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ABSTRACT
An under- representation of women and a lack of sex- 
specific analyses in COVID- 19 trials has been suggested. 
However, the higher number of men than women who 
are severely affected by COVID- 19 and the restricted 
information in scientific publications may have biased 
these suggestions. Therefore, we evaluated sex 
proportionality and sex- specific efficacy and safety data 
in trials of COVID- 19 treatments and vaccines using both 
publicly available regulatory documents and confidential 
documents used by regulators in their review of medicinal 
products. Included were two treatments (ie, remdesivir and 
dexamethasone) and four vaccines (ie, BNT162b2 mRNA 
(BioNTech/Pfizer), mRNA- 1273 (Moderna), ChAdOx1- S 
(AstraZeneca) and Ad26.COV2- S (Janssen)) that received 
marketing authorisation by the European Commission at 
the time of the study conduct. An under- representation of 
women was shown in three of the nine data sets for one 
treatment (ie, remdesivir), but the proportion of women 
included was representative in each of the data sets for 
the other five products. This indicates that there is no 
structural under- representation of women in the COVID- 19 
trials. Currently, sex- specific efficacy data are available 
for five of the six assessed products and sex- specific 
safety data are available for half of the products only. It is 
important that this information will also be made available 
for the other products. There are only small differences 
in efficacy and safety between men and women which 
are likely to be of limited clinical relevance. Sex- specific 
efficacy information can generally be found in the publicly 
available regulatory documents other than the Summary of 
Product Characteristics, for which more awareness might 
be required.

INTRODUCTION
Sex differences, with men generally having a 
higher risk than women of COVID- 19- related 
hospitalisation, intensive care unit (ICU) 
admission and death, have been observed 
during the COVID- 19 pandemic.1–4 Gender- 
related behavioural factors (eg, smoking) 
could be part of the explanation for such 
differences, but biological (ie, sex) differences 
are also likely to play a role. There are known 
sex differences in the different steps from 
virus entry to adaptive immune response that 
may impact the response to the SARS- CoV- 2 

infection as well as the disease progression.1 5 
In addition to response to the virus, men and 
women may respond differently to treatments 
and vaccines. For instance, women generally 
have higher overall antibody levels and report 
more adverse events (AEs) to vaccines than 
men.4 6 7 Attention to sex in clinical trials in 
general and in those of COVID- 19 trials as a 
specific case is therefore considered neces-
sary.8–13

A ‘sex gap’ in clinical trials of COVID- 19 
treatments and vaccines has been suggested, 
however, both in terms of a lower number of 
women than men included in the trials as well 
as a lack of sex- specific analyses of the favour-
able and unfavourable effects.14–16 There are 
two important factors to note that may have 
biased these conclusions. First, there is gener-
ally no adjustment for the higher number of 
men than women who are severely affected 
by COVID- 19. Due to this higher occurrence 

Summary box

 ► Sex differences have been shown in the COVID- 19 
pandemic and are important to examine.

 ► A lack of consideration for women in clinical trials of 
COVID- 19 treatments and vaccines has been sug-
gested, both in terms of a lower number of women 
than men included in the trials and a lack of sex- 
specific analyses of the favourable and unfavourable 
effects.

 ► Based on information from regulatory documents, 
we found no structural under- representation of 
women in the trials of the assessed medicinal prod-
ucts for COVID- 19.

 ► Sex- specific efficacy and safety information is avail-
able for respectively five and three of the six as-
sessed COVID- 19 products.

 ► It is important that this information will also be made 
available for the other products.

 ► Observed differences in efficacy and safety were 
small and likely of limited clinical relevance.

 ► More awareness to sex- specific information that gen-
erally can be found in European Public Assessment 
Reports and clinical data on the European Medicines 
Agency website might be required.
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of severe COVID- 19 disease among men, clinical trials 
testing the effects of treatments in this population are 
logically more likely to include a higher number of men. 
This also explains the finding of a previous study showing 
that COVID- 19 drug trials are less likely to have a good 
sex balance than the COVID- 19 vaccine studies in which 
the general population is targeted.14 The participants in 
phase III clinical trials especially should be representa-
tive of the population that would use the product after its 
market approval.17

Second, the conclusions are based on reviews of scien-
tific publications that contain much less information 
than the full dossiers that pharmaceutical companies 
submit to regulatory authorities to support a marketing 
authorisation application. A recent study using the 
information in the marketing authorisation application 
dossiers of medicines for various diseases presented a 
more positive view with sex- specific information on effi-
cacy and safety available for each of the assessed prod-
ucts.18 This information, however, may not end up in the 
documents that are used to inform clinical practice. The 
Summary of Product Characteristics (SmPCs) provides 
the basis of information for European healthcare profes-
sionals on how to use a medicine safely and effectively. 
More detailed information on the clinical programme 
and benefit- risk assessment is available in the European 
Public Assessment Reports (EPARs).19 Since 2015, clin-
ical data submitted by pharmaceutical companies to 
support their marketing applications are also being made 
publicly available on the European Medicines Agency 
(EMA) website.20

Given the suggested limited attention to women in 
the evaluation of COVID- 19 treatments and vaccines 
and the above- mentioned limitations, we conducted a 
review of sex proportionality and sex- specific efficacy and 
safety data in publicly available regulatory documents 
and confidential documents used by regulators in their 
review of COVID- 19 medicinal products.

REVIEW PROCESS OF THE REGULATORY DOCUMENTS OF 
COVID-19 MEDICINAL PRODUCTS
We included products for the treatment and preven-
tion of COVID- 19 that received marketing authorisation 
by the European Commission as indicated on the EMA 
website21 before June 2021. This resulted in the inclusion 
of six medicinal products, respectively, two treatments 
(ie, remdesivir and dexamethasone) and four vaccines 
(ie, BNT162b2 mRNA (BioNTech/Pfizer), mRNA- 
1273 (Moderna), ChAdOx1- S (AstraZeneca) and Ad26.
COV2- S (Janssen)) (table 1).

Publicly available regulatory information was extracted 
from the SmPCs, EPARs and the clinical data available 
on the EMA website. SmPCs and EPARs can be found on 
the EMA web page of a specific treatment or vaccine of 
interest and were available for each of the six included 
COVID- 19 products. The clinical data on the EMA 
website are available after creating a free account. In 

these clinical data, we searched for information in the 
documents in the sections ‘clinical overview’ and ‘clin-
ical study reports’. The clinical data on the EMA website 
were available for dexamethasone, BioNTech/Pfizer and 
Moderna. For the other products, that is, remdesivir, 
AstraZeneca and Janssen, we obtained additional infor-
mation from the clinical study reports (module 5) and 
the summary information (module 2) of the confidential 
marketing authorisation application dossiers available at 
the Dutch Medicines Evaluation Board and EMA.

The following search terms were used in the screening 
of the documents: sex, gender, male, women, sub group, 
subgroup and sub- group. In the EPARs, the additional 
search terms ‘table’ and ‘figure’ were used since these 
documents sometimes include screenshots of tables 
and figures which cannot be screened using the search 
function.

SEX PROPORTIONALITY
Sex proportionality was assessed separately for trial 
participants receiving the treatment or vaccine, receiving 
standard of care or placebo, and per efficacy and safety 
data set in the main study or studies (table 1) and was 
determined by calculating the participation to preva-
lence ratio (PPR).22 For the calculation of the PPR, the 
percentage of women in the trial was divided by the 
percentage of women in the target population. For the 
treatments, the percentage of women hospitalised due to 
COVID- 19 was used as the population reference for which 
we calculated the average of the percentages per country 
provided on the website of the Global Health 50/50 initi-
ative,23 which is 43.8%. For the vaccines, we assumed that 
50% of the population were women. A PPR <0.8 or >1.2 
was considered respectively an under- representation or 
over- representation of women in the trial compared with 
the representation of women in the target population.22

In the efficacy and safety data sets of each of the medic-
inal products, both women and men were included. The 
numbers and/or percentages of included men and/
or women were found in publicly available documents 
(table 2; online supplemental table 1). In total, we evalu-
ated 27 data sets; 9 for remdesivir, 2 for dexamethasone 
and 4 for each of the vaccines. A proportional representa-
tion of women in each of the assessed data sets was shown 
for five of the six assessed products, that is, dexameth-
asone, BioNTech/Pfizer, Moderna, AstraZeneca and 
Janssen (figure 1). An under- representation of women 
was shown in three of the nine included data sets of 
remdesivir. PPRs of these three data sets ranged from 
0.742 to 0.797.

SEX-SPECIFIC EFFICACY DATA
Sex- specific efficacy information and numerical results were 
assessed for the main data set and population (table 1) 
and was available for five of the six assessed products, that 
is, remdesivir, dexamethasone, BioNTech/Pfizer, Moderna 
and Janssen. For these products, information was found in 
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the publicly available documents with the SmPCs providing 
some general information for most products and the EPARs 
and clinical data on the EMA website providing sex- specific 
numerical efficacy data (table 2; online supplemental table 
1).

The sex- specific numerical efficacy data show that the 
effects of the treatments and the vaccines are similar 
between women and men (figure 2). For remdesivir, the 
recovery rate ratio was 1.31 (95% CI 1.07 to 1.59) and 
1.38 (95% CI 1.05 to 1.81), respectively, for men and 
women (figure 2A). For dexamethasone, the rate ratio 

was 0.80 (95% CI 0.71 to 0.91) for men and 0.90 (95% CI 
0.74 to 1.09) for women (figure 2B). The effectiveness of 
the vaccines ranged from >60% for Janssen to >90% for 
BioNTech/Pfizer and Moderna among both women and 
men (figure 2C).

SEX-SPECIFIC SAFETY DATA
For sex- specific safety information and numerical results 
(table 1), we focused on any AEs, and on serious adverse 
events (SAEs) in the different arms of the trials, that is, in 

Table 1 Summary of the included medicinal products

Product name
Treatment/
vaccine

Studies contributing to 
the main efficacy and 
safety data sets

Efficacy 
population

Safety 
population SmPC EPAR

Additional 
information

remdesivir Treatment NIAID- ACTT(1) GS- US 
540 5776 (adaptive trial);
GS- US- 540–5773 (phase 
III);
GS- US- 540–5774 (phase 
III);
CO- US- 540–5758 (phase 
III)

All subjects in 
the adaptive 
trial

All subjects in 
the phase III 
trials

* † Confidential—
MAA dossiers

dexamethasone Treatment RECOVERY adaptive 
platform trial

All subjects All subjects ‡ § Public—EMA 
website

BNT162b2 mRNA 
(BioNTech/Pfizer)

Vaccine C4951001 (phase I/II/III) Subjects 
without 
evidence of 
infection before 
vaccination 
phase I/II/III

All subjects in 
the phase II/III 
study

¶ ** Public—EMA 
website

mRNA- 1273 
(Moderna)

Vaccine mRNA- 1273- P301 (phase 
III)

Subjects in the 
phase III study 
14 days after 
the second 
injection in the 
PP set

All subjects in 
the phase III 
study

†† ‡‡ Public—EMA 
website

ChAdOx1- S 
(AstraZeneca)

Vaccine Study COV001 (phase 
I/II);
Study COV002 (phase 
II/III);
Study COV003 (phase 
II/III);
Study COV005 (phase I/II)

Subjects 
receiving SD/
SD in both 
phase II/III 
studies

All subjects in 
all studies

§§ ¶¶ Confidential—
MAA dossiers

Ad26.COV2- S 
(Janssen)

Vaccine VAC31518COV3001 
(phase III)

Subjects in the 
PP set of the 
phase III study

All subjects in 
the phase III 
study

*** ††† Confidential—
MAA dossiers

*https://www.ema.europa.eu/en/documents/product-information/veklury-epar-product-information_en.pdf.
†https://www.ema.europa.eu/en/documents/assessment-report/veklury-epar-public-assessment-report_en.pdf.
‡https://www.ema.europa.eu/en/documents/other/dexamethasone-covid19-article-53-procedure-proposals-product-information_en.pdf.
§https://www.ema.europa.eu/en/documents/other/dexamethasone-covid19-article-53-procedure-assessment-report_en.pdf.
¶https://www.ema.europa.eu/en/documents/product-information/comirnaty-epar-product-information_en.pdf.
**https://www.ema.europa.eu/en/documents/assessment-report/comirnaty-epar-public-assessment-report_en.pdf.
††https://www.ema.europa.eu/en/documents/product-information/spikevax-previously-covid-19-vaccine-moderna-epar-product-information_
en.pdf.
‡‡https://www.ema.europa.eu/en/documents/assessment-report/covid-19-vaccine-moderna-epar-public-assessment-report_en.pdf.
§§https://www.ema.europa.eu/en/documents/product-information/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-product-information_
en.pdf.
¶¶https://www.ema.europa.eu/en/documents/assessment-report/vaxzevria-previously-covid-19-vaccine-astrazeneca-epar-public-assessment-
report_en.pdf.
***https://www.ema.europa.eu/en/documents/product-information/covid-19-vaccine-janssen-epar-product-information_en.pdf.
†††https://www.ema.europa.eu/en/documents/assessment-report/covid-19-vaccine-janssen-epar-public-assessment-report_en.pdf
EMA, European Medicines Agency; EPAR, European Public Assessment Report; MAA, marketing authorisation application; PP, per protocol; SmPC, 
Summary of Product Characteristics.
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the active treatment or vaccine group and the comparator 
or placebo group. The safety information was available for 
three of the six products, that is, remdesivir, BioNTech/
Pfizer and Janssen. None of the SmPCs of these products 
contained sex- specific safety information but publicly avail-
able information was found in the EPARs and clinical data 
on the EMA website for BioNTech/Pfizer and Janssen 
(table 2; online supplemental table 1). For remdesivir, the 
information was obtained from the confidential marketing 
authorisation application dossiers. Sex- specific numerical 
data of both AEs and SAEs was available for remdesivir and 
BioNTech/Pfizer whereas for Janssen, sex- specific numer-
ical data of only SAEs was available.

We tested the potential sex differences in any AEs and 
SAEs for those receiving the treatment or vaccine and for 
those receiving the comparator or placebo using Pearson 
χ2 tests. We did not adjust for multiple testing to identify 
any possibly relevant sex differences, so p values <0.05 were 
considered statistically significant. With regard to remde-
sivir, women generally more often experienced any AEs 
than men whereas men generally more often experienced 
any SAEs in both the treatment and standard of care arms. A 
statistically significant difference, however, was only observed 
for the analysis of any AEs at the assessment of 5 days of treat-
ment (59.7% of the women vs 44.7% of the men, p=0.042). 
For BioNTech/Pfizer, women more often experienced any 

Table 2 Availability of sex- specific information in the publicly available documents

Sex 
proportionality

Sex- specific 
efficacy 
information

Sex- specific 
numerical 
efficacy data

Sex- specific 
safety 
information

Sex- specific 
numerical 
safety data

remdesivir + – + – –

dexamethasone + + + – –

BNT162b2 mRNA (BioNTech/Pfizer) + + + + +

mRNA- 1273 (Moderna) + + + – –

ChAdOx1- S (AstraZeneca) + – – – –

Ad26.COV2- S (Janssen) + + + + +

Figure 1 Participation to prevalence ratios (PPR) of the data sets used for treatments remdesivir and dexamethasone, and 
vaccines BNT162b2 mRNA (BioNTech/Pfizer), mRNA- 1273 (Moderna), ChAdOx1- S (AstraZeneca) and Ad26.COV2- S (Janssen).
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AEs than men which was statistically significant in both the 
vaccine group (29.5% vs 24.5%, p<0.001) and the placebo 
group (13.2% vs 11.9%, p=0.011). For Janssen, no statisti-
cally significant differences between men and women were 
shown (table 3). The number of patients experiencing an 
SAE is very small, however, for any product, and the results 
of the analysis should be interpreted with caution.

CONCLUSION
The COVID- 19 pandemic presented an exceptional global 
situation with an urgent need for therapies to curb the 
disease. Extensive funding was made available to develop 
new treatments and vaccines, as were many already 
approved medicines tested for their efficacy in treating 

COVID- 19. The unprecedented public health crisis made 
flexible and fast regulatory processes for evaluating and 
approving medicinal products necessary. Consequently, 
the EMA used a rolling review process; that is, reviewing 
data sets as soon as these became available. Most of the 
products reviewed in our study received conditional 
marketing authorisations, implying that additional data 
would be provided after approval.24 Nevertheless, regu-
lators applied a thorough review process and judged the 
benefit- risk balance to be positive at the time of approval. 
They considered that in view of the unmet need in this 
pandemic, the benefit to public health of the immediate 
availability on the market outweighed the risk inherent 
in the fact that additional data would still be required.25 

Figure 2 Sex- specific efficacy results of (A) treatment remdesivir, (B) treatment dexamethasone, and (C) vaccines BNT162b2 
mRNA (BioNTech/Pfizer), mRNA- 1273 (Moderna) and Ad26.COV2- S (Janssen). CI, confidence interval; RR, rate ratio; RRR, 
recovery rate ratio; VE, Vaccine effectiveness.
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This procedure is also used for other diseases with unmet 
medical need (eg, rare/orphan diseases, advanced 
cancer). The public, however, questioned whether suffi-
cient knowledge was available at the time of approval due 
to these fast approvals. While we acknowledge that rather 
large randomised controlled trials (RCTs) were under-
pinning the conditional approvals, one specific concern 
was that there might have been too little attention for 
women in COVID- 19 trials. Our review showed that 
women were generally well represented in these trials. 
An under- representation of women was shown in three of 
the nine data sets for one treatment (ie, remdesivir), but 
the proportion of women included was representative in 
each of the data sets for the other five products. No sex- 
specific safety information was available for dexametha-
sone and Moderna, and sex- specific efficacy and safety 
information was lacking for AstraZeneca. For this latter 
vaccine, the EPAR reported that subgroup comparisons 
including sex, on both efficacy and safety outcomes, will 
still be explored (online supplemental table 1). These 
data will be made available in a final full report. The sex- 
specific data of efficacy and safety available for, respec-
tively, five and three products showed no pattern of rele-
vant differences between men and women.

A limitation of our review is the inclusion of two treat-
ments only. At the time of the study, however, remdesivir 
and dexamethasone were the only products formally 
authorised by the European Commission for the treat-
ment of COVID- 19 although several other treatments 
could be used as emergency products. The results of 
two reviewed treatments are not generalisable to other 
COVID- 19 treatments. Also, the findings of the four 
included vaccines may not be generalisable to any 
future vaccine. We adjusted our proportionality analyses 
for the sex distribution in the target population using 
the average percentage of hospitalised patients with 
COVID- 19 in various countries worldwide as provided by 
the Global Health 50/50 data. The percentage of hospi-
talised patients with COVID- 19, however, widely differs 
across countries and only half of the countries tracked by 
the sex, gender and COVID- 19 project of Global Health 
50/50 have provided sex- specific information.23 26 Also, 
the percentages are different when considering the 
proportion of women admitted to the ICU. The reli-
ability of the PPR depends on the reliability of the refer-
ence data used in the calculations. Furthermore, we did 
not assess the availability of sex- specific information on 
other relevant parameters, such as vaccine immunoge-
nicity. In addition, it should be noted that we assessed 
the sex proportionality in the data sets of the main effi-
cacy and safety studies only. Sex proportionality may be 
different in other studies, in earlier trial phases and in 
animal studies.18

Our findings are not in line with previous studies 
suggesting a sex gap in trials of COVID- 19 treatments and 
vaccines.14–16 This discrepancy can be explained by the 
use of the percentage of women in the actual target popu-
lation to determine the sex proportionality in our study 
as well as the use of different data sources between our 
study and previous studies, that is, regulatory documents 
versus scientific publications. For example, regarding the 
inclusion of women in the trials for the treatment with 
remdesivir and dexamethasone, the first explanation is 
plausible; the percentage of women hospitalised due to 
COVID- 19 is lower than the percentage of men23 which 
results in a lower percentage of women expected to be 
included in the trials of medicines for the treatment 
of these patients. Regarding the second explanation, 
in spite of the increasing attention to sex and gender, 
exemplified by, for instance, the introduction of the 
Sex and Gender Equity in Research guidelines to stim-
ulate a more systematic approach of reporting sex and 
gender in research papers,27 publications on COVID- 19 
and in various other fields28–30 often still lack sex- specific 
information. It is reassuring that our review shows that 
sex- specific information was collected and is available 
in the documents used in the evaluation of most of the 
COVID- 19 products for marketing approval. This aligns 
with a previous study showing that sex- specific information 
is also available in these documents of medicinal prod-
ucts for other diseases.18 More attention to sex- specific 
safety information of the COVID- 19 medicinal products 

Table 3 Percentage of trial participants with any AEs or 
SAEs of remdesivir, BNT162b2 mRNA (BioNTech/Pfizer) and 
Ad26.COV2- S (Janssen)

Women Men P value

remdesivir (study 5774)*

Any AEs

  RDV 5 days 59.7 44.7 0.042

  RDV 10 days 56.0 54.2 0.810

  SOC 49.3 42.4 0.340

Any SAEs

  RDV 5 days 2.6 5.3 0.367

  RDV 10 days 2.7 4.2 0.569

  SOC 5.3 11.2 0.160

BioNTech/Pfizer

Any AEs

  Vaccine 29.5 24.5 <0.001

  Placebo 13.2 11.9 0.011

Any SAEs

  Vaccine 0.5 0.6 0.385

  Placebo 0.4 0.5 0.582

Janssen

Any SAEs

  ≥1 SAE vaccine 0.4 0.4 0.353

  ≥1 SAE placebo 0.6 0.7 0.492

*Data from the confidential marketing authorisation application 
dossier.
AE, adverse event; RDV, remdesivir; SAE, serious adverse event; 
SOC, standard of care.
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is, however, appropriate since this information was at this 
stage available for half of the products only. The finding 
of the previous review of marketing authorisation appli-
cation dossiers showing that sex- specific safety informa-
tion was available for all of the assessed other medicinal 
products18 highlights the importance regulators give to 
the presentation of sex- specific information. Our review 
showed that not all this information is available yet for 
the COVID- 19 products which may be explained by the 
public health emergency. Considering the relevance, it is 
expected that eventually for all licensed COVID- 19 prod-
ucts, sex- specific data will be made available.

Although the EMA considers the SmPCs as the main 
source of product information for healthcare profes-
sionals, our study showed that SmPCs provide only some 
general sex- specific efficacy information and no sex- 
specific safety information. This is in line with regulators’ 
review guidelines that emphasise the importance to assess 
consistency of effects across subgroups, but that when 
consistency is observed in subgroups, such as in women 
and men, it is usually not necessary to document this in 
the SmPC.31 Whether information about such consis-
tency in subgroups should still be structurally reported 
in SmPCs is a matter of debate. On the other hand, our 
review showed that the available sex- specific efficacy 
and safety information is publicly available for most of 
the assessed products in other documents, that is, the 
EPARs and clinical data on the EMA website. It is recom-
mended to communicate widely about the availability of 
sex- specific information in these other publicly available 
sources to, for example, healthcare professionals, policy 
makers, patients and researchers.

Based on the data presented in our study, there is 
no clear reason to assume that there are relevant sex 
differences in the efficacy and safety of the evaluated 
COVID- 19 products. For the BioNTech/Pfizer vaccine, 
a higher rate of AEs is observed in women compared 
with men; however, this was observed both in the vaccine 
group and the placebo group, suggesting that this is not a 
vaccine effect per se. With regard to efficacy, small differ-
ences are observed, suggesting higher efficacy in men; 
however, these are not significant and may be due to 
chance. Other publications suggest, however, that there 
are indications of possible sex differences. For instance, 
a meta- analysis combining clinical trials of different 
types of COVID- 19 vaccines concludes that although 
effective in both men and women, the overall efficacy 
might be higher in men.32 This meta- analysis does not 
address the relevance of the observed differences, and 
as can be observed in figure 2, the clinical relevance 
of the observed differences, which were small and not 
significant in individual trials, may be debated. The rare 
events of anaphylaxis after vaccination with BioNTech/
Pfizer and Moderna,33 both mRNA vaccines, and throm-
bosis combined with thrombocytopenia after vaccina-
tion with AstraZeneca34 and Janssen,35 both adenoviral 
vector vaccines, were (initially) mostly seen in women. 
Various factors may explain the observed difference 

between the results from the RCTs presented in our 
study and the additional follow- up ‘real world’ studies. 
A first factor relates to the size and representativeness 
of the included population. Although tens of thousands 
of people were included in the phase III clinical trials, 
they are still a small and selected sample of the overall 
population. For instance, as is the standard for clinical 
trials prior to the marketing authorisation of medicines, 
COVID- 19 vaccine trials have excluded pregnant and 
lactating women,36 and these trials did show an under- 
representation of the elderly.37 A second factor relates 
to methodological and statistical aspects. For instance, 
subgroup analyses are likely to be underpowered since 
the trials are usually powered for testing the overall 
effects only.38 Moreover, besides sex, also several other 
subgroups are relevant when evaluating the treatment 
effects in COVID- 19, such as age groups37 and groups 
based on different body mass index levels.39 To compli-
cate matters further, there may be value in assessing 
interactions between subgroups, for example, between 
sex and age,40 as well as considering other sex- specific 
endpoints, for example, menstrual period changes,41 
and causes of differences between men and women in 
treatment and vaccine effects. An example of the latter is 
assessing sex- related (eg, genes, hormones) and gender- 
related (eg, diet) explanations for differences in vaccine 
effects on immunogenicity.42–44

It is clear that it will not be possible to answer all the 
questions before a treatment or vaccine is marketed. 
As nicely summarised by Eichler et al45: ‘RCTs can only 
answer a minuscule fraction of the near- infinite number 
of questions about subpopulations, interactions, treat-
ment settings, effects, etc., that are relevant to patients 
and healthcare professionals at the point of care.’ Further 
analyses and postmarketing studies using real- world data 
will be required to answer additional questions. Besides 
the full clinical reports, the EMA intends to also publish 
the individual, anonymised patient data of the marketed 
products in the future,46 making an extra effort for the 
development of medicinal products in COVID- 19.47 Such 
data can be used to further examine specific research 
questions or make more personalised predictions on the 
effects of a treatment or vaccine.

To summarise, our review of regulatory documents 
showed that there is no structural under- representation 
of women in the trials of the assessed COVID- 19 prod-
ucts. Sex- specific efficacy and safety information is avail-
able for respectively five and three of the six assessed 
products. It is important that this information will also 
be made available for the other products. Most of the 
information can be found in the publicly available EPARs 
and clinical data on the EMA website. More awareness of 
these data sources might be required. The available data 
do not suggest that there are clinically relevant differ-
ences in efficacy and safety between men and women 
but limitations of clinical trials in general require further 
assessment of possible sex differences.
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Supplementary Material 
 

Supplementary Table 1. Details about the available sex-specific information in the A) Summary of Product Characteristics, B) European Public Assessment Reports, and C) 

Publicly available clinical data at the EMA website 

 Sex proportionality Sex-specific efficacy information  Sex-specific numerical efficacy 

data 

Sex-specific safety  information Sex-specific numerical 

safety data 

A) Summary of Product Characteristics 

remdesivir Sixty-four percent were male. - - - - 

dexamethasone 36% of the patients were female - - - - 

BNT162b2 mRNA 

(BioNTech/ Pfizer) 

- subgroup analyses of the primary efficacy 

endpoint showed similar efficacy point estimates 

across genders, ethnic groups, and participants 

with medical comorbidities associated with high 

risk of severe COVID-19 

- - - 

mRNA-1273 (Moderna) The PPS study population included 

47·4% female, 52·6% male, 79·5% 

White, 9·7% African American, 4·6% 

Asian, and 6·2% other 

subgroup analyses of the primary efficacy 

endpoint showed similar efficacy point estimates 

across genders, ethnic groups, and participants 

with medical comorbidities associated with high 

risk of severe COVID-19 

- - - 

ChAdOx1-S 

(AstraZeneca) 

Pooled data COV002 and COV003: 

55·1% of subjects were female 

- - - - 

Ad26. COV2-S (Janssen) In the primary efficacy analysis 

population [..]; 44·3% of individuals 

were female 

Subgroup analyses of the primary efficacy 

endpoint showed similar efficacy point estimates 

for male and female participants 

- - - 

B) European Public Assessment Reports 

remdesivir Study 5776 (pivotal study)  

Male sex    

All subjects: 64·30% 

remdesivir subjects: 65·10% 

Placebo subjects: 63·60% 

 

Males are over-represented, similar 

to the real-life population 

hospitalised with COVID-19. 

 

Study 5773  

Male sex 5-day group: 60% 

Male sex 10-day group: 68% 

 

Study 5774  

Male RDV for 5 days: 59.70% 

Female RDV for 5 days: 40·30% 

Male RDV for 10 days: 61·10% 

Female RDV for 10 days: 38·90% 

Male SOC: 62·50% 

Female SOC: 37·50% 

- Recovery rate ratio  

Male: 1·31 (1·07-1·59) 

Female: 1·38 (1·05-1·81) 

- - 
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Male total: 61·10% 

Female total: 38·90% 

 

Study 5758: "as anticipated, there is a 

higher proportion of men than 

women" 

dexamethasone 36% of the patients were female. 

Dexamethasone: 36% females 

Usual care: 36% females 

The following subgroups were examined […] Sex 
(Male; Female) 

 

Men had a better response (rate ratio 0·80 (0·71-

0·91)) compared to females (rate ratio 0·90 (0·74-

1·09), however, this may be due to sample size as 

more men were included in this analysis 

compared to woman and a differential outcome 

would not be expected 

Rate ratio: 

Men: 0·80 (0·71-0·91) 

Women: 0·90 (0·74-1·09) 

- - 

BNT162b2 mRNA 

(BioNTech/ Pfizer) 

Study C4951001: 

Vaccine:  

9318 (51·1)/  

8924 (48·9) 

 

Placebo: 

9225 (50·2)/  

9154 (49·8) 

 

A balanced distribution is seen 

regarding gender (51% male, 49% 

female).  

 

 

 

gender did not impact efficacy 

 

For both primary endpoints, no clinically 

meaningful differences in VE by subgroup were 

observed by age group, country, ethnicity, sex, or 

race in the dose 2 evaluable efficacy population. 

Efficacy was consistent across relevant subgroups. 

 

The observed VE in each subgroup as defined by 

age, sex, race/ethnicity, country, obese subjects, 

and subjects at risk due to comorbidities, was 

overall consistent with the effectiveness of 

BNT162b2 to protect vaccinees against the 

disease 

 

The VE in each demographic subgroup analysed, 

as defined by age, sex, race, ethnicity, and country 

and in individuals with comorbidities including 

obesity, diabetes, hypertension and 

cardiopulmonary diseases was >90% 

 

 

First COVID-19 occurrence from 7 

days after dose 2 – subjects without 

evidence of infection prior to 7 days 

after dose 2: 

VE % (95% CI) 

Males: 96·4 (88·9, 99·3) 

Females: 93·7 (84·7, 98·0) 

 

First COVID-19 occurrence from 7 

days after dose 2 – subjects with or 

without evidence of infection prior 

to 7 days after dose 2: 

VE % (95% CI) 

Males: 95·3 (87·6, 98·8) 

Females: 93·9 (85·2, 98·1) 

No clinically meaningful 

differences in AEs were observed 

by age, country, ethnicity, gender 

and race subgroups. 

 

There were no clinically 

meaningful differences in the 

safety population by age group, 

baseline SARS-CoV-2 status, 

ethnicity, race, or sex. 

 

no clinically meaningful 

differences in SAEs were 

observed by age, baseline SARS-

CoV-2 status, ethnicity, race or 

sex subgroups. 

 

For subjects with a follow-up of 

≥2 months, SAE were reported at 
a low frequency (0·5-0·6%) in 

both the vaccine and the placebo 

group, with no clinically 

meaningful differences by age, 

baseline serostatus, ethnicity, 

race or sex. 

- 

mRNA-1273 (Moderna) Study mRNA-1273-P301: 

Vaccine:  

7366 (52·1)/ 6768 (47·9) 

 

Placebo:  

7462 (53·0)/ 6611 (47·0) 

 

Subgroup analyses were predefined for a range of 

important subgroups based on risk factors, age, 

sex and race 

 

 

COVID-19 cases 14 Days After Dose 

2 per Adjudication Committee 

Assessments – PP Set, primary 

efficacy analysis, Data cut-off: 21 

November 2020: 

VE % (95% CI) 

Males: 95·4 (87·4, 98·3) 

Females: 93·1 (85·2, 96·8) 

- - 
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ChAdOx1-S 

(AstraZeneca) 

Males and female proportions were 

near 50%. 

 

Regarding sex, the female proportion 

in the SD/SD group is 59·4% and 

64·8% in the LD/SD group. 

 

Overall, in the safety population, 

55·8% were female, 44·1% were male 

 

Approximately 55% were female 

 

55.3% were female 

-  

Additional subgroups that may be explored include 

but are not limited to:  

• Gender (male, female) 

- - Additional subgroups that may 

be explored include but are not 

limited to:  

• Gender (male, female) 

- 

Ad26. COV2-S (Janssen) FAS: The proportion of females was 

44·9% vs 45·2% in the vaccine vs the 

placebo arm. 

 

PP: The proportion of females was 

44·3% vs 44·6% in the vaccine vs the 

placebo arm. 

 

In the Ad26 5x10
10

 group (FAS) 

regarding the main trial COV3001, 

there were 12,071 males (55·1%) and 

9,820 females (44·9%). 

- Vaccine Efficacy of First Occurrence 

of Molecularly -Confirmed 

Moderate to Severe/Critical COVID-

19  

PP: 

Onset at least 14 days: 

VE % (95% CI) 

Males: 67·6 (56·31, 76·28)  

Females: 66·1 (53·92, 75·33) 

 

Onset at least 28 days: 

VE % (95% CI) 

Males: 68·4 (52·89, 79·36) 

Females: 63·5 (45·01, 76·26)  

 

 

 

In the safety subset, the 

frequencies of subjects with local 

and systemic solicited AEs were 

higher in females compared to 

males in the Ad26.COV2.S group 

only (differences not observed in 

the placebo group) 

 

ADRs reported more frequently 

in females compared to males. 

In the Ad26.COV2.S 

group, the frequency of 

local solicited AEs was 

higher in female (54·5%) 

compared to males 

(46·2%). 

 

In the Ad26.COV2.S 

group, the frequency of 

systemic solicited AEs 

was also higher in 

female (59·9%) 

compared to males 

(50·7%)  

 

No major differences are 

observed for the grade 3 

local solicited events 

(1% in females vs. 0·4% 

in males). 

C) Publicly available clinical data at the EMA website 

remdesivir N/A 

dexamethasone - Men had a better response (rate ratio 0·80 (0·71-

0·91)) compared to females (rate ratio 0·90 (0·74-

1·09)), however, this may be due to sample size as 

more men were included in this analysis compared 

to women and a differential outcome would not 

be expected. 

Rate ratio  

Men: 0·80 (0·71-0·91) 

Women: 0·90 (0·74-1·09) 

- - 

BNT162b2 mRNA 

(BioNTech/ Pfizer) 

Subjects without evidence of 

infection prior to 7 days after dose 2 - 

evaluable efficacy (7 days) population 

Comirnaty: 48·9 

Placebo: 49·8 

 

~38000 subjects for phase 2/3 

Observed VE was >90% across subgroups 

identified by age, sex, race, ethnicity, and country. 

 

Among participants without prior evidence of 

SARS-CoV-2 infection, VE was >93% in all 

subgroups, with the exception of "all others" race 

group, Brazil. 

Vaccine efficacy – first COVID-19 

occurrence from 7 days after dose 

2, by subgroup – subjects without 

evidence of infection prior to 7 

days after dose 2 – Evaluable 

efficacy (7 days) population 

Male: 96·4% (88·9, 99·3) 

The vaccine appears to be safe 

and well-tolerated across the 

safety population and across 

demographic characteristics of 

age, sex, race, ethnicity, and 

baseline SARS-CoV-2 status.  

 

Male   

Any AE:  

Comirnaty: 2356/9602 

(24·5%) 

Placebo: 1121/9399 

(11·9%) 

Any serious AE:  
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analysis - safety population 

Comirnaty: 48·9 

Placebo: 49·9 

 

participants were balanced 

approximately 50/50 for sex. 

 

 

 

 

Female: 93·7% (84·7, 98·0) 

 

 

Among the 37,586 participants, 

no clinically meaningful 

differences in AEs by category 

were observed by age, sex, race, 

ethnicity, or baseline SARS-CoV-2 

status subgroups. 

 

Among the 37,586 participants 

with a median of 2 months of 

safety follow-up after Dose 2, no 

clinically meaningful differences 

in AE frequencies were observed 

by age, sex, race, ethnicity, or 

baseline SARS-CoV-2 status 

subgroups.  

 

Among the 37,586 participants 

with a median of 2 months of 

safety follow-up after Dose 2, no 

clinically meaningful differences 

in SAEs were observed by age, 

sex, race, ethnicity, or baseline 

SARS-CoV-2 status subgroups.  

Comirnaty: 57/9602 

(0·6%) 

Placebo: 43/9399 (0·5%) 

 

Female   

Any AE:   

Comirnaty: 2715/9199 

(29·5%) 

Placebo: 1235/9386 

(13·2%) 

Any serious AE: 

  

Comirnaty: 46/9199 

(0·5%) 

Placebo : 38/9386 

(0·4%) 

mRNA-1273 (Moderna) PPS:  

Female: Vaccine: 47·9%; Placebo: 

47·0% 

Male: Vaccine: 52·1%; Placebo: 53·0% 

 

FAS: 

Female: Placebo: 46·9%; Vaccine: 

47·8% 

Male: Placebo: 53·1%; Vaccine: 52·2% 

The efficacy of mRNA-1273 for the primary efficacy 

endpoint was consistent across major 

demographic and baseline characteristic 

subgroups: […], sex.  

VE - COVID-19 14 days after dose 2 

per adjudication committee 

assessments (primary efficacy 

analysis set) - PPS  

Females: 93·10% (85·2, 96·8) 

Males: 95·40% (87·4, 98·3) 

 

VE of mRNA-1273 to prevent 

COVID-19 based on adjudication 

committee assessments starting 14 

days after second injection - PPS  

Males: 0·954 (0·874, 0·983) 

Females: 0·931 (0·852, 0·968) 

- - 

ChAdOx1-S 

(AstraZeneca) 

N/A 

Ad26. COV2-S (Janssen) N/A 

AE = Adverse event; SAE = Serious adverse event; SOC = Standard of care; FAS = Full Analysis Set; PP = Per protocol; PPS = Per protocol set; SD = Standard dose; SD/SD = two 

standard doses; LD/SD = a low dose as first 
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