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Objectives: This study investigates gender and sex disparities in COVID-19 epidemiology
in the Canton of Vaud, Switzerland, focusing on the interplay with socioeconomic position
(SEP) and age.

Methods:We analyzed COVID-19 surveillance data fromMarch 2020 to June 2021, using
an intersectional approach. Negative binomial regression models assessed disparities
between women and men, across SEP quintiles and age groups, in testing, positivity,
hospitalizations, ICU admissions, and mortality (Incidence Rate Ratios [IRR], with 95%
Confidence Intervals [CI]).

Results:Women had higher testing and positivity rates than men, while men experienced
more hospitalizations, ICU admissions, and deaths. The higher positivity in women under
50 was mitigated when accounting for their higher testing rates. Within SEP quintiles,
gender/sex differences in testing and positivity were not significant. In the lowest quintile,
women’s mortality risk was 68% lower (Q1: IRR 0.32, CI 0.20–0.52), with decreasing
disparities with increasing SEP quintiles (Q5: IRR 0.66, CI 0.41–1.06).

Conclusion:Our findings underscore the complex epidemiological patterns of COVID-19,
shaped by the interactions of gender/sex, SEP, and age, highlighting the need for
intersectional perspectives in both epidemiological research and public health strategy
development.
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INTRODUCTION

The COVID-19 pandemic has had heterogeneous impacts, with certain populations being
disproportionately affected. The literature on COVID-19 indicates that socioeconomically
disadvantaged groups face higher risks of contracting the virus and experiencing severe
outcomes such as hospitalization and mortality [1–5]. This risk is linked to socioeconomic
determinants, where limited income and education create conditions that elevate exposure risk
and susceptibility to infection [1]. In many countries, studies have highlighted socioeconomic
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disparities in the COVID-19 cascade, both nationally [5–8] and
regionally [4, 9], indicating that neighborhood-level
socioeconomic vulnerability shapes these disparities [10].
Additionally, substantial gender differences, particularly in
labor and family domains, impact individuals throughout their
lifespan, contributing to gendered socioeconomic inequalities
that affect health [11].

Globally, men were more likely to develop severe forms of
COVID-19, resulting in higher hospitalizations and mortality
rates compared to women [12–18]. The origins and pathways of
these disparities are rooted in a complex interplay of gender-
specific social processes and sex-related biological attributes.
Gender, as a major social determinant of health, shapes life
experiences and health outcomes through systematic
differences in roles, responsibilities, access to power, and
opportunities between women and men [19, 20]. Gender
inequalities in health arise from the intricate interaction of
multiple factors, including differential exposure to health risks,
health-related behaviors, access to healthcare, and gender biases
in healthcare and research [19, 21]. Exploring gender and sex
reveals nuanced pathways impacting the COVID-19 progression
from testing rates to mortality. Gender affects individuals’ health
behaviors, access to healthcare, occupational exposures, and
adherence to public health measures, thereby potentially
affecting COVID-19 exposure, testing rates, positivity, and the
burden of disease [15, 22–25]. Meanwhile, sex-related differences,
such as immune responses and hormone levels, primarily
influence susceptibility, severity, and mortality rates of
COVID-19 [13, 26, 27]. Studies suggest that hormones like
oestrogens and progesterone, typically higher in women, offer
protection against viral infections, whereas testosterone,
predominant in men, may have the opposite effect [28, 29].
Additionally, men often exhibit higher ACE-2 receptor levels,
used by SARS-CoV-2 to enter cells, potentially explaining the
more severe infection cases [26, 28, 30].

There are significant variations in the influence of gender,
sex, and socioeconomic conditions on health throughout the
lifespan, shaped by factors including evolving gender norms,
fluctuating economic resources, and sex-specific
developmental stages such as puberty or menopause. These
variations underscore the importance of intersectional
approaches to deepen our understanding of COVID-19
epidemiology [28, 31]. Building on Kimberlé Crenshaw’s
work, the concept of intersectionality emerges as a critical
framework that recognizes that women and men do not
constitute homogenous groups [32]. It argues that their
health should be investigated by simultaneously considering
other major determinants of health, such as age and
socioeconomic status [19, 33]. An intersectional perspective
highlights the intricate ways in which socially constructed
categories—rooted in structural power relations—intersect
at various levels to produce nuanced layers of advantage or
disadvantage [19, 34, 35]. This approach moves beyond the
consideration of isolated risk factors [36] and focuses on
identifying modifiable causes for health inequalities, offering
major insights for formulating equitable public health policies
and interventions [37].

This study analyzes surveillance data from the canton of Vaud,
located in the southwestern part of Switzerland within the
French-speaking region. As one of Switzerland’s larger cantons
by population and area, it encompasses diverse urban and rural
settings, representing approximately one-tenth of the national
population. The primary objective is to explore gender and sex
disparities in the COVID-19 epidemiology cascade, from testing
to mortality, including test positivity, hospitalization, and
intensive care unit (ICU) admission. We examined these
disparities in the context of key social determinants of health,
focusing on neighborhood-based socioeconomic position (SEP)
and age, through an intersectional analytical approach.We aim to
uncover the complex dynamics underlying these disparities and
enhance our understanding of COVID-19’s broader
epidemiology. Such knowledge, by considering gender and sex
influences, vulnerabilities, and diverse social determinants of
health is essential for developing targeted and effective public
health strategies to address COVID-19 and guide responses to
future pandemics [28].

METHODS

Study Design and Setting
This observational retrospective study analyzed COVID-19
surveillance data from March 2020 to the end of June 2021 of
the population residing in the canton of Vaud. The first
epidemic wave in Switzerland spanned from February to
May 2020, characterized by low testing capacities with RT-
PCR tests [4, 5]. The tested population primarily included
symptomatic individuals, those with known risk factors (e.g.,
people with comorbidities), and healthcare workers [4].
Testing was expanded on June 24, 2020, to include mildly
symptomatic individuals and close contacts of infected
individuals, with test costs reimbursed [5]. Vaccinations
began in December 2020, initially for vulnerable groups,
and expanded with the opening of vaccination on
11 January 2021 [38, 39]. By June 2021, 85% of those aged
75 or older, and 53% of those aged 18 to 49 had received at least
one vaccine dose [40].

Data
Within the Swiss federal state, the Federal Office of Public Health
(FOPH) oversees the monitoring of transmissible diseases,
including COVID-19, in collaboration with cantonal
authorities, through mandatory reporting of infectious diseases
[38]. Entities authorized to conduct SARS-CoV-2 testing (RT-
PCR and rapid antigen tests), such as general practitioners,
pharmacies, and testing centers, had to notify each test
(negative and positive) to the FOPH. Hospitalizations (lasting
at least 24 h) and ICU admissions due to COVID-19 were
reported by hospitals. Probable or confirmed COVID-19-
related deaths were reported to cantonal health authorities (see
Supplementary Table S1 for case definitions). Population data as
of 31 December 2020, were obtained from the cantonal office of
statistics [41]. The SEP of notified individuals was determined
using the Swiss-SEP, an area-based indicator [42, 43]. Detailed
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information on the geocoding procedures is provided in
Supplementary Section S2.

The study period spanned 69 weeks from 2 March 2020 (first
notified cases in Vaud canton), to 27 June 2021, marking the
cessation of the cantonal hospital’s surveillance system. Due to
inconsistent negative test reporting prior to 24 May 2020, the
dataset for the total number of tests was limited to the period
from 27 May 2020, to 27 June 2021, covering a span of 57 weeks.
Notifications included the date, test result (positive, negative),
date of birth or age, and residential address. Additionally, for
hospitalization, death, and PCR test notifications, administrative
sex was recorded, restricted to “female” or “male” in Switzerland.
For rapid antigenic tests, however, gender identity was recorder,
offering options “other”, “women”, and “men”. Consequently, we
have referred to this variable as “gender/sex” throughout our
analysis to better acknowledge the inclusion of both aspects in our
data aggregation. Duplicated notifications, records with invalid
residential addresses, and those missing age or gender/sex
information were excluded. Additionally, notifications with
“other” as gender/sex (0.001% of total tests) were excluded.
Age was grouped into eight categories of 10-year age bands
and 80 and above. For hospitalizations, ICU admissions, and
deaths, ages 0–59 years were combined due to low number of
events in this age range.

The Swiss Socio-Economic
Position (Swiss-SEP)
The Swiss-SEP, an area-based socio-economic position index
centered on each residential building and incorporating
neighborhood information from the surrounding
50 households, was developed by the Swiss National Cohort
[43] (detailed in Supplementary Section S3). The Swiss-SEP
index, derived through principal component analysis, aggregates
neighborhood-level data from the 2000 census and
2012–2015 annual micro-census. This index utilizes key
indicators as proxies for SEP: median rent per square meter
(income proxy), proportion of households led by individuals with
a primary education or less (education proxy), proportion of
households headed by individuals in manual or unskilled jobs
(occupation proxy), and the average number of persons per room
(crowding proxy). The index scores range from 0 to 100, with
higher values indicating higher SEP [42]. There are 115,596 SEP
neighborhoods within the geographical boundaries of
Vaud canton.

Residential coordinates of each notification were matched
with the nearest SEP neighborhood, and SEP index values
were categorized into quintiles from one (lowest) to five
(highest). Non-residential addresses, such as schools or
nursing homes, and addresses with only ZIP code information,
were assigned the average SEP of their ZIP code area. Regarding
total and positive test notifications, 94% and 92%, respectively,
were successfully geocoded, thus assigned an address-based SEP
(See Supplementary Table S4). However, notifications for
hospitalization and ICU admission, that contained only ZIP
code information, did not receive a SEP assignment due to the
method of assigning average SEP scores to ZIP code areas, which

tends to centralize distribution around mean values, thereby
reducing variability at the extremes of the SEP quintiles. Death
notifications that could not be geocoded (39%) were likewise
excluded from analyses requiring SEP attribution, due to similar
concerns regarding the accuracy of SEP assignment.

Statistical Analysis
The distribution of notifications stratified by gender/sex, across
age groups, and SEP quintiles were described. Incidence rates of
tests, positive tests, hospitalizations, ICU admissions, and deaths
were calculated weekly per 100,000 persons, stratified by gender/
sex categories. Cumulative incidence rates over the study period
were similarly computed. Negative binomial regression models
were used to examine the incidence rate ratios (IRR) with 95%
confidence intervals (CIs) between women and men, with
interaction terms between gender/sex and age groups and
between SEP quintiles. These models, which can handle
overdispersion of residuals, included denominators as offsets,
with corresponding age and sex structure of the general
population as of 31 December 2020, serving as the base for all
outcomes. Specifically for positive tests, an additional negative
binomial model using the total number of tests as the
denominator was formulated to investigate gender/sex-specific
test positivity ratios. A similar methodology was applied for ICU
admissions, with hospitalizations serving as the offset. Sensitivity
analyses were conducted on death notifications, incorporating
notifications from institutional locations, followed by a
comprehensive analysis of all death notifications, including
those not precisely geocoded. Statistical analyses were
conducted using R statistical software [44], and negative
binomial models estimated using the MASS package [45].

Data Reporting Standards
This research aligns with the Sex and Gender Equity in Research
(SAGER) guidelines, which advocate for systematic integration of
sex and gender considerations into research design, analysis, and
reporting [46]. Consequently, we will discuss the sex and/or
gender-related mechanisms potentially influencing the findings
reported within the context of Switzerland. In this paper, the term
“gender/sex” is used to acknowledge the complex interplay
between these concepts from a theoretical perspective [47].
This terminology effectively reflects the varied nature of
surveillance data analyzed, where the indicator might represent
either administrative sex or gender identity, depending on the
notification type. From a methodological standpoint, gender/sex
acts as a proxy capturing both gender-related aspects (e.g.,
behaviors) and sex-related biological factors (e.g., hormonal
differences), which may impact the outcomes studied.

RESULTS

By the end of 2020, Vaud population was 815,300, comprising
412,599 women (50.6%) and 402,701 men (49.4%) (Table 1).
From March 2020 to June 2021, a total of 885,925 SARS-CoV-
2 tests, 96,963 positive tests, 6,356 hospitalizations, 1,134 ICU
admissions and 1,175 deaths (before excluding non-geocoded
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death notifications) were notified and met eligibility criteria (see
Supplementary Figure S5). Although women had more tests and
positive results, the majority of hospitalizations, ICU admissions,
and deaths occurred among men.

In the canton of Vaud, 38% of women and 34% of men were
aged 50 and above. Among women, this age group accounted for
33% of all tests and 38% of positive tests, but represented 80% of
hospitalizations, 89% of ICU admissions, and 99.8% of deaths.
Likewise, men aged 50 and older accounted for 32% of tests, 39%
of positive tests, 86% of hospitalizations, 91% of ICU admissions,
and 99.4% of deaths.

For total tests, 17% of women and 18% of men were in the
lowest socioeconomic quintile (Q1), while 21% of tests for both
women and men occurred in the highest quintile (Q5). Regarding
positive tests, 21% for women and 20% for men were recorded in
Q1, with 18% in Q5 for both. In terms of mortality, 18% of men
who died were in Q1, and 14% in Q5. Among women, 12% of
deaths occurred in Q1 and 15% in Q5.

The weekly incidence of outcomes per 100,000 showed distinct
patterns between women and men throughout the study period
(Figure 1). Women had higher incidence rate of tests and positive
tests compared to men, especially during the second wave of the
pandemic. In contrast, men had higher incidence rates of
hospitalizations and ICU admissions throughout the study
period, though the disparity in mortality rates was less
pronounced. During the third wave, while testing rates peaked,
both severe outcomes and positivity rates were
comparatively lower.

The cumulative incidences of outcomes across age groups,
gender/sex categories, and SEP quintiles revealed distinct patterns
(Figure 2). Individuals aged 20 to 39 were the most tested group,
whereas children under 10 were the least tested. Testing rates
were higher for people aged 80 and above compared to those aged
60–69 and 70–79. Similar patterns emerged across age groups
concerning positivity. For severe outcomes, prominent age-
related trends were observed, with older age groups
experiencing higher incidence rates, though ICU admission
were less frequent among those aged 80 and above. Men
experienced higher incidence rates of hospitalization, ICU
admission, and death than women.

In terms of SEP quintiles (Figure 2B), the cumulative
incidence of testing progressively increased from Q1 to Q5.
For the cumulative incidence of positive tests, the three lowest
SEP quintiles (Q1–Q3) showed similar rates, with lower rates
observed in the two highest quintiles (Q4–Q5). A consistent trend
was observed, with women having higher cumulative incidence of
both tests and positive tests across all quintiles, except in
Q5 where the positivity incidence was comparable between
women and men. For death notifications, men’s cumulative
mortality rate appeared to decrease from Q1 to Q5, whereas
for women, the mortality rate was lowest in Q1 and Q4. Men
displayed higher mortality rates across all SEP quintiles,
except in Q2.

Regression analyses demonstrated distinct testing patterns
between women and men across age groups. Notably, women
aged 20–29 (IRR 1.14, CI 1.07–1.22) and 30–39 (IRR 1.16, CI
1.09–1.24) displayed a significantly higher likelihood ofT
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undergoing testing compared to men in the same age groups
(Figure 3, left panel). Conversely, girls under 10 (IRR 0.91, CI
0.85–0.97) and women aged 60–69 (IRR 0.92, CI 0.86–0.98) and
70–79 (IRR 0.85, CI 0.80–0.91) were less likely to get tested
compared to their male counterparts. For incidence of positive
tests per population, similar gender/sex trends were observed
across age groups (Figure 3, center panel). However, these
differences were no longer significant when adjusting for the
initial gender/sex differences in testing, as indicated by the
regression results of positive tests per test (Figure 3, right
panel). An exception was observed among individuals aged
60 and older, where women were less likely to test positive per
test compared to men. Specifically, women had an IRR of 0.92 in
the 60–69 age group (CI 0.86–0.98), 0.89 in the 70–79 age group
(CI 0.82–0.95), and 0.83 among those aged 80 and older (CI
0.86–1.00), indicating a lower likelihood of a positive result when
tested. Moreover, when comparing women and men in similar
SEP quintiles (Figure 3, red coefficients), no statistically

significant differences in testing and positive testing rates were
found, except for women in Q3 who presented a slightly reduced
probability of testing positive per test compared to their male
counterparts.

In regression models without an interaction term for gender/
sex categories (Supplementary Table S6), individuals in
Q5 were notably more likely to undergo testing (IRR 1.25, CI
1.19–1.30) compared to those in Q1. Conversely, individuals in
Q5 showed a decreased likelihood of testing positive per person
(IRR 0.89, CI 0.85–0.95) and testing positive per test (IRR 0.71,
CI 0.68–0.74).

Age was the strongest predictor for hospitalisations, ICU
admissions and deaths, increasing age being associated with
higher likelihoods of these events, as shown by the regression
analysis in models without an interaction term by gender/sex
(Supplementary Table S6). Analyzing the interaction of gender/
sex with age (Figure 4A), women exhibited lower probabilities of
COVID-19 hospitalization than men across all age cohorts,

FIGURE 1 | Weekly incidence of COVID-19 outcomes per 100,000, stratified by gender/sex (Canton of Vaud surveillance data 2020–2021, Switzerland). Notes:
The boundaries of epidemic periods were defined by identifying the points of lowest positive test counts that occurred between peaks of highest positive test counts.
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although the differences were not statistically significant. The IRR
for women up to 59 was 0.80 (CI 0.52–1.22), 0.49 (CI 0.18–1.36)
for those 60–69, 0.50 (CI 0.18–1.38) for the 70–79 age group, and
0.58 (CI 0.21–1.61) for those 80 and above. Statistical significance
was achieved for ICU admissions in the under-60 cohort, where
women had a 55% decreased risk (IRR 0.45, CI 0.23–0.86).
Women consistently showed a lower risk of ICU admissions
compared to men when hospitalized (Figure 4B). Women under
60 presented an IRR of 0.59 (CI 0.44–0.78), denoting a 41% lower
risk. In the 60–69 age group, the IRR was 0.71 (CI 0.49–1.01),
with the risk reduction becoming more pronounced with
advancing age. Women aged 70–79 had an IRR of 0.62 (CI
0.43–0.88), while those aged 80 and over had an IRR of 0.56
(CI 0.37–0.85), mirroring the risk reduction observed in the
youngest age group.

Regarding mortality, individuals in Q5 had a lower
likelihood of death (IRR 0.71, CI 0.54–0.95) compared to
those in Q1, as indicated by the regression models without
a gender/sex interaction term (Supplementary Table S6).
This association between SEP and death persisted in the
sensitivity analysis that included nursing home residents
and remained robust when extended to include non-
precisely geocoded death notifications (Supplementary
Material S7). Lower mortality rates among women were
noted across all age groups (Figure 5). Women
demonstrated a reduced mortality risk compared to men of
55% at ages 60–69 (IRR 0.45, CI 0.23–0.88), 58% at ages 70–79
(IRR 0.42, CI 0.30–0.59), and 45% for those aged 80 and above
(IRR 0.55, CI 0.46–0.66). Regarding SEP, the gender/sex
disparities in mortality were more pronounced in Q1, with

FIGURE 2 | Cumulative incidence of outcomes between 2nd March 2020 and 27 June 2021* per 100,000, stratified by gender/sex, across age groups and
quintiles of socio-economic position (Canton of Vaud surveillance data 2020–2021, Switzerland). Notes: (A) indicates the cumulative incidences of outcomes stratified by
gender/sex across age groups, while (B) displays incidences across quintiles of socioeconomic position (SEP). The SEP indicator was not derived for hospitalization and
ICU admissions, as only the ZIP code was available for these outcomes. For visual clarity, the highest incidence point within each category have been brought to the
foreground. *The period considered covered 57 weeks for total tests, and 69 weeks for the other outcomes of interest.
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women having a 68% reduction in mortality risk (IRR 0.32, CI
0.20–0.52); and these disparities were not statistically
significant in Q2 and Q5. Exploring the combined effects of
gender/sex, age, and SEP on mortality among older groups
(70–79 and 80+), a triple interaction term was employed
(Supplementary Figure S8). Our findings indicate a
reduction in gender/sex mortality disparities with
increasing SEP, as the IRR tends toward unity from the
lowest to highest quintiles.

DISCUSSION

In the resident population of the Canton of Vaud, Switzerland,
women contributed to a higher number of COVID-19 tests and
positive tests than men, whereas more hospitalizations, ICU
admissions, and deaths occurred among men. This finding
underscores a pronounced gender/sex disparity in the

pandemic’s health impact, highlighting the need to explore
underlying causes, such as potential biological differences,
gender-specific behavioral patterns, and occupational exposures.

Individuals residing in the highest SEP neighborhoods
underwent more COVID-19 testing than those in the lowest
SEP areas, accompanied by a lower likelihood of testing positive
and a reduced risk of mortality. These observations suggest
significant socio-economic influences on health-related
behaviors and resource accessibility and utilization. Notably,
our intersectional analysis revealed that these disparities in
testing and positivity rates are consistent across women and
men within similar SEP quintiles. Moreover, the gender/sex
disparities in mortality across SEP quintiles highlight the
intricate interplay between socioeconomic factors and gender/
sex, reinforcing the value of an intersectional approach in
uncovering nuanced aspects of COVID-19 epidemiology.

Moreover, age-related variations in SARS-CoV-2 testing rates
between women and men were evident in our data. Women aged

FIGURE 3 | Incidence rate ratios (IRR) of gender/sex (ref.: men) for number of tests and of positive tests, stratified by age groups (upper part), and quintiles of socio-
economic position (SEP, lower part), using general population (left and center panel) and total number of tests (right panel) as denominator (Canton of Vaud surveillance
data 2020–2021, Switzerland).
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20–29 and 30–39 had higher testing rates than men in
corresponding age groups, whereas this trend reversed in the
younger (<20) and older age groups (60–69 and 70–79), echoing
trends observed in other European countries [48]. These
variations illustrate a complex relationship between age, gender/
sex, and health-seeking behavior, calling for further investigations.

Age is a key factor in understanding COVID-19 gender/sex
disparities. The influence of gender norms on health outcomes
varies across the life course [19, 28, 31], and the disparities in
testing rates between men and women across different age
groups likely reflect the evolving societal roles and
responsibilities [49]. In the 20 to 40 age range, where gender
differences in testing were most pronounced, marked
distinctions in family and employment domains are generally
observed. Women are more likely to work in essential service
sectors involving close contacts and limited telecommuting
options, such as in service and healthcare jobs [49–52],
which may account for their higher testing rates. Yet, this
potential increased exposure did not translate into higher
positivity rates when accounting for initial differences in
testing, possibly attributable to greater adherence to health
recommendations and protective measures among women
compared to men [23, 26, 29, 51, 53]. Additionally, women
in this age group often bear a disproportionate burden of unpaid
care responsibilities, likely influencing their decisions regarding
COVID-19 testing [29, 54]. The observed higher testing rates in
men aged 60 and above may be attributed to the preferential
ascertainment of severe cases [55]. Individuals who are

perceived as more likely to suffer from severe forms of
infection–such as men, due to early reports of higher
mortality rates–, are therefore tested more frequently.
Although the ratios of positive tests were generally similar,
women aged 60 and above were significantly less likely to
test positive per test conducted compared to their male
counterparts, highlighting possible differences in exposure.

Our study corroborates the well-established correlation
between age and severe COVID-19 outcomes, with older age
associated with an increased risk of hospitalization, ICU
admissions, and mortality. Additionally, our data confirm that
men face a higher risk of severe outcomes compared to women,
aligning with previous research [56–58]. Notably, women under
the age of 60 and those aged 70 and above had a reduced risk of
ICU admissions when hospitalized, suggesting possible variations
in immune system responses, prevalence of comorbidities,
health-seeking behaviors, or differences in treatment
approaches between women and men.

Our findings are consistent with existing literature on the link
between SEP and COVID-19 outcomes [1–5], highlighting the
increased vulnerability of individuals residing in low SEP
neighborhoods. This vulnerability stems from a combination
of factors, including limited access to healthcare, higher
exposure risks due to living and working conditions,
occupational hazards, and lifestyle habits, coupled with higher
comorbidities rates [59]. Previous studies show that those in
lower SEP areas experienced lower testing rates–particularly
pronounced in the pandemic’s early stages–and faced elevated

FIGURE 4 | Incidence rate ratios (IRR) of gender/sex (ref.: men) for hospitalization (upper panel) and ICU admission (lower panel) stratified by age groups, using
general population as offset (A), and ICU admission per hospitalisations (B) (Canton of Vaud surveillance data 2020–2021, Switzerland).
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rates of case incidence, hospitalizations, and mortality, a trend
reported globally [1–5, 9, 60–62].

As extensively documented in the literature and corroborated
by our findings, men experienced higher mortality rates related to
COVID-19 compared to women [12, 13, 15–17, 23, 29, 63]. Our
results outlined gender/sex disparities in mortality across SEP
quintiles, particularly marked in the lowest SEP neighborhoods.
This suggests that men from socioeconomically deprived
backgrounds may encounter cumulative disadvantages that
amplify their health vulnerabilities throughout their lives [64].
Biological sex-related factors are thought to play a significant role
in men’s increased vulnerability to COVID-19, possibly mediated
through hormonal and immune response [29, 52]. Mortality is also
influenced by gendered practices and societal norms such as
expressions of masculinity, which intersect with various social
determinants of health [52]. These include working in
hazardous industries, engaging in risky health behaviors, and
maintaining lifestyles that lead to higher prevalence of chronic
diseases [26, 28, 29, 65, 66], which are more common in
socioeconomically disadvantaged populations [60]. Beyond age,
pre-existing medical conditions such as obesity, diabetes, or
chronic respiratory and cardiovascular diseases have been
described as major contributors to COVID-19 severity [67].
Comparatively riskier health behaviors among men, such as
smoking, excessive alcohol consumption, and unhealthy diets,
combined with societal norms that valorize toughness and
discourage timely medical care, are thought to contribute to
their health vulnerabilities [16, 19, 26]. Our findings contribute

to the growing body of intersectional studies on COVID-19
epidemiology, predominantly concentrated in the US and often
emphasize ethnic/racial disparities alongside gender or sex.
Notably, research within this domain showed that Black women
experienced higher mortality rates than White men, while Black
men had the highest mortality rates [68]. Another study exploring
the combined effects of gender, SEP, and race/ethnicity revealed
that, compared to high SEP White women, low SEP White men
experienced a mortality rate 7.4 times higher, and 1.5 times higher
compared to women in low SEP. Meanwhile, low SEP Hispanic
men faced the most significant disparity, with mortality rates
27 times higher than those of high SEP White women [69].

Our study’s strengths include the use of a neighborhood-based
SEP indicator to capture potential individual and local-level
effects on outcomes, and the minimization of selection bias by
using comprehensive surveillance data for the entire Canton of
Vaud population. Although Vaud was heavily impacted during
the early stages of the pandemic, its diverse rural and urban
population profiles provide valuable insights that may reflect
broader trends in Switzerland, despite some regional variations.
However, our analysis is limited by the absence of data on key
individual-level factors such as migration background status
and ethnicity. Incorporating these factors could greatly enrich
our understanding, especially given that approximately one-third
of Vaud’s population in 2020 held non-Swiss nationality [41],
and ethnic minorities faced higher exposure and vulnerability to
COVID-19 [62, 68, 70]. Furthermore, disentangling the sources
of disparities between gender and sex is methodologically

FIGURE 5 | Incidence rate ratios (IRR) of gender/sex (ref.: men) for death, by age groups (blue coefficients), and quintiles of socio-economic position (SEP, red
coefficients), using general population as offset (Canton of Vaud surveillance data 2020–2021, Switzerland).
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challengingwhen using administrative sex to investigatewomen’s and
men’s health outcomes. Nevertheless, our intersectional approach
facilitated the development of hypotheses about gendered
mechanisms, which extend beyond the traditional biological
interpretations common in biomedical research. Another
limitation concerns hospitalization and ICU admission data, which
may be subject to underreporting due to challenges associated with
identifying primary causes of hospitalization, especially among older
adults with comorbidities [71]. Moreover, deaths occurring outside
clinical settings frequently remain untested, complicating their
classification as COVID-19 related [71, 72]. Additionally, relying
on residence location for the Swiss-SEP indicator may not accurately
reflect an individual’s lifelong SEP, and using a neighborhood-level
indicator may also introduce inaccuracies when representing
individual-level characteristics. These are common challenges
associated with area-based indicators [73].

Conclusion
Our study within the Canton of Vaud highlighted the significant
interplay of gender/sex, age, and SEP in shaping the epidemiology
COVID-19. The intersectional analyses have revealed nuanced
disparities, notably the increased risk of mortality in men,
particularly those from lower SEP neighborhoods. While no
substantial gender/sex differences in testing outcomes were
observed across SEP quintiles, important age-related variation
emerged, with young adult women experiencing higher testing
rates. These findings underscore the importance of adopting
intersectional approaches in both epidemiological research and
public health strategy development. Such approaches are necessary
for developing more effective and equitable health responses.
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Gender/Sex Disparities in the COVID-19 Cascade from Testing to Mortality: An Intersectional 
Analysis of Swiss Surveillance Data 

Supplementary Table 1: Case definitions and notification process of outcomes, cantonal surveillance 
data of canton of Vaud, 2020-2021, Switzerland 

Outcome Case definition  

Total tests  Tests reported to the Federal Office of Public Health (FOPH) as per FOPH’s declaration 
criteria, as defined in the Ordinance of the Federal Department of Inner Affairs on 
declarations of observations related to transmissible diseases in humans (Ordonnance 
sur la déclaration d’observations en rapport avec les maladies transmissibles de 
l’homme 818.101.126) and attributed to the canton of Vaud. 

Positive tests  Laboratory-confirmed tests (positive RT-PCR test or rapid antigen test) among total 
tests notified to the FOPH. 

Hospitalisations 
and Intensive Care 
Unit (ICU) 
admissions   

Direct reporting from hospitals and clinics to the Office du Médecin Cantonal (OMC) 
through the EPICOVID cantonal surveillance system. Included records cover hospital 
stays in a healthcare facility of the canton of Vaud or in an intercantonal facility. Up to 
April 15th, 2020, any stay of a patient with a positive SARS-CoV-2 RT-PCR test was 
included. From April 15th, 2020, inclusion criteria were refined to any stay of a patient 
with at least one positive RT-PCR test for SARS-CoV-2 and a viral load > 1000 copies 
during the hospital stay. Admission dates correspond to the entire stay, independent 
of the date of the viral load test or end of isolation. Each new stay is re-analyzed and 
included according to these definitions. 

Excluded records:  
- Hospital stays below 24hrs  
- Stays in Centre de Traitement et Réadaptation (CTR) or in mental health facility  
- For patients admitted to the Centre Hospitalier Universitaire Vaudois (CHUV – 

Lausanne University Hospital), those who opted out of the use of their data 
for research purposes via the “consentement general” were excluded (N=510) 

Note: Inclusion criteria vary based on the possibility of automated data extraction from 
hospitals. Criteria presented above correspond to those of CHUV. For other hospitals, 
inclusion criteria align with mandatory reporting criteria formulated by the Swiss 
Federal Office of Public Health (OFSP) as follows (as of 18.05.2020): 

Patient hospitalized for more than 24 hours who presents: 
• Clinical criteria compatible with COVID-19 and a positive SARS-CoV-2 PCR test, 

or 
• Clinical criteria and CT-Scan imaging compatible with COVID-19 and a negative 

SARS-CoV-2 PCR test without any other known aetiology, or 
• Clinical and epidemiological criteria and a negative SARS-CoV-2 test without 

any other known aetiology. 

Deaths  Deaths among probable or confirmed COVID-19 cases reported to the cantonal 
authorities.  

Supplementary Section 2: Geocoding procedures and socio-economic position (SEP) attribution 

Residential addresses were geocoded using publicly available data of the Federal Register of Buildings 
and Dwellings (under ORegBL ; RS 431.841) obtained from the Federal Office of Statistics (1). This 
register contains all residential addresses of Switzerland, at the cantonal level, with corresponding 
geographic coordinates based on the Swiss LV95 reference system. The process of geocoding and SEP 
attribution is detailed in figure 2B, next page. Geocoding was performed using both perfect and fuzzy 
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matching methods. Fuzzy matching involves comparing and matching text strings based on their 
similarity, taking into account variations in word order, spelling, and other factors. The fuzzyjoin 
package in R (2) was used, and distance between sequences of addresses calculated with the Jaro-
Winkler similarity method, which provides a score between 0 (perfect similarity) and 1 (total 
dissimilarity). To derive the socio-economic position (SEP) score, ranging from 0 to 100, the residential 
coordinates in the notifications were matched with the nearest SEP neighborhood using the SF package 
of R (3).  

The spatial distribution of the Swiss-SEP index within the Vaud population was estimated to define the 
SEP cut-off quintiles and to establish the population dataset employed as the denominator for our 
analyses. This estimation employed Statpop hectometric population data aggregated by age groups (5 
years age-range) and sex/gender categories (women, men) (4). All geographic information system 
processes were performed using the software QGIS (5). 

To determine the distribution of SEP within the canton of Vaud's population, hectare-level aggregated 
data was utilized. For each hectare (depicted as purple squares in the illustration below), SEP values 
were retrieved or calculated – using the mean of SEP values when multiple SEP neighborhoods fell 
within a hectare – depicted as yellow dots in Figure 2A. These SEP values were then attributed to the 
respective population residing within each hectare. SEP values of the population were categorized into 
five groups using quintiles as cut-offs, ranging from one (lowest) to five (highest). These quintile cut-
offs were then used to classify SEP scores of data notifications and assign them to the corresponding 
quintiles.  

Supplementary Figure 2A: Illustration of hectometric population data (purple squares) and SEP 
neighborhoods (yellow dots, among the 115’596 SEP neighborhoods in Vaud) on QGIS 
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Supplementary Figure 2B: Flow chart of geocoding procedure of the residential addresses of notifications  

 

 

 

Aggregated notifications: 
N=1'048'613

•Exclusion:
•1. problematic date 
(<23.05.2020 fot total tests 
and >30.06.2021 for all 
notifications) N=11'700

•2. residence outside canton 
of Vaud (defined from 
variable "canton" or ZIP 
code of original datasets) 
N=26'857

•Unexploitable adresses (e.g. 
"unkown adress" in ZIP code 
field) or notifications with 
missing all geographic 
(N=5'097) information (cf. 
flow chart) (Total N=6'055) 

Initial dataset for 
geocoding: N=998'904

•Subsets:
•1. Duplicated address: 
N=728'164

•2. Only ZIP code 
and/or Commune 
information: N=37'501

•3. Original adresses:           
N= 233'239

Original adresses: N= 233'239

•Geocoding procedure*
•1. Perfect matching: N=80'008
•2. Fuzzy Matching: N=153'231

•Fuzzy matching process:
•1.Clean strings adresses and 
commune

•2. Identification of duplicates
•3. Identification of only ZIP code 
and/or Commune information valid
•I. Creation of indicator if 
institution (e.g. "EMS les 
hirondelles")

•4. Exclusion of incoherent or 
adresses outside Vaud/Switzerland

•fuzzy based on street name and 
number + commune or +ZIP code

•process conducted three times in 
total (until all adresses add a 
match)

Matching
Duplicated adresses: 
N=+728'164

•1. Agregation of all 
subsets of duplicates 

•2. find correspondant 
geolocation by 
matching adress 
between duplicates 
and fuzzy matched 
adresses

•Note: The API 
Swisstopo service was 
used for missing 
information on 
geolocation in the 
originial REGBL file, 
and a last  fuzzy 
matching procedure 
was performed for 
missmatched number 
of address
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Finally, to establish the necessary dataset for denominator population, we analyzed the distribution of 
SEP quintiles across age and sex/gender categories within the hectare-level aggregated data and then 
applied this distribution to the Vaud population dataset, which was disaggregated by age groups and 
sex categories. This data was obtained from the Statistique Vaud (6), specifically the “Permanent 
resident population by exact age, gender, and origin, Vaud” dataset , as of December 31st, 2020. This 
dataset, derived from cantonal registers of population, is notably more precise than the GEOSTAT 
Statpop data. However, in this latter dataset, the cantonal boundaries do not align with the 
hectometric grid, and the adjustment of population size by proportional coverage within the cantonal 
boundaries is less than ideal. Additionally, for confidentiality reasons, the GEOSTAT dataset employs a 
uniform censoring approach for population subgroups with fewer than three individuals, assigning 
them a standardized value of three. While this practice aims to protect anonymity, it also leads to 
overestimations in population size. 

Supplementary Section 3: the Swiss socio-economic position (Swiss-SEP)  

The Swiss-SEP is an area-based socio-economic position index centered on residential buildings, 
encompassing overlapping boundaries. The Swiss-SEP considers neighborhood information based on 
an average of 50 households (7) and is widely used in social and health research to investigate the 
associations between social and economic position and health outcomes, as seen in recent studies (8-
10). The Swiss-SEP is constructed using principal component analysis, deriving information from the 
2000 population census on four indicators as proxies for SEP: median rent per square meter (income 
proxy), proportion of households led by individuals with a primary education or less (education proxy), 
proportion of households with individuals in manual or unskilled jobs (occupation proxy), and the 
average number of persons per room (crowding proxy). The index scores range from 0 to 100, with 
higher values indicating higher SEP.The Swiss-SEP scores range from 1 to 100, with higher scores 
indicating a higher SEP. In our study, we utilized the latest updated hybrid version, Swiss-SEP 3 (11), 
which incorporates information from the 2012 to 2015 annual micro-censuses and updated values for 
neighborhood centered on buildings constructed after 2000.  

Within the geographical boundaries of Vaud, we identified a total of 115’596 SEP neighborhoods. We 
then matched the residential coordinates of each notification with the nearest SEP neighborhood. SEP 
index scores were subsequently aggregated into five categories using quintiles as cutoff points, ranging 
from one (lowest) to five (highest). In cases involving non-residential addresses, such as those 
corresponding to schools or nursing homes, as well as incomplete addresses, we used the mean SEP 
of the respective ZIP code area as a proxy for SEP. However, it's noteworthy that notifications related 
to hospitalization stays and ICU admissions lacked SEP attribution, as these notifications only contained 
ZIP code information. The reliance on mean SEP from ZIP code areas significantly influenced the 
distribution within quintiles, leading to a skewed categorization in the lowest and highest quintiles. 
Therefore, SEP information for hospitalizations and ICU admission outcomes was excluded from our 
analyses. Given that a significant proportion of death notifications could not be accurately geocoded, 
analyses using SEP quintiles were likewise restricted to geocoded notifications. 
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Supplementary Table 4: Geocoding status of notifications, by COVID-19 outcome  
 

Tests 
N (%) 

N= 885’925 

Positive tests  
N (%) 

N=96’963 

Hospitalisations 
N (%) 

N=6’356 

ICU admissions 
N (%) 

N=1’134 

Deaths 
N (%) 

N=1’175 

Geocoded 834’912 (94.2%) 89’183 (91.9%) 0 (0%) 0 (0%) 713 (60.7%) 

Incomplete address 51’013 (4.6%) 7’780 (6.9%) 6’359 (100%) 1’134 (100%) 462 (21.6%) 

Non-residential location 10’779 (1.2%) 1’157 (1.2%) NA NA 207 (17.7%) 

 

For both total tests and positive tests, approximately 4.6% and 8%, respectively, could not be geocoded 
and were therefore attributed to the mean socioeconomic position (SEP) of the respective ZIP code 
area. Moreover, approximately 1.2% of these notifications corresponded to non-residential addresses 
(i.e., institutions), receiving a similar SEP attribution based on the ZIP code area. 

Regarding deaths, 60.7% of notifications included a complete residential address and were successfully 
geocoded. Women had a higher proportion of geocodes corresponding to institutional locations (22%), 
predominantly nursing homes, compared to men (14%). 
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Supplementary Figure 5: Flow chart of included notifications 
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Supplementary Table 6: Incidence rate ratios of total tests, positive tests, hospitalisations, ICU admissions and deaths, negative binomial regression models 
without interaction terms  

Note: SEP= Socioeconomic position; NA= Not Applicable; p-value levels: *p<0.05; **p<0.01; ***p<0.001 
Regression models: glm.nb(n_outcome~SEX+AGE+SEP+offset(log(population))

 
Outcomes  

Total tests per  
population 

Positive tests per 
population 

Positive tests per test Hospitalisations 
per  population 

ICU admissions 
per  population 

Deaths per  population 
 

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) 
(ref. Men) 
Women  1.010    

(0.98-1.041) 
0.989    

(0.953-1.026) 
0.970*   

(0.945-0.996) 
0.692* 

(0.488-0.981) 
0.399*** 

(0.235-0.678) 
0.510***  

(0.427-0.608) 
(ref. Age 50-59) 
Age 0-9  0.250***(0.235-0.267) 0.110***(0.101-0.121) 0.439***(0.408-0.473)    
Age 10-19 0.977   (0.917-1.041) 0.776***(0.719-0.837) 0.796***(0.755-0.838)   

 

Age 20-29 1.438***(1.349-1.532) 1.185***(1.1-1.277) 0.823***(0.783-0.866)   
 

Age 30-39 1.410***(1.323-1.502) 1.059   (0.983-1.141) 0.752***(0.714-0.791)   
 

Age 40-49 1.131***(1.061-1.205) 1.010   (0.937-1.088) 0.893***(0.848-0.939) (ref. Age 0-59) (ref. Age 0-59) (ref. Age 0-59) 
Age 60-69 0.881***(0.827-0.939) 0.861***(0.798-0.929) 0.976   (0.925-1.028) 4.833*** 

(2.855-8.786) 
8.589*** 

(3.999-21.478) 
29.818*** 

(15.785-61.282) 
Age 70-79 0.755***(0.709-0.805) 0.764***(0.707-0.825) 1.007   (0.954-1.064) 8.103*** 

(4.791-14.72) 
11.594*** 

(5.4-28.986) 
154.327***  

(87.466-303.293) 
Age 80+ 1.111** (1.042-1.185) 1.318***(1.22-1.424) 1.185***(1.122-1.251) 18.377*** 

(10.883-33.345) 
9.612*** 

(4.439-24.171) 
843.06*** 

(485.617-1638.875) 
(ref. Q1) - lowest 
2nd SEP quintile  1.093*** 

(1.042-1.147) 
1.033 

(0.975-1.095) 
0.942** 

(0.904-0.981) NA NA 0.954    
(0.725-1.254) 

3rd SEP quintile 1.166*** 
(1.111-1.223) 

1.057 
(0.998-1.121) 

0.904*** 
(0.868-0.942) NA NA 0.982    

(0.749-1.289) 
4th SEP quintile 1.241*** 

(1.183-1.301) 
0.970 

(0.915-1.029) 
0.775*** 

(0.744-0.808) NA NA 0.816    
(0.617-1.08) 

5th SEP quintile - 
highest 

1.247*** 
(1.189-1.308) 

0.897*** 
(0.846-0.951) 

0.712*** 
(0.683-0.742) NA NA 0.714*   

(0.539-0.946) 



Supplementary Material | Gender/Sex Disparities in the COVID-19 Cascade from Testing to Mortality: 
An Intersectional Analysis of Swiss Surveillance Data 

  8 

Supplementary Table 7: Sensitivity analysis - incidence rate ratios of death notifications using the 
general population as denominator, employing negative binomial regression models without 
interaction terms 

As a significant proportion of death notifications could not be accurately geocoded due to incomplete 
addresses, which either contained only ZIP code information or corresponded to institutional 
locations, we conducted a sensitivity analysis by including notifications with imprecise SEP attribution 
and relying on the mean SEP of the ZIP code area. 

Note: Death notifications excluding those with incomplete residential addresses (column 1); Excluding 
institution-related addresses (column 2); Total death notifications (column 3); p-value levels: 
*p<0.05; **p<0.01; ***p<0.001 

Excluding notifications with less precise SEP attribution had an impact on the regression results. When 
all notifications were included (column 3), our analysis suggested that individuals in the second and 
third quintiles had higher mortality rates compared to individual living in the lowest SEP areas. We 
currently lack a definitive explanation for these findings. Conversely, when restricting the analysis to 
notifications that could be accurately geocoded (column 1), with more precise SEP attribution, these 
associations became statistically non-significant. Hence, we opted to focus our analysis on death 
notifications with geocoded residential addresses for accurate SEP attribution. 

However, the association between sex/gender and death in the highest quintile remained consistent 
across all analyses. Individuals in the highest SEP quintile were significantly less likely to die compared 
to those in the lowest quintile. 

 

 (1) (2) (3)  
Geocoded death 
notifications, per  

population 
( N=713) 

Death notifications 
outside institutions, per 

population 
(N=968) 

All deaths notifications, 
per  population 

(N=1175) 

Variables IRR (95% CI) IRR (95% CI) IRR (95% CI) 
(ref. Men) 

Women  0.51***  
(0.427-0.608) 

0.514***  
(0.439-0.601) 

0.569*** 
(0.499-0.648) 

(ref. Age 50-59) 
Age 60-69 29.818*** 

(15.785-61.282) 
26.49*** 

(15.65-47.215) 
25.813*** 

(15.664-44.534) 
Age 70-79 154.327***  

(87.466-303.293) 
124.924*** 

(78.104-213.853) 
129.063*** 

(82.797-213.874) 
Age 80+ 843.06*** 

(485.617-1638.875) 
754.753*** 

(479.575-1276.94) 
824.332*** 

(536.944-1350.711) 
(ref. Q1) 

2nd SEP quintile  0.954   (0.725-1.254) 1.298*  (1.02-1.656) 1.426** (1.153-1.766) 
3rd SEP quintile 0.982   (0.749-1.289) 1.218   (0.955-1.557) 1.643*** (1.335-2.027) 
4th SEP quintile 0.816   (0.617-1.08) 0.93   (0.721-1.2) 1.061    (0.849-1.327) 
5th SEP quintile - 
highest 

0.714*  (0.539-0.946) 0.711*  (0.547-0.925) 0.762*  (0.603-0.962) 
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Supplementary Figure 8: Incidence rate ratios of death notifications, stratified for age groups 70-79 
and 80+, using Poisson regression models 

Notes: This figure illustrates incidence rate ratios of administrative sex (ref.: men) for deaths, stratified by 
quintiles of socio-economic position (SEP), for age groups 80+ (upper part), and 70-79 (lower part). Results for 
age groups 0-59 and 60-69 are not presented due to the absence of significant differences, attributed to a small 
number of events in these categories. Estimation was obtained using a Poisson regression model as no 
overdispersion was found in this triple interaction model. 

The relationships between sex/gender, age, and SEP were investigated using a triple interaction term 
across these covariates. Findings revealed that, globally, for both age groups 70-79 and 80+, the 
sex/gender gap in mortality decreased with increasing SEP.   
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Supplementary Figure 9: Sensitivity analysis - incidence rate ratios of death notifications using the 
general population as denominator, employing negative binomial regression models with 
interaction terms 

Figure S9 –  Incidence rate ratios of administrative sex (ref.: men) for geocoded death notifications (column 1), 
notifications of death including institutional location (column 2) and all death notifications (column 3), 
stratified by age groups (upper part), and quintiles of socio-economic position (SEP, lower part), using general 
population as denominator, Canton of Vaud surveillance data 2020-2021, Switzerland 

Notes: Geocoded death notifications (column 1), N=713 N; including institution-related addresses (column 2), 
N=968; including incomplete addresses without accurate retrievable SEP (column 3), =1175. 

Coefficients of negative binomial models using interaction term between sex/gender and age and/or 
SEP quintiles reported in forest plots were estimated using the contrast function of the emmeans, for 
estimated marginal means, package in R (12). This function facilitates the pairwise comparisons by 
treating each category of age and SEP as the reference category, comparing women to men. 
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