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Abstract

Introduction Since the first reports of COVID-19 cases, sex-discrepancies have been reported in COVID-19 mortality. We
provide a detailed description of these sex differences in relation to age and comorbidities among notified cases as well as
in relation to age and sex-specific mortality in the general Dutch population.

Methods Data on COVID-19 cases and mortality until May 31st 2020 was extracted from the national surveillance database
with exclusion of healthcare workers. Association between sex and case fatality was analyzed with multivariable logistic
regression. Subsequently, male—female ratio in standardized mortality ratios and population mortality rates relative to all-
cause and infectious disease-specific mortality were computed stratified by age.

Results Male—female odds ratio for case fatality was 1.33 [95% CI 1.26-1.41] and among hospitalized cases 1.27 [95% CI
1.16-1.40]. This remained significant after adjustment for age and comorbidities. The male—female ratio of the standard-
ized mortality ratio was 1.70 [95%CI 1.62—1.78]. The population mortality rate for COVID-19 was 35.1 per 100.000, with
a male—female rate ratio of 1.25 (95% CI 1.18-1.31) which was higher than in all-cause population mortality and infectious
disease mortality.

Conclusion Our study confirms male sex is a predisposing factor for severe outcomes of COVID-19, independent of age
and comorbidities. In addition to general male—female-differences, COVID-19 specific mechanisms likely contribute to this

mortality discrepancy.
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Introduction

Since the start of the pandemic in December 2019, COVID-
19 has spread to most countries in the world, resulting in
over 83 million cases and more than 1.8 million deaths by
January 2021 [1]. The most important risk factor for dying
from COVID-19 seems to be older age [2]. Furthermore,
certain comorbidities, mainly obesity, cardiovascular dis-
ease, hypertension and diabetes, have been associated
with severe disease outcome [2—7]. Already since the first
reports of COVID-19 cases in China, a discrepancy has
been reported between males and females in COVID-19
severity and mortality to the detriment of male sex [8, 9].
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This difference between males and females has also been
described previously in the SARS and MERS epidemics [10,
11]. An analysis of sex-disaggregated data of COVID-19
mortality in 84 countries shows higher case fatality ratios
(CFR) in men in the vast majority of the countries, with the
Netherlands having one of the highest male:female ratio of
CFRs during the first wave of the COVID-19 pandemic [12].

A number of hypotheses have been proposed regard-
ing the underlying mechanisms of these sex differences in
COVID-19 mortality. However, male—female disparities in
mortality in general are already a known phenomenon. The
male—female health-survival paradox describes this phe-
nomenon of a higher life expectancy in females, compared
to males, at the expense of higher morbidity, especially at
older ages [13]. Although differences in COVID-19 mortal-
ity between males and females are striking and have been
reported several times [14—17], only a few reports put this
in perspective of general population mortality [18, 19].
Moreover, little data have been published on the differences
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in comorbidities and age distribution of male and female
COVID-19 patients and the extent to which these factors
influence the risk of dying. Here, we provide a detailed
description of the male—female differences in COVID-19
mortality during the first wave of the COVID-19 pandemic
in the Netherlands, to gain further insight into the contribut-
ing factors. Therefore, we describe male—female differences
in COVID-19 mortality in relation to age and comorbidities
in the notified cases as well as in relation to age- and sex-
specific mortality in the general Dutch population.

Methods
Data collection

Data on COVID-19 cases were extracted from the national
infectious disease mandatory surveillance database. On Jan-
uary 28, COVID-19 was classified as a mandatory notifiable
disease and since then data on patient demographics, comor-
bidities, source and contact monitoring, hospitalization and
possible fatal outcome had to be reported by regional public
health services for every laboratory confirmed COVID-19
case. Nursing home residency was estimated based on age
and postal code. A confirmed COVID-19 case was defined
as a person with a positive PCR result for SARS-CoV-2.
The first case in the Netherlands was reported on February
27th. The initial instructions by the Dutch National Institute
for Public Health and the Environment (RIVM) was to test
hospitalized patients with COVID-19-like symptoms and
symptomatic people with a travel history in risk areas or
contact history with a laboratory confirmed patient. Early
on, this was extended to pneumonia patients in whom no
causative agent could be detected and who did not respond
to treatment. Due to the rapidly increasing incidence of cases
and the scarcity of diagnostic tests, from March 13th testing
policy was restricted to suspected cases above 70 years of
age and persons with a probable chronical illness, health care
workers and patients admitted to the hospital [20]. In clus-
ters of cases, such as in nursing homes, only the first cases
were confirmed by PCR. Over time, test capacity grew and
testing criteria were broadened and since June 1st, all Dutch
citizens can be tested for SARS-CoV-2 in drive-through test-
ing facilities if they have COVID-19-like symptoms.

Study population

All SARS-CoV-2 positive cases registered in the national
infectious diseases electronic notification database until May
31st 2020 were included for analysis. After this date, as a
result of the change in testing policy, data were not compa-
rable to the period before May 31st. Data were last updated
on August 22th 2020, to include additions or corrections
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that could have been made to these notifications afterwards.
Healthcare workers were excluded from the analysis since
they were over-represented in the data due to the testing
policy and are not representative of the sex distribution in
the general population. Also, notifications with missing data
on sex or age were excluded. Due to the large amount of
COVID-19 cases, registration requirements were diminished
and data on comorbidities were no longer available for all
patients after April 10th 2020. Analyses are performed for
the study population in total, for the subgroup of hospital-
ized patients and for a subset of cases registered before April
10th with complete data on comorbidities.

Outcome definition

Whether a notified case had died was reported by the
regional public health services. However, the time that cases
were followed-up after initial notification, to check for dis-
ease outcome, might have differed between regions. Some,
but not all regions updated their notifications with informa-
tion on deaths in the vital registries of municipalities.

Analysis

Differences between males and females for categori-
cal baseline variables were analyzed using the X>-test.
Age was expressed in median (IQR) and analyzed with
the Mann—Whitney U-test. Mortality within all notified
cases (case fatality ratio, CFR) and mortality within hospi-
talized notified cases was stratified by 5 year age-groups and
sex. The association between sex and mortality was assessed
with logistic regression, expressed as an odds ratio (OR)
and adjusted for age and nursing home residency as a proxy
for frailty. For the subset of cases registered before April
10th, comorbidities were added to the model. The model was
also fitted to both sexes separately to indicate differences in
the contribution of comorbidities to mortality. To account
for anticipated sex-related mortality rate differences in the
general population, standardized mortality ratios (SMR)
were calculated using indirect standardization by dividing
the number of deaths in notified cases by the expected num-
ber of deaths in notified cases based on population mortal-
ity in 2019. SMRs were adjusted for age and reported as
a male—female ratio by 5 year age group. 95% confidence
intervals were derived through bootstrapping with 10,000
iterations.

To account for male—female population size differ-
ences, we additionally described the number of deaths per
100,000 inhabitants (population mortality rate), reflecting
the per-capita risk of becoming infected and dying from
infection. Population mortality rates were stratified by
5-year age group and sex. Additionally, male—female mor-
tality rate ratio was calculated for nursing home residents.



Sex differences in COVID-19 mortality in the Netherlands

71

Male—female mortality rate ratios were compared with rate
ratios of all-cause mortality, infectious diseases-specific
mortality (ICD10: A00-B99), mortality by pneumonia
(ICD10: J12-J18) and mortality by influenza (J09-J11) in
the general population over the past 5 years (2015 to 2019).
Population numbers for 2020 and population mortality
numbers for 2019, stratified by age in 5-year intervals, were
obtained from Statistics Netherlands [21]. In addition, the
distribution of the absolute mortality over time was analyzed
and depicted as the moving average over 14 days, stratified
by age and nursing home residency. Data analysis was per-
formed in R (version 4.0.0).

Results
Characteristics of notified cases

By May 31st 2020 46,507 cases of COVID-19 were regis-
tered, of which 16,906 cases concerned health care workers
and were excluded from analyses. Furthermore, 62 cases
with missing data on age or sex were excluded (0.2%), (sup-
plement A). The remaining study population consisted of
29,539 cases of which 49.5% were males. Of these cases,

11,227 were hospitalized of which 62.9% were males. An
overview of the main characteristics of the study popula-
tion is presented in Table 1. The median age of notified
COVID-19 cases was 78 [IQR, 60-87] in females and 71
[IQR, 56-81] in males. Most pronounced was the higher
proportion of notified cases aged over 85 in females com-
pared to males. Age-difference between males and females
was less pronounced in the hospitalized subgroup. The pro-
portion living in an institution (e.g. nursing home) was much
larger in females than in males (37.4 versus 18.8%). Most
frequently reported comorbidities were cardiovascular dis-
ease or hypertension (39.5%), chronic lung disease (18.6%)
and diabetes (17.2%). There were no consistent differences
between males and females in the presence of comorbidities.

Mortality among notified COVID-19 cases

Of all cases notified by May 31st, 6070 died (20.5%). Mor-
tality among notified cases was 22.9% for males and 18.3%
for females (OR of 1.33 [95% CI 1.26-1.41]). Of hospital-
ized cases, 2466 died (22.0%), also with a significant dif-
ference between males (23.5%) and females (19.4%); OR
of 1.27 [95% CI 1.16-1.40]. For both males and females,
the case fatality rate among all cases as well as among

Table 1 Patient characteristics of all notified COVID-19 cases and of hospitalized cases, excluding health care workers, the Netherlands, 28 Feb-

ruary—1 June 2020, n=29539

All cases (N=29,539)

Hospitalised cases (N=11,227)

Male Female P Male Female P

n 14,627 14,912 7057 4170
Age (median [IQR]) 71.00 [56.00, 81.00] 78.00 [60.00, 87.00] <0.001 69.00 [58.00, 77.00] 71.00 [59.00, 79.00] <0.001
Age (%)

0-54 3213 (22.0) 2920 (19.6) <0.001 1271 (18.0) 793 (19.0) <0.001

55-69 3814 (26.1) 2432 (16.3) 2359 (33.4) 1167 (28.0)

70-84 5274 (36.1) 4770 (32.0) 2838 (40.2) 1702 (40.8)

85+ 2326 (15.9) 4790 (32.1) 589 (8.3) 508 (12.2)
Nursing home resident 2745 (18.8) 5582 (37.4) <0.001 214 (3.0) 254 (6.1) <0.001
Hospital admission 7057 (48.2) 4170 (28.0) <0.001 - - -
Comorbidity data available (n)* 7395 5949 4811 2716
Any comorbidity 5530 (74.8) 4696 (78.9) <0.001 3565 (74.1) 2149 (79.4) <0.001
Cardiovascular disease or hyper- 2958 (40.0) 2308 (38.8) 0.163 2013 (41.8) 1026 (37.2) <0.001

tension
Diabetes 1293 (17.5) 1006 (16.9) 0.395 890 (18.5) 504 (18.3) 0.843
Liver disease 63 (0.9) 43 (0.7) 0.461 49 (1.0) 18 (0.7) 0.132
Chronic neuromuscular disease 606 (8.2) 617 (10.4) <0.001 234 (4.9) 144 (5.2) 0.523
Immunodeficiency 90 (1.2) 61 (1.0) 0.338 61 (1.3) 33(1.2) 0.874
Renal impairment 478 (6.5) 428 (7.2) 0.102 293 (6.1) 203 (7.4) 0.035
Chronic lung disease 1335 (18.1) 1145 (19.2) 0.082 914 (19.0) 635 (23.0) <0.001
Malignancy 628 (8.5) 486 (8.2) 0.523 405 (8.4) 252 (9.1) 0.300
Other underlying disease 1099 (14.9) 1103 (18.5) <0.001 677 (14.1) 545 (19.8) <0.001

*® .« g
In some cases more than one comorbidity has been reported
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Fig.1 Male to female ratios of case fatality among all notified a
cases excluding healthcareworkers and among hospitalized b cases
stratified by age group. Ratio calculated by dividing mortality among
notified cases in males by mortality among notified cases in females.
*ages between 0 and 55 have been aggregated due to low numbers

hospitalised cases increased with age (supplement B). For
all age-groups, case fatality was higher among males than
among females, for all notified cases and for hospitalized
cases (Fig. 1). Odds ratios adjusted for differences in age
were higher than the unadjusted odds ratios (Table 2). Sup-
plementing this age-adjusted model with the comorbidities
did not change the odds ratios. We found cardiovascular
disease or hypertension, diabetes, chronic neuromuscular
disease, renal impairment, chronic lung disease and malig-
nancy to be independent risk factors for mortality, also for
both sexes separately (supplement C). Adding nursing home
residency to the model slightly increased the adjusted odds
ratio for case fatality.

The standardized mortality ratio (SMR) among noti-
fied COVID-19 cases was 4.8 in males [95%CI 4.64—4.96]
and 2.8 in females [95%CI 2.71-2.93] with a male—female
ratio of 1.7 [95%CI 1.62-1.78]. Stratified by age, this
male—female difference was only significant above one for
age-groups above 80 years (Fig. 2). Remarkably, the point
estimate of the SMR was highest in the 55-59 year-age
group (1.48 [95% CI 0.97-2.48]) but significantly below
one among 70-74 years old (SMR 0.81 [95%CI 0.70-0.94]).

COVID-19 mortality in the population

The peak in total COVID-19 deaths was much higher for
males than females and was reached towards the end of
March, slightly earlier for males than females. The num-
ber of deaths decreased faster in males than in females and
after April 8th, the daily number of reported deaths was
slightly higher in females (supplement D). The majority of
deaths in females consisted of nursing home residents, a

Table2 Crude and adjusted odds ratios for case fatality comparing males to females among all notified cases and among hospitalized cases

(February 27th—-May 31st)

Cases Unadjusted Adjusted (age) Adjusted (4+comorbidity)  Adjusted (+nursing
home-residency)
OR [95% CI] OR [95% CI] OR [95% CI] OR [95% CI]
All cases
Total 29,539 1.33 [1.26-1.41] 1.83 [1.72-1.95] NA 1.91 [1.79-2.031?
Cases with 13,344 1.30 [1.20-1.42] 1.65 [1.51-1.80] 1.68 [1.53-1.84]! 1.76 [1.60-1.93]
known comor-
bidity status*
Hospitalizations
Total 11,227 1.27 [1.16-1.40] 1.45 [1.31-1.61] NA 1.49 [1.34-1.65)°
Cases with 7567 1.38 [1.23-1.55] 1.50 [1.33-1.70] 1.54 [1.36-1.74]" 1.56 [1.38-1.77]°

known comor-
bidity status*®

Model variants: (1) Sex + Age 4+ Comorbidity; (2) Sex + Age + Nursing home residency; (3) Sex + Age + Comorbidity 4+ nursing home residency

“Subgroup in which data on comorbidities was available. Data on comorbidities was only reported consistently until April 10th
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Fig.3 Male—female population mortality rate ratio of COVID-19
cases

group in which the number of deaths increased more slowly.
The population mortality rate was 35.1 per 100.000, with a
male—female rate ratio of 1.25 [95% CI 1.18-1.31]. Among
nursing-home residents only, the male—female mortality rate

Fig.4 Male—female popula-
tion mortality rate ratio of
COVID-19 cases compared to
the overall population mortality
rate ratio in the Dutch popula-
tion, the pneumonia related
mortality rate (ICD10: J12-J18),
the influenza related mortality
rate (J09-J11), and the mortal-
ity rate related to infectious
diseases in general (ICD10:
A00-B99). General population
mortality specific mortality is
calculated over the past 5 years,
2015-2019 and based on death

male:female rate ratio

ratio was 1.88 [95%CI 1.74-2.02]. When stratified by age,
the absolute number of deaths was higher in males younger
than 90 years than females younger than 90 (supplement
E). Number of deaths in males was highest in the age group
75-80 years (739 deaths) and in females in the age group
85-89 years (663 deaths). Mortality rates increased by age
in both sexes (supplement F). In all age-groups from 55 to
94 years, the population mortality rates were significantly
higher (range 1.53 —3.21) in males than females. In the age-
group 95 + years (with low population numbers) and in the
age-group 0-54 years (with few COVID-19 deaths), the rate
was also higher in males, but not significantly so (Fig. 3).
Between the ages of 55-69 and 75-94 years, male—female
ratios for COVID-19 mortality were significantly higher
than for overall mortality in the general population. Also
compared to mortality due to any infectious disease in gen-
eral, male—female ratio was higher, though this was only
significant between the age of 75 and 89. Male—female dis-
crepancies in COVID-19 mortality were less distinct from
pneumonia mortality and only significant in the age-group
55-59 and 75-79 (Fig. 4, supplement F).

Discussion

We report a higher case fatality in males among COVID-19
notified cases including hospitalized cases which cannot be
explained by differences in age-distribution or the prevalence
of comorbidities. COVID-19 related mortality increased
with increasing age and was higher in males in every age
group. Relative to the expected mortality in the general
population, as reflected by the SMR, the risk of dying was
also higher in male cases, suggesting that mortality differ-
ences have a COVID-19 specific component. However, when
stratified by age, this COVID-19 specific effect could only
be confirmed for cases aged 80 years or older. Strikingly,
for the age-group 70-74 years, the standardized mortality

—-»- COVID-19

Overall population
mortality

- Any infectious disease
-+ Pneumonia
—— Influenza

certificates. Other confidence 0.5
intervals are shown in supple-
ment F

LI T T T T T T T T T
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ratio was higher in females, probably mainly due to the low
mortality relative to males in the general population. In per-
spective of general population numbers, COVID-19 mortal-
ity strongly increased with age for both males and females
and was higher in males among all age-groups. Differences
in COVID-19 population mortality rates were greatest for
the age-group 55-59 years but were lower in the oldest age-
groups. Male—female discrepancies in mortality are not a
unique phenomenon, as has been reported by Nielsen et al.
[22]. We showed that population mortality rates for overall
mortality, mortality due to infectious disease and mortality
due to pneumonia and influenza are also higher in males.
However, male—female ratio was even higher for COVID-19
mortality. The observed male—female difference in mortality
can only partially be attributed to sex-differences observed
in mortality in general, indicating that additional COVID-19
specific factors contribute to these sex-discrepancies.

Hospitalization was found to be more frequent in males.
In addition, the National Intensive Care Evaluation founda-
tion (NICE) reported the vast majority of COVID-19 related
ICU-patients to be males (71.8% vs. 28.2%, n=2876). As
well, in accordance with our findings, these ICU reports on
COVID-19 indicate a higher risk of mortality among males
admitted to the ICU (32.6%) than among females (23.7%)
with an odds ratio of 1.66 [95% CI 1.27-1.89] [23].

Although many countries report sex-disaggregated data
on COVID-19 mortality, only few countries describe these
differences in perspective of their population numbers and
population-level mortality rates and in relation to other fac-
tors including age and comorbidity [18, 19]. Worldwide,
the CFR among confirmed COVID-19 cases is 1.4 times
higher in men [12]. Gebhard et al. reported male—female
CFR-ratios in several European countries and China between
1.7 and 1.8. In our study we found a 1.3 times higher risk of
mortality among male cases during the first 3 months of the
outbreak in the Netherlands. However, with the inclusion of
healthcare workers this ratio increases to 1.8, illustrating the
influence of testing policy and gender-role factors on these
nationwide data.

Population mortality rate ratios are less affected by test-
ing policies than the CFR because deaths are related to
known population size denominators, which are independ-
ent of case notification. However, the number of COVID-
19 deaths in the numerator is still underestimated due to
incomplete testing and incomplete reporting among noti-
fied cases and it is unclear if there is a gender-bias in the
tested and/or unreported cases. Furthermore, mortality
rates do not purely reflect mortality risk but also include
the risk of infection. Age-specific population mortal-
ity rates in the Netherlands show a similar pattern as in
other countries, where an exponential increase with age
with higher mortality rates in males has been reported
[24, 25]. Standardized mortality ratios have not yet been
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reported by other countries. However, sex-discrepancies
in population mortality have been described to be higher
for COVID-19 than for all-cause mortality, confirming a
COVID-19 specific effect on mortality [25].

There are various biological mechanisms described that
could contribute to COVID-19 specific sex differences.
Immune response differs between males and females
in several areas due to, among others, X-chromosomal
dependent and hormonal driven mechanisms [14, 26-28].
The influence of sex-hormones has also been pointed out
as a contributing factor in sex discrepancies observed in
mortality by SARS-CoV-1 and MERS [29]. More specific
for COVID-19, a study comparing differences in SARS-
CoV-2 IgG antibodies found that in severe COVID-19
cases relatively higher IgG antibody levels were observed
in females indicating a better antibody response against
SARS-CoV2 in females [30]. Another interesting find-
ing is the dysfunction in the TRL7 gene located on the
X-chromosome in young severely affected male COVID-
19 patients, resulting in immunological defects in two
types of interferons, crucial in viral immune response
[31]. Besides immunological processes, the involvement
of the ACE-II receptor in cell penetration of SARS-COV-2
has been described as a factor likely contributing to sex
discrepancies in COVID-19 severity because of sex differ-
ences in expression due to the location of this enzyme on
the X-chromosome [14, 32, 33].

Although we excluded healthcare workers, gender-related
factors are likely to influence mortality. Health-seeking
behavior generally tends to be higher in females, which may
lead to earlier initiation of treatment, potentially resulting in
a milder disease course [34]. However, the restricted test-
ing policies during the first wave made this less likely to
be of significant impact. A systematic review on behavio-
ral changes during and after the 2009 influenza pandemic
showed that women were more likely to follow recom-
mended measures such as hygiene regulations [35]. These
gender-related factors remain difficult to quantify and cannot
be fully distinguished from biological factors.

In addition, mortality differences seem to decrease with
increasing age. Though not as evident in our data, this was
reported by several other studies [14, 18, 24, 25]. Public
health England described a twofold higher chance of dying
from COVID-19 in males compared to females of work-
ing population age (aged between 20 and 65 years), while
this risk of death was only 1.5 times higher in older adults
(aged above 65) [19]. A study describing excess mortality
during March 2020 in Lombardy, Italy (a region severely
affected by the COVID-19 pandemic) reported excess
mortality —based on national mortality data during the
COVID-19 outbreak — to be higher in males. This differ-
ence decreased in older age-groups [18]. Though our data
also show a decrease in mortality differences with older
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age, confidence intervals are wide in the younger age-
groups due to low mortality. Furthermore, male—female
differences are noticeably smaller around the age of 70,
with even a higher SMR in females.

The data used for the analysis described here were based
on surveillance of mandatory notifications, which provided
a large dataset, but with suboptimal accuracy, especially dur-
ing the peak of the pandemic in the regions most affected.
Deaths in COVID-19 patients were registered without
uniform criteria on whether death was directly caused by
COVID-19. A major limitation is the underreporting of mor-
tality in residential institutions. Due to testing policies in
nursing homes, initially often only two—three symptomatic
patients were tested per nursing home unit. Given that the
majority of nursing home residents are women, this testing
policy has likely led to underestimation of COVID-19 popu-
lation mortality rate in elderly women. However, the effect
of sex on mortality among notified cases is possibly underes-
timated by the underreporting of cases in nursing homes. As
already mentioned, testing strategies during the first months
of the pandemic undeniably caused selection bias. Excluding
healthcare workers from the analysis reduced this selection
bias, but excluded a larger part of the female population at
risk compared with males because healthcare workers are
more likely to be female [21]. This excluded population is
expected to have a low risk of mortality since it is relatively
healthy and contains only 1795 people with an age above
60 years (7.7% of the total amount of notified cases above
60). When it comes to comorbidities, the multivariable
logistic regression did not account for obesity, while this is
more prevalent in men and has been indicated as a major risk
factor for severe COVID-19 outcomes.

It is evident that sex plays a role in COVID-19 sever-
ity, likely influenced by a combination of sex- and gender-
dependent factors. Though several hypotheses on contribut-
ing biological processes have been proposed, few studies
describe sex differences in relation to age and comorbidities.

Our study confirms male sex is a predisposing factor for
severe outcomes of COVID-19, independent of age and
comorbidities, and that additional to COVID-19 specific
mechanisms likely contribute to this mortality discrepancy.
More knowledge is required regarding the nature of these
underlying mechanisms and how this could inform the pri-
oritization and personalization of treatment for COVID-19
based on sex.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-021-01744-0.
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