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Abstract 
Background: This review aims to investigate the association of sex 
with the risk of multiple COVID-19 health outcomes, ranging from 
infection to death. 
Methods: Pubmed and Embase were searched through September 
2020. We considered studies reporting sex and coronavirus disease 
2019 (COVID-19) outcomes. Qualitative and quantitative data were 
extracted using standardised electronic data extraction forms with the 
assessment of Newcastle Ottawa Scale for risk of bias. Pooled trends 
in infection, hospitalization, severity, intensive care unit (ICU) 
admission and death rate were calculated separately for men and 
women and subsequently random-effects meta-analyses on relative 
risks (RR) for sex was performed. 
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Results: Of 10,160 titles, 229 studies comprising 10,417,452 patients 
were included in the analyses. Methodological quality of the included 
studies was high (6.9 out of 9). Men had a higher risk for infection with 
COVID-19 than women (RR = 1.14, 95%CI: 1.07 to 1.21). When infected, 
they also had a higher risk for hospitalization (RR = 1.33, 95%CI: 1.27 
to 1.41), higher risk for severe COVID-19 (RR = 1.22, 95%CI: 1.17 to 
1.27), higher need for Intensive Care (RR = 1.41, 95%CI: 1.28 to 1.55), 
and higher risk of death (RR = 1.35, 95%CI: 1.28 to 1.43). Within the 
period studied, the RR for infection and severity increased for men 
compared to women, while the RR for mortality decreased for men 
compared to women. 
Conclusions: Meta-analyses on 229 studies comprising over 10 million 
patients showed that men have a higher risk for COVID-19 infection, 
hospitalization, disease severity, ICU admission and death. The 
relative risks of infection, disease severity and death for men versus 
women showed temporal trends with lower relative risks for infection 
and severity of disease and higher relative risk for death at the 
beginning of the pandemic compared to the end of our inclusion 
period. 
PROSPERO registration: CRD42020180085 (20/04/2020)

Keywords 
COVID-19, sex-differences, male, femal, mortality, ICU admission, 
infection, severity
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Introduction
The role of sex has been a topic of interest in many corona-
virus disease 2019 (COVID-19) studies, with many countries 
reporting higher case fatality rates among men than women1. 
There is, however, considerable variability among estimated  
effects of sex across countries for several relevant COVID-19  
outcomes, including death. A recent systematic review from 
our group summarized literature from the earliest pandemic 
phase to show the impact of age and sex on commonly reported  
COVID-19 related outcomes2. We showed that men were observed 
to have a higher risk of confirmed COVID-19 infection among 
those tested, and more often had severe COVID-19 disease, 
required intensive care unit (ICU) admission and had a fatal  
outcome when hospitalized with COVID-192, a finding that 
other researchers3,4 have confirmed and has led to speculation  
on biological mechanisms5,6. However, almost all studies from 
previous systematic reviews were based on the early phase 
of the pandemic where testing was less commonly avail-
able, treatments were not yet evidence-based and mortality rates  
were high.

There are some indications that ICU and mortality rates have 
now decreased7–9, raising the question of whether men are 
still at increased risk in different severity stages ranging from  
infection to death now that substantially more data is available.

Here we present a systematic review and meta-analysis on the 
association between sex and risk of COVID-19 for infection, 
hospitalization, disease severity, ICU admission and mortality.  
Studies in this review cover all continents with the excep-
tion of Antarctica, covering study populations from a large 
timeframe of the COVID-19 pandemic. This should provide 
a more nuanced insight into the association of sex with relevant  
COVID-19 outcomes and temporal variety of the association.

Methods
The reporting of this systematic review and meta-analysis is 
in accordance with the Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses (PRISMA) statement10  
and a protocol has been registered a priori at the Prospero reg-
istry (CRD42020180085, 20th April 2020)11. The review aimed 
to quantify the relative risk of men versus women on five com-
monly reported COVID-19 related outcomes, specifically (see 
also Table 1): 1) confirmed COVID-19 infection among the  
general population; 2) hospitalization among patients with a 

confirmed COVID-19 infection; 3) severe (clinically/radiologi-
cally) COVID-19 among hospitalized patients with a confirmed 
COVID-19 infection; 4) ICU admission among hospitalized  
patients with a confirmed COVID-19 infection; and 5) death 
among hospitalized patients with a confirmed COVID-19  
infection.

Data sources and searches
The search strategy was devised with a specialised librarian 
(GF) and the following databases were searched from Decem-
ber 1st 2019 up to an including September 17th 2020: Medline 
via PubMed and EMBASE. We designed the search strategy  
to be sensitive and reproducible. The term COVID-19 was elab-
orated in combinations of controlled vocabulary and free text 
terms. See Appendix I in the Extended data12 for the full search 
strategy. Studies reported in languages spoken by the research 
team were eligible: English, Dutch, German, French, Spanish,  
and Russian.

Study selection
Initial screening on the basis of title and abstract of eligible stud-
ies was performed by allocating subsets of the search results 
to all members of the review team. When the information in the 
abstract did not suffice or where there was any doubt, the stud-
ies remained potentially eligible. The full text of potentially  
eligible studies was evaluated by a member of the review team 
(MZ, BP, AR, AA, JD, SH, EY and SZ). All records identi-
fied through the searches were collected in an electronic ref-
erence database and subjected to the following inclusion and 
exclusion criteria: the study had to focus on humans with  
COVID-19 or severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) infections providing, or potentially pro-
viding, sufficient information to calculate relative risk for our  
pre-specified associations (Table 1). Studies were excluded 
when there was no data on controls, when the study focussed 
on a specific population (e.g., health care workers, paediatric 
patients), when the study quality score (see next paragraph) was 
less than 5 out of 9 and when patients were admitted to hospi-
tal for different indications than for COVID-19 (e.g., kidney  
transplant patients, patients with fractured bones).

Data extraction and quality assessment
A reviewer team (MZ, BP, AR, AA, JD, SH, EY and SZ) from 
the review team extracted data from included studies regard-
ing patient demographics, study characteristics, and the severity  

Table 1. Study structure. COVID-19=coronavirus disease 2019; ICU=intensive care unit.

Severity stage Case control population

1 Infection Test positive Test negative General population

2 Hospitalization Hospitalized Not hospitalized Confirmed COVID-19 cases

3 Severe symptoms 
(clinically or radiologically)

Severe symptoms Non-severe symptoms Hospitalised COVID-19 cases

4 ICU admittance Admitted to ICU Not admitted to ICU Hospitalised COVID-19 cases

5 death Death alive Hospitalised COVID-19 cases
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stages of COVID-19 including infection, hospitalization,  
severity, ICU admission, and death. To ensure data qual-
ity, a reviewer team (MZ, BP, AR, AA, JD, SH, EY and SZ) 
from the review team other than the one who initially included 
the paper, confirmed the inclusions and data extraction for  
20 randomly selected papers. Additionally, one of the review-
ers (AR) checked the inclusion and data extraction of all stud-
ies that were potential outliers in terms of absolute rate of 
the outcome or RR as visually identified on the forest plots. 
Risk of bias of the included studies was appraised using the  
Newcastle Ottawa Scale (NOS)13.

Data synthesis and analysis
We used relative risks (RR) to assess the association between 
each severity stage (i.e., infection, hospitalization, severity, ICU 
admission, and death) and sex and performed a random-effects  
meta-analysis to determine the pooled effect sizes with corre-
sponding 95% confidence intervals and 95% prediction intervals14.  
The amount of statistical heterogeneity was assessed through 
visual inspection of the forest plots and by calculating I²  
statistics15. If data allowed, we explored potential sources of sta-
tistical heterogeneity when I2 was above 40% (1) through sub-
group analyses and (2) with random-effects meta-regression 
analyses on pre-defined factors, including geographical region,  
study quality, study size, days into the pandemic based on 
study start and end date, publication date, diagnostic modality  
(e.g., polymerase chain reaction [PCR] test, computerized tom-
ography [CT] signs, clinical symptoms and their combinations 
that led to the diagnosis of COVID-19), and clinical setting 
(e.g., nursing home, home, hospital, general practitioner [GP]  
cohort).

To assess publication bias, we constructed funnel plots for 
visual inspection and statistically tested potential asymmetry 
using the Egger and Harbord test16,17. In case of asymmetry, a 
trim-and-fill method and cumulative meta-analyses was used to  
explore the magnitude and direction of publication bias.

Patient and public involvement statement. This system-
atic review and meta-analysis is part of the World Health  
Organization (WHO) Evidence Collaborative on COVID-19 
answering on of their rapid review priority questions on risk factors 
for infection and disease severity. Patients were not involved.

Results
Study selection
The literature search yielded 10,160 unique hits of which 614  
studies were eligible after screening titles and abstracts. From  
these eligible studies, we excluded 444 studies: 8 focused on 
healthcare workers only, 19 were in languages not spoken  
by the research team; 26 were reviews; 49 had no data on  
controls; 2 had no data on cases; 6 scored below 5 on the New  
Castle Ottawa Scale; 71 did not report or evaluate sex  
differences; and 263 made no valid comparison between men 
and women. This left 170 studies and together with 59 studies  
from the previous systematic review the total number of 
included studies was 229 covering a total of 10,417,452  
patients. Details of the study selection and included studies  

are given in Figure 1 (PRIMSA flow chart) and Appendix II  
in the Extended data12.

Study characteristics
Of the included studies, 94 were from China, 42 from the  
United States, 18 from Italy, 11 from the United Kingdom, 8  
from South-Korea, 6 from Germany, 6 from Spain, 6 from  
Turkey, 4 from Brazil, 4 from Mexico, 3 from Denmark, 3 
from Iran, 3 from Israel, 2 from Austria, 2 from India, 2 from  
Switzerland, 2 from Thailand, and 1 from each of the follow-
ing countries: Argentina, Australia, Belgium, France, Honduras,  
Indonesia, Japan, Kuwait, Netherlands, Poland, Singapore,  
South Africa, and Sweden. Study size ranged from 21 to more 
than 8,000,000 individuals. The included studies recruited indi-
viduals in the period between December 1st 2019 and August 
19th 2020. Data of individual studies, organized by exposure  
and outcome, are available as Underlying data.

Risk of bias
The methodological quality of the included papers was rela-
tively high with an average of 6.9 out of 9, as measured with 
the Newcastle Ottawa Scale (NOS). Details of NOS items for 
individual studies, organized by exposure and outcome are  
available as Underlying data.

Outcomes
Meta-analyses of the primary outcomes for the risk factor sex 
revealed differences among men and women18. An overview 
of the pooled results from random-effects meta-analyses for 
the risk factor sex can be found in Table 2. There was an unam-
biguous association between each stage of disease severity and 
sex with men having a higher risk of infection, hospitalization,  
disease severity, ICU admission and death than women.

1. Risk of infection
In total, 41 studies conducted in the general population reported 
data on the risk of infection and sex (Table 2). Men were 
shown to have a higher risk of infection; the pooled RR from 
these studies was estimated to be 1.14 (95%CI: 1.07–1.21).  
Four studies from China, two studies from South Korea and  
United States each and one study from Thailand and United  
Kingdom each reported a higher risk of infection among 
women (see Figure appendix III in the Extended data12). In the  
sensitivity analysis, the study start date was significantly asso-
ciated with the relative risk of infection: the later the start 
date of the study the higher the risk of infection for men  
compared to women (Figure 2).

2. Hospitalisation
Overall, 22 studies reported on hospitalisations among con-
firmed COVID-19 cases. When diagnosed, the risk of hospi-
talization was about 33% (Table 2) more for men as compared 
to women (RR: 1.33, 95%CI: 1.27 – 1.41), (Figure appendix III  
in the Extended data12)

3. Disease severity
In total, 77 studies reported on disease severity among popula-
tions hospitalised due to COVID-19. When hospitalised, men 
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experienced more severe disease than women (RR = 1.22,  
95%CI: 1.17- 1.27) implying that the risk of severe disease 
of COVID-19 for men is 22% higher than that for women  
(Table 2, Figure appendix III in the Extended data12). In the  
sensitivity analysis, start date was significantly associated with 
the relative risk disease severity: the later the start date of the 

study the higher the risk of disease severity for men compared  
to women (Figure 3).

4. ICU admittance
In total, 48 studies reported on ICU admittance among hospital-
ised COVID-19 cases. The rate of admission to ICU in COVID-19  

Figure 1. PRISMA flow chart showing study selection.
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Table 2. Summary of data synthesis.

Exposure Outcome Number 
of studies

Number of 
patients

Pooled 
estimate (RR)

95% CI 95% PI Heterogeneity 
(I2)

Sex 
(male vs 
female)

Infection 41 1.14 1.07 to 1.21 0.79 to 1.63 98.6 %

hospitalization 22 1.33 1.27 to 1.41 1.06 to 1.68 90.9%

Severe disease 77 1.22 1.17 to 1.27 1.02 to 1.45 46.7%

ICU 48 1.41 1.28 to 1.55 0.83 to 2.40 80.6%

Death 91 1.35 1.28 to 1.43 0.90 to 2.03 82.1%
RR = relative risk; 95% CI = 95% confidence interval; 95% PI = 95% prediction interval; ICU=intensive care unit.

Figure 2. Bubble plot showing the results from the meta-regression on start date of included studies and relative risk of 
infection (men vs women): the later the start date of the study the higher the risk of infection for men compared to women. 
The size of the circles is inversely proportional to the variance of the estimated treatment effect. The dashed lines represent the limits of the 
95% confidence interval (CI).

hospitalised patients was higher among men as compared to 
women. The aggregated effect size was 1.41 with a 95%CI of  
1.28–1.55 (Table 2, Figure appendix III in the Extended data12).  
In the sensitivity analysis, study duration was significantly 
associated with the relative risk of ICU admittance: the 
longer the duration of the study, the higher the relative risk of  
admission to ICU for men than women (Figure 4).

5. Death
Overall, 91 studies reported on death among hospitalized  
COVID-19 cases. We observed that men were at higher risk 
of death (Table 2, Figure appendix III in the Extended data12) 
from COVID-19 as compared to women (RR = 1.35, 95% 
CI: 1.28–1.43). In the sensitivity analysis, start date was  

significantly associated with the relative risk of death: the later  
the start date of the study the lower the risk of death for men  
compared to women (Figure 5).

Sensitivity analyses
1. Overlap in study populations
Considering the vast number of studies on COVID-19 the  
potential effect of overlap of study populations on the results 
should be evaluated. In instances where two studies were from 
the same region, had similar or overlapping patient recruit-
ment periods or same hospitals- one could suspect a possible 
overlap in the studied populations. We conducted a sensitiv-
ity analysis by only including the largest study from a group of  
studies with a possible study population overlap.
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Overall, the estimates from the meta-analysis were very robust 
and the results did not demonstrate any substantial shifts in 
pooled effect estimates for any of the five study outcomes  
after exclusion of studies with possible overlap (Table 3).

2. Heterogeneity
In our primary outcome analysis (Table 2), we observed  
moderate to substantial heterogeneity. To address this, we also  
performed extensive sensitivity analyses consisting of subgroup 

Figure 3. Bubble plot showing the results from the meta-regression on start date of included studies and relative risk of disease 
severity (men vs women): the later the start date of the study the higher the risk of severe of disease for men compared to 
women. The size of the circles is inversely proportional to the variance of the estimated treatment effect. The dashed lines represent the 
limits of the 95% confidence interval (CI).

Figure 4. Bubble plot showing the results from the meta-regression on study duration of included studies and relative risk 
of intensive care unit (ICU) admission (men vs women): the longer the duration of the study, the higher the relative risk of 
admission to ICU for men than women. The size of the circles is inversely proportional to the variance of the estimated treatment effect. 
The dashed lines represent the limits of the 95% confidence interval (CI).
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and meta-regression analyses (Appendix IV in the Extended  
data12). The conclusions of our study did not markedly change  
with subgroup analyses and meta-regression analyses.

3. Publication bias
Funnel plots showed some asymmetry for the relation between 
sex and the outcomes of severe disease and death (p-values of  
0.000 and 0.030, respectively; Harbord test). Although the  
subsequent trim-and fill analysis revealed some reduction in the 

effect sizes, all conclusions remained the same. More specifi-
cally, the RR for severity changed from 1.22 to 1.19 and for death  
from 1.35 to 1.20. 

Discussion
Summary of evidence
In this systematic review, we evaluated the association between 
sex and COVID-19 infection, hospitalization, disease severity,  
ICU admission and death based on studies from across  

Figure 5. Bubble plot showing the results from the meta-regression on start date of included studies and relative risk of 
death (men vs women): the later the start date of the study the lower the risk of death for men compared to women. The size 
of the circles is inversely proportional to the variance of the estimated treatment effect. The dashed lines represent the limits of the 95% 
confidence interval (CI).

Table 3. Exclusion of possible overlaps.

All studies Excluding possible overlap

Exposure Outcome Number 
of studies

Pooled 
estimate (RR)

Number of 
studies

Pooled estimate 
(RR)

Sex 
(male vs female)

Infection 41 1.14 28 1.18

Hospitalization 22 1.33 18 1.35

Severe disease 77 1.22 17 1.28

ICU 48 1.41 37 1.39

Death 91 1.35 40 1.27
Studies with possible overlap of patients were excluded from the analysis, results presented in bold. Possible 
overlap was assumed when studies were from the same region, recruitment period and hospital. In a group of 
studies with possible overlap only the largest study was included in the analysis. The estimates from the meta-
analysis were very robust and did not demonstrate any substantial shifts in pooled effect estimates for any of the 
five study outcomes after exclusion of studies with possible overlap.

RR = relative risk; ICU=intensive care unit.
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the world. Our results showed that men were more likely to 
be affected or to be more severely affected by COVID-19  
than women on all disease outcomes. Men appear to have a 
higher risk of COVID-19 infection (as compared to women). 
When infected, they were observed to have a higher risk of  
hospitalization, and when hospitalized they had higher risk  
of severe COVID-19 disease and ICU admission, and ulti-
mately a higher risk of dying. We also observed that, within the 
time period studied, the relative risk of infection and severe  
disease increased for men compared to women, while the relative  
risk of mortality decreased for men compared to women. 
Additionally, the relative risk of ICU admission increased 
for men compared to women when the duration of the study 
increased, suggesting that focus on ICU admission should have  
sufficient follow-up.

Interpretation
The various hierarchical COVID-19 related outcomes were  
estimated among different populations, i.e. infection among 
the general population, hospitalization among people with 
confirmed infections, and severe disease, ICU admission and  
death among all hospitalized patients with COVID-19.

Within each of these domains, different mechanisms may be 
responsible for the observed associations of sex with these  
outcomes.

The risk of an individual for confirmed COVID-19 infection 
among the general population is the sum of several mechanisms, 
including the population spread in their area, their exposure to 
other people in occupational, leisure and social setting and the  
mitigating measures imposed by local government. These 
mechanisms are likely to play a different role across different 
geographical regions and the way they affect men and women  
differently. In some countries, working outside of the house 
with associated exposure is more equally divided between men 
and women than in other countries. The part of each sex in  
caring activities (e.g. child care or informal care for other  
family members) also likely varies between geographical regions  
and cultures. Indeed, we observed divergent risks that seem  
clustered within countries, most notably the higher risk of infec-
tion among women in two large studies in South Korea19,20. 
In South Korea, women were indeed over-represented in  
higher-risk professions i.e. among nurses, medical and welfare- 
related healthcare sectors; as well as social welfare-related sectors.  
Besides that, more women were employed in high-risk  
professions (like hairdressing, wedding service workers, house-
hold helpers, cooking attendants, educational professionals 
and related occupations)21. In addition, sexes show difference  
on attitude and behaviour facing COVID-19, in that women 
are more likely to perceive COVID-19 as a very serious health  
problem, to agree with restraining public policy measures, and to 
comply with them22–24. It, therefore, might cause men with more 
chances to be exposed to SARS-CoV-2. Most other countries  
show a consistently higher risk of men for COVID-19  
infections, although the USA shows inconsistent estimates 
across studies. This may be related to the governing context 
where measures and work and care cultures vary considerably 

across different states. A sensitivity analysis on the timeframe 
of the study showed a trend towards increasing risk for men  
over time.

The risk of hospitalization when infected with COVID-19  
should be interpreted within both the medical and health care 
context. First, there may be medical mechanisms in play that 
cause men and women to divergently develop COVID-19  
severity that requires hospitalization. Indeed, other respiratory 
tract infections tend to be more severe in men25. However, hos-
pital capacity was limited at times in some parts of the world 
due to peak admissions, possibly influencing the selection of  
patients that were admitted.

The risk of outcomes related to the severity of COVID-19 (i.e. 
severe disease, ICU admissions and death) among patients  
hospitalized for COVID-19 is considered to be more independ-
ent of societal context and relative risks of men compared to 
women should be interpreted as reflecting biological mecha-
nisms. During the severe acute respiratory syndrome (SARS) 
epidemic of 2003 mortality was also higher in men26. Over the  
course of the COVID-19 pandemic, clinical care and treat-
ment have improved due to increased knowledge on the clinical  
manifestations and course of disease. It seems that absolute  
risks of dying among hospitalized patients, both within each  
sex and overall, have decreased over time7–9.

Implications for clinicians, policymakers and 
researchers
All relative risks that have been presented in this meta-analysis  
are univariable associations between sex and COVID-19 out-
comes. This means that, although men indeed experience higher  
rates on all outcomes (infection through death) in the real 
world, sex may not be the causal factor causing an increased 
risk at some outcomes. Instead, the observed associations 
may be the result of other causal factors which are unequally  
distributed between both sexes. Indeed, there is literature to  
support hypotheses of causal effects of comorbidities, weight 
distribution, and immunological characteristics. as mechanisms 
through which differences in outcomes are observed between  
sexes4–6,8.

Nevertheless, when researchers, clinicians and policymakers 
want to target the appropriate group for interventions (healthcare 
or vaccinations) or studies, these findings based on real-world  
data may be helpful in identifying sub-populations or important  
confounders. Additionally, they may play a role in hypotheses  
generation regarding causal mechanisms of COVID-19  
outcomes.

Limitations and strengths
Some limitations of this study should be considered. In some 
studies on death, information on the subjects without an endpoint  
was missing, so there was a high risk of non-differential  
misclassification that could lead to bias

Another limitation is that although we have found that the RR 
for infection, disease severity and mortality changed during  
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the course of the pandemic, our study is not designed to  
provide possible explanations. Future studies are required to  
explore possible mechanisms.

Our review has the following strengths. Our search strategy 
was thorough and complete: we screened 10,160 individual 
records in addition to 11,550 hits of the previous paper on the  
first wave2. This meta-analysis includes papers based on world-
wide and from various phases of the pandemic—from the 
first wave to the second wave before variants of concern were 
identified. Such variants of concern are likely to alter the  
overall absolute risk of several outcomes in this meta-analysis,  
and potentially affect relative risks of sexes for these  
outcomes as well. In the studies included, we have observed a large  
range of absolute risks as a result of studies from different  
phases of the pandemic and from various regions, to which  
the relative risk of sex seemed to be fairly robust. This is  
however not guaranteed for other strains and this possibility 
should be considered when we extrapolate these results to more  
recent settings.

Our search strategy therefore ensured that the included  
studies cover a wide range of transmission-mitigation  
policies, cultures and clinical settings and that the included studies 
cover a mix of virus strains that are (clinically) similar in terms  
of transmissibility and disease severity. The methodological  
quality as reflected by the NOS score was high and a  
thorough sensitivity analysis could not refute the conclusions. The  
possible influence of publication bias was considered to be 
small as only small changes in effect size after the trim-and-fill  
analyses were observed.

Conclusion
We systematically reviewed the literature to determine the  
relation between sex as a risk factor for COVID-19 infection, 
hospitalisation, disease severity, ICU admission and death.  
Meta-analyses on 229 studies comprising 10 million patients 

showed that men have a higher risk for infection, hospitali-
sation, severe disease, ICU admission and death. Within the 
period studied, the relative risk for infection and severe disease 
increased for men compared to women, while the relative risk  
for mortality decreased for men compared to women.

Data availability
Underlying data
Harvard dataverse: Replication Data for: Temporal trends of 
sex differences for COVID-19 infection, hospitalisation, severe 
disease, intensive care unit (ICU) admission and death: Aa  
meta-analysis of 229 studies covering over 10M patients. https://
doi.org/10.7910/DVN/DPP67G18.

Extended data
Harvard Dataverse: Appendix for: Temporal trends of sex  
differences for COVID-19 infection, hospitalisation, severe 
disease, intensive care unit (ICU) admission and death: Aa  
meta-analysis of 229 studies covering over 10M patients. https://
doi.org/10.7910/DVN/JPLKI912.

Reporting guidelines
Harvard Dataverse: PRISMA checklist for ‘Temporal trends 
of sex differences for COVID-19 infection, hospitalisation, 
severe disease, intensive care unit (ICU) admission and death: a  
meta-analysis of 229 studies covering over 10M patients’ https://
doi.org/10.7910/DVN/TRIZJX10.
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In this large and comprehensive systematic review and meta-analysis, the authors looked at the 
association between sex and COVID-19 health outcomes, screening over 10 000 studies in six 
different languages from searches of PubMed and EMBASE (between December 2019 and 
September 2020). Pooled relative risks for 229 selected studies were determined using a random-
effects meta-analysis, with a number of factors investigated as potential sources of heterogeneity 
(including geographical region and time from start of pandemic). Men were shown to have a 
higher risk for all outcomes overall, with a lower risk for infection and severity of disease and 
higher risk for death earlier in the pandemic. 
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2. 

 In Table 1, there are columns of "case" and "control", which suggests case control studies, 
although from the underlying data it looks like there were very few of these. I would 
recommend removing the "control" column completely and renaming the "Case" column 
"Outcome (case)" 
 

3. 

Methods - Study selection section: please rephrase "Studies were excluded when there was 
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Methods - data synthesis and analysis: I was surprised to see that study design (e.g. cohort 
vs case control vs cross sectional) wasn't included as a subgroup - if numbers of non-cohort 
studies are a problem then this could be cohort vs other designs (see also comment re: 
South Korean studies in interpretation). 
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studies were cohort designs, with Y cross-sectional and Z case control"). 
 
Results - In Table 2, the "Number of patients" column is blank. 
 

8. 

Appendix Forest Plots - the format of the plots for Infection, Hospitalization, and ICU 
admission (vertical forest plots with countries shown) is much more informative than the 
plots for Severe Disease and Death - could these two be updated to match the others? 
 

9. 

In the results and appendices  "sensitivity analysis" are referred to but this term is not used 
in the methods. I think what is being referred to here is the results of "subgroup (and meta-
regression) analysis" - it would help if this terminology was used instead of "sensitivity 
analysis" throughout (or "subgroup (and meta-regression) analysis" when it first appears, 
defining that this will be referred to as "subgroup analyses" subsequently). 
 

10. 

In the Summary of Evidence section, I did not understand the text after the comma in the 
sentence "Additionally, the relative risk of ICU admission increased for men compared to 
women when the duration of the study increased, suggesting that focus on ICU admission 
should have sufficient follow-up." 
 

11. 

 In Interpretation, re: the South Korean studies: 
 
a) could you also comment on whether the two South Korean studies were performed at an 
early stage of the pandemic i.e. is the early-pandemic effect that you have found also 
contributing here? 
 
b) I notice that neither of the South Korean studies are cohort studies (one is cross 
sectional, the other case control) but non-cohort studies were not investigated as a 
subgroup. 
 

12. 

Implication for clinicians, policymakers, and researchers: I wasn't sure about the statement 
"All relative risks that have been presented in this meta-analysis are univariable associations 
between sex and COVID-19 outcomes" as it is not specified anywhere in the methods that 
only unadjusted effects were being pooled. Could this be clarified?

13. 
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Andrew Taylor-Robinson, College of Health Sciences, Vin University, Hanoi, Vietnam 

This interesting and meticulous study reveals the relative risk of disease severity once men and 
women become infected with SARS-CoV-2. When evaluating the association between gender and 
each of infection, hospitalisation, disease severity, ICU admission and death, clinical record data 
from several countries consistently show that men appear to have a higher risk of infection with 
SARS-CoV-2 and to be more severely affected by COVID-19 than women. 
 
During the first year of the pandemic, however, the relative risk appeared to change with time. In 
the first wave of the pandemic, adult males had lower relative risks for infection and severity of 
disease but a higher risk for death compared to criteria-matched females. Yet, this association 
between a person’s gender and all outcomes of disease from or with COVID-19 was not observed 
towards the end of the inclusion period, some several months later. 
 
The findings point to nuanced societally entrenched differences between male and female 
behaviours rather than to any biological differences as the underlying reasons for this association 
between gender and susceptibility to infection transmission and disease manifestation. At least in 
some (low-income) countries, the relative risk of becoming infected may reflect cultural norms, 
often heavily influenced by religious practices, relating to where and when males and females 
spend their day – either being inside a place of residence (in enclosed spaces with other family 
members), or outside the home (most likely for work) and therefore in potential contact with a 
wider group of community members. In other, typically more affluent nations, this gender divide is 
less apparent. Indeed, in such settings women often form the majority of healthcare workers, so 
who may, in their professional capacity, be placed at higher risk of infection. 
 
Moreover, such gender-related differences in behaviour may be reinforced by variations in attire 
worn by males and females, in particular various forms of veil worn by Muslim women. In the 
advent of an emerging highly transmissible respiratory pathogen, the covering of one’s nose and 
mouth on religious ground – together with an accompanying reserved attitude in external 
environments – would appear to inadvertently afford a possible public health advantage. 
 
Evidently, the noted differences in association between gender and susceptibility to COVID-19 are 
multifactorial, intractable and need to consider human behaviours. 
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