108140
https://doi.org/10.1136/oemed%2D2021%2D108140
https://doi.org/10.1111/1475%2D5890.12245
https://doi.org/10.1111/1475%2D5890.12245
https://doi.org/10.1002/ajim.23227
https://link.gale.com/apps/doc/A621368649/AONE?u%3Danon%26amp;tnqh_x223C%3Beafe8cdb%26amp;amp%3Bamp%3Bsid%3DgoogleScholar%26amp;amp%3Bamp%3Bxid%3Dc756e88e
https://link.gale.com/apps/doc/A621368649/AONE?u%3Danon%26amp;tnqh_x223C%3Beafe8cdb%26amp;amp%3Bamp%3Bsid%3DgoogleScholar%26amp;amp%3Bamp%3Bxid%3Dc756e88e
http://refhub.elsevier.com/S2589-5370(26)00325-1/sref59
https://doi.org/10.1080/13545701.2021.1880016
https://doi.org/10.1371/journal.pone.0249045
https://doi.org/10.1111/ssqu.13079
https://doi.org/10.1111/ssqu.13079
https://doi.org/10.1093/eurpub/ckad052
https://doi.org/10.1093/eurpub/ckad052
https://doi.org/10.1177/08901171231200778
https://doi.org/10.1177/08901171231200778
https://www.econstor.eu/handle/10419/223669
https://www.econstor.eu/handle/10419/223669
https://doi.org/10.1136/bmjopen%2D2021%2D060291
https://doi.org/10.1136/bmjopen%2D2021%2D060291
https://doi.org/10.1007/s10389%2D021%2D01677%2Dw
https://doi.org/10.1007/s10389%2D021%2D01677%2Dw
https://doi.org/10.1016/j.ajogmf.2021.100403
https://doi.org/10.3390/vaccines10050766
https://doi.org/10.1136/bmjopen%2D2023%2D072942
https://doi.org/10.1016/S0140%2D6736%2822%2900008%2D3
https://doi.org/10.1016/S0140%2D6736%2822%2900008%2D3
https://www.kff.org/womens%2Dhealth%2Dpolicy/womens%2Dexperiences%2Dwith%2Dhealth%2Dcare%2Dduring%2Dthe%2Dcovid%2D19%2Dpandemic%2Dfindings%2Dfrom%2Dthe%2Dkff%2Dwomens%2Dhealth%2Dsurvey/
https://www.kff.org/womens%2Dhealth%2Dpolicy/womens%2Dexperiences%2Dwith%2Dhealth%2Dcare%2Dduring%2Dthe%2Dcovid%2D19%2Dpandemic%2Dfindings%2Dfrom%2Dthe%2Dkff%2Dwomens%2Dhealth%2Dsurvey/
https://www.kff.org/womens%2Dhealth%2Dpolicy/womens%2Dexperiences%2Dwith%2Dhealth%2Dcare%2Dduring%2Dthe%2Dcovid%2D19%2Dpandemic%2Dfindings%2Dfrom%2Dthe%2Dkff%2Dwomens%2Dhealth%2Dsurvey/
https://www.kff.org/womens%2Dhealth%2Dpolicy/womens%2Dexperiences%2Dwith%2Dhealth%2Dcare%2Dduring%2Dthe%2Dcovid%2D19%2Dpandemic%2Dfindings%2Dfrom%2Dthe%2Dkff%2Dwomens%2Dhealth%2Dsurvey/
https://doi.org/10.1136/bmjgh%2D2022%2D009594
https://www.who.int/publications/i/item/WHO%2D2019%2DnCoV%2DEHS_continuity%2Dsurvey%2D2020.1
https://www.who.int/publications/i/item/WHO%2D2019%2DnCoV%2DEHS_continuity%2Dsurvey%2D2020.1
https://www.who.int/publications/i/item/WHO%2D2019%2DnCoV%2DEHS_continuity%2Dsurvey%2D2020.1
https://doi.org/10.3386/w26947
https://www.ilo.org/resource/brief/covid%2D19%2Dcrisis%2Dand%2Dinformal%2Deconomy%2Dimmediate%2Dresponses%2Dand%2Dpolicy
https://www.ilo.org/resource/brief/covid%2D19%2Dcrisis%2Dand%2Dinformal%2Deconomy%2Dimmediate%2Dresponses%2Dand%2Dpolicy
https://www.ilo.org/resource/brief/covid%2D19%2Dcrisis%2Dand%2Dinformal%2Deconomy%2Dimmediate%2Dresponses%2Dand%2Dpolicy

Articles

77

78

79

80

81

Del Boca D, Oggero N, Profeta P, Rossi M. Women’s and men’s
work, housework and childcare, before and during COVID-19.
Rev Econ Househ. 2020;18(4):1001-1017. https://doi.org/10.1007/
s11150-020-09502-1.

Santomauro DF, Herrera AMM, Shadid J, et al. Global prevalence
and burden of depressive and anxiety disorders in 204 countries
and territories in 2020 due to the COVID-19 pandemic. Lancet.
2021;398(10312):1700-1712. https://doi.org/10.1016/S0140-
6736(21)02143-7.

COVID-19 and ending violence against women and girls. UN
Women—Headquarters; 2020. https://www.unwomen.org/en/
digital-library/publications/2020/04 /issue-brief-covid-19-and-
ending-violence-against-women-and-girls. Accessed March 3, 2026.
Angelov A, Atanassov A, Atanasov V, Gyoshev S, Saraivanova J,
Volodina V. Circulatory diseases and the wide sex and ethnic life
expectancy gaps in Bulgaria since 2010. Public Health.
2024;236:144-152. https://doi.org/10.1016/j.puhe.2024.05.031.
Forsyth CB, Voigt RM, Swanson GR, et al. Alcohol use disorder as a
potential risk factor for COVID-19 severity: a narrative review. Alcohol
Clin Exp Res. 2022;46(11):1930-1943. https://doi.org/10.1111/acer.14936.

www.thelancet.com Vol 98 August, 2026

82

83

84

85

86

87

Patanavanich R, Glantz SA. Smoking is associated with COVID-19
progression: a meta-analysis. Nicotine Tob Res.
2020;22(9):1653-1656. https://doi.org/10.1093 /ntr/ntaa082.

Xu J, Xiao W, Liang X, et al. A meta-analysis on the risk factors
adjusted association between cardiovascular disease and COVID-
19 severity. BMC Public Health. 2021;21(1):1533. https://doi.org/
10.1186/512889-021-11051-w.

Wu M, Liu S, Wang C, Wu Y, Liu J. Risk factors for mortality
among lung cancer patients with covid-19 infection: a systematic
review and meta-analysis. PLoS One. 2023;18(9):e0291178.
https://doi.org/10.1371/journal.pone.0291178.

Bettio F, Verashchagina A, Mairhuber I, et al. Gender segregation in
the labour market: root causes, implications and policy responses in the
EU. European Commission; 2009.

Ellingseeter AL. Scandinavian welfare states and gender (de)
segregation: recent trends and processes. Econ Ind Democr.
2013;34(3):501-518. https://doi.org/10.1177/0143831X13491616.
Ullrich-Kniffka N, Schéley J. Population age structure dependency
of the excess mortality P-score. Popul Health Metr. 2024;22(1):25.
https://doi.org/10.1186/512963-024-00346-w.

15


https://doi.org/10.1007/s11150%2D020%2D09502%2D1
https://doi.org/10.1007/s11150%2D020%2D09502%2D1
https://doi.org/10.1016/S0140%2D6736%2821%2902143%2D7
https://doi.org/10.1016/S0140%2D6736%2821%2902143%2D7
https://www.unwomen.org/en/digital%2Dlibrary/publications/2020/04/issue%2Dbrief%2Dcovid%2D19%2Dand%2Dending%2Dviolence%2Dagainst%2Dwomen%2Dand%2Dgirls
https://www.unwomen.org/en/digital%2Dlibrary/publications/2020/04/issue%2Dbrief%2Dcovid%2D19%2Dand%2Dending%2Dviolence%2Dagainst%2Dwomen%2Dand%2Dgirls
https://www.unwomen.org/en/digital%2Dlibrary/publications/2020/04/issue%2Dbrief%2Dcovid%2D19%2Dand%2Dending%2Dviolence%2Dagainst%2Dwomen%2Dand%2Dgirls
https://doi.org/10.1016/j.puhe.2024.05.031
https://doi.org/10.1111/acer.14936
https://doi.org/10.1093/ntr/ntaa082
https://doi.org/10.1186/s12889%2D021%2D11051%2Dw
https://doi.org/10.1186/s12889%2D021%2D11051%2Dw
https://doi.org/10.1371/journal.pone.0291178
http://refhub.elsevier.com/S2589-5370(26)00325-1/sref85
http://refhub.elsevier.com/S2589-5370(26)00325-1/sref85
http://refhub.elsevier.com/S2589-5370(26)00325-1/sref85
https://doi.org/10.1177/0143831X13491616
https://doi.org/10.1186/s12963%2D024%2D00346%2Dw

	Sex differences in excess mortality during the COVID-19 pandemic: a longitudinal ecological analysis of 34 high-income coun ...
	Introduction
	Methods
	Patient and public involvement
	Ethics statements
	Role of the funding source

	Results
	Discussion
	Contributors
	Data sharing statement
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


