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INTRODUCTION
The COVID-19 pandemic has brought to 
the fore the implications of sex and gender 
differences to human health and well- being.1 
Evidence to date indicates that men are at 
higher risk of severe disease and death than 
women, while women seem more likely 
to suffer from long- term COVID-19, and 
experience negative social and economic 
impacts.2 3 Biological sex as well as gender 
roles and behaviours can affect exposure to 
the virus and influence the prevalence of 
pre- existing conditions or harmful habits.4 
Incorporating sex and gender considerations 
into clinical research on COVID-19 from 
the outset would help to identify differential 
patterns of risk, underlying reasons for dispa-
rate outcomes and to develop interventions 
to effectively respond to the various needs of 
women and men.5 Given the growing recog-
nition of the relevance of sex and gender in 
the COVID-19 pandemic, the rationale for 
this analysis was to examine whether these 
dimensions are taken into account in clinical 
research on COVID-19.

We carried out a systematic review of 
COVID-19 research to examine how sex and 
gender are integrated and reported using the 
Sex and Gender Equity in Research (SAGER) 
guidelines recommendations as analytical 
categories.6 A PubMed search for interven-
tional and observational trials on COVID-
19, published from 1 December 2019 to 12 
September 2020 resulted in 2066 studies. 
PubMed was chosen for offering the most 
comprehensive and up- to- date database of 
clinical studies on COVID-19.7

Our inclusion criteria were interventional 
or observational clinical studies the primary 
objective of which was related to COVID-19. 
Studies that did not focus on COVID-19 as an 
endpoint, commentaries, reviews, preprints, 

case studies and studies that had less than 10 
participants were excluded. After screening 
the titles and abstracts, 1178 articles were 
excluded for not meeting the inclusion 
criteria. Of the 888 remaining articles, 816 
were observational studies and 72 were inter-
ventional trials. Among the 816 observational 
studies, a 10% sample, that is, 82 articles, 
was randomly selected. The random selec-
tion ensured the representativeness of the 
sample of the retrieved observational studies, 
while ensuring a feasible number of papers to 
review. The full text of the 82 observational 
studies and the 72 interventional trials was 
reviewed, and 11 and 17 articles, respectively, 
were excluded for not meeting the inclusion 
criteria, for which the justifications are found 
in online supplemental material 1.

Overall, data were extracted from a total 
of 126 articles: 55 interventional (five on 
vaccines, 50 on COVID-19 treatments) 
and 71 observational studies. We extracted 
data on the number of participants and 
the percentage of female participants, and 
the adherence to the SAGER guidelines 

Summary box

 ► Women are under- represented as research partici-
pants in most interventional and observational stud-
ies on COVID-19.

 ► Main outcome data from interventional and obser-
vational studies are rarely reported disaggregated 
by sex.

 ► Sex and gender differences are inadequately exam-
ined in the analysis of the data.

 ► Lack of sex and gender analysis are seldom justified, 
and gender implications rarely discussed.

 ► There is a renewed rationale for strengthening the 
reporting of sex and gender dimensions in clini-
cal research using the Sex and Gender Equity in 
Research guidelines.
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categories of data disaggregation, and sex- gender based 
analysis. See our data extraction table in online supple-
mental materials 2. One- sided Fisher’s Exact Test was 
used for statistical analysis of female participation, as it is 
more accurate than other tests for assessing the relation-
ship between two variables in small samples. The level of 
significance was set at p<0.05.

RECOGNISING THE IMPORTANCE OF SEX AND GENDER
In line with the SAGER guidelines, we first examined 
title, abstract and introduction. Among five single sex 
studies, four observational studies were on pregnancy as 
indicated in the title and abstract. One article focused 
on young males and highlighted the single- sex nature 
of the study in the title but did not justify the exclu-
sion of women. Although sex and gender differences of 

COVID-19 have been reported, none of the clinical trials 
and only four observational studies (6%) reflected this in 
their introductions (table 1).

UNDER-REPRESENTATION OF WOMEN IN CLINICAL RESEARCH
The SAGER guidelines recommend reporting how sex 
and gender were considered in the study design and 
encourages gender balance, or a justification for exclu-
sion of one gender. None of the interventional or obser-
vational studies mentioned how sex or gender were 
considered in recruitment strategies or justified differing 
rates of women and men.

Overall, the mean proportion of women in our studies 
was 43% (figure 1). Only 31% of the studies were gender 
balanced, defined as 45%–55% female participation. 
A majority of studies (57%) reported lower than 45% 

Table 1 Adherence to SAGER guidelines by study type

SAGER guidelines recommendations

Type of study

Interventional 
trials %

Observational 
trials %

Introduction: sex and gender differences in the infection, manifestation, or 
outcomes of COVID-19 should be acknowledged in the introduction.

0/55 0 4/71 6

Methodology1: papers should report how sex and gender were taken into 
account in the design of the study.

0/55 0 0/71 0

Methodology2: papers should justify reasons for the exclusion, or differing 
numbers, of males or females.

0/55 0 0/71 0

Results: ‘Sex- and gender- based analyses should be reported regardless of 
positive or negative outcome’.6 Articles should note if there is a difference 
between sexes or genders, or if there is no difference, in their results.

2/55 4 12/71 17

Discussion: what the results of the study mean for women and men should be 
analysed in the discussion section

1/55 2 12/71 17

Generalisability: if a sex and gender analysis is not done, then this should be 
justified or addressed in relation to the generalisability of the results.

0/55 0 2/71 8

SAGER, Sex and Gender Equity in Research.

Figure 1 Female participation by study type and intervention type.
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women. A small proportion of studies (12%) had an 
over representation of women (>55%). There was no 
significant difference observed between interventional 
and observational studies (p=0.693), nor between large 
(>median; n=102 and n=154 for observational and 
interventional studies, respectively) and small studies 
(p=0.436). Vaccine studies were more likely than treat-
ment trials (p=0.038) to have better gender balance.

None of the studies justified under- representation 
or over- representation of women. In observational 
studies, most of which recruited participants in hospital 
settings, the over- representation of men may reflect the 
corresponding higher rate of hospitalisation among 
men. In clinical trials, where recruitment and sampling 
strategies are designed by researchers, women’s under- 
representation suggests gender- related barriers to 
women’s participation, or a lack of attention by the 
researchers to equal recruitment into the study.

We noted that pregnant women were ineligible for all 
the interventional trials in our sample and only included 
in four observational studies. This represents a persistent 
trend where pregnant women are excluded from clinical 
studies. However, such exclusion puts women and the 
fetus at greater risk as they may not benefit from treat-
ment and vaccination due to insufficient data on safety 
and efficacy during pregnancy.8 9

DATA DISAGGREGATION BY SEX AND GENDER ANALYSIS
The SAGER guidelines advise that outcome data and data 
on participant withdrawals should be routinely disaggre-
gated by sex, and that sex- based and gender- based anal-
yses should be reported regardless of positive or negative 
outcome.

Out of 121 studies that were eligible to both women 
and men, only eight studies (7%) (seven observational 
and one interventional) disaggregated their main 
outcome data by sex. Only four observational studies 
disaggregated their main outcome data by age and sex 
concurrently.

Of 14 interventional trials that reported participant 
discontinuations, none provided the data by sex. While 
this may be due to small number of dropouts, this trend 
renders it difficult to investigate possible sex- related 
or gender- related reasons for discontinuation, such as 
greater or more serious adverse effects or the inconve-
nience of participating in the study.

A majority (89%) of studies did not mention whether or 
not sex or gender differences were analysed or observed. 
Only 14 studies (11%) (12 observational and two inter-
ventional trials) included an analysis of sex differences 
in their results. All of these studies noted a difference 
between women and men, either in the differing numbers 
of women and men in the hospital settings, or whether 
being female or male were associated with differing 
disease outcomes. One clinical trial noted different 
responses between women and men to a vaccination. 
While the numbers were low, observational studies were 

more likely than interventional trials to include sex or 
gender in their results sections (p=0.022). In studies that 
identified differences between women and men, there 
was an inadequate analysis of the underlying mechanism, 
and generally, there was a lack of analysis of gender- 
related factors in the studies, despite gender being an 
influential factor on risk, exposure and outcome.

While studies may not be sufficiently powered to allow 
meaningful subgroup analysis, the SAGER guidelines 
recommend integration of these dimensions at the onset 
and in the design of the studies to enable meaningful 
analysis. Regardless, making outcome data available 
disaggregated by sex is important to allow systematic 
reviews and meta- analyses, or reveal trends that merit 
further investigation.

DISCUSSION OF GENDER IMPLICATIONS
The SAGER guidelines further recommend authors to 
discuss potential implications of sex and gender on the 
study results and ‘discuss the implications of the lack of 
such analysis on the interpretation of the results’.6 Thir-
teen studies (10%) (one interventional and 12 observa-
tional) mentioned sex or gender in their ‘Discussion’ 
sections, with observational studies more likely than 
interventional trials to do so (p=0.006). The implications 
were discussed in terms of suggested future research 
(three studies), or comparing results to previous find-
ings, either confirming (seven studies) or refuting noted 
differences (three studies).

A RENEWED RATIONALE FOR THE SAGER GUIDELINES
Our analysis confirms previous reports that have revealed 
inadequate reporting of sex disaggregated data and 
gender analysis in academic publications. In 2016, Avery 
and Clark examined 54 clinical trials published in pres-
tigious medical journals and noted a similar level (41%) 
of female participation. While they noted a higher share 
(48%) of trials reporting sex- related analyses than our 
analysis, they noted that only 5% of the trials discussed any 
sex differences in the discussion section. A more recent 
article on cardiovascular interventional trials report that 
among articles published in 2017, only 23.5% included 
sex- specific efficacy endpoints and 8.6% sex- specific 
safety outcomes. This represents a decline since 2010 
when the corresponding figures were 34.4% and 11.1%, 
respectively.10 In a recent systematic review by Brady et al 
of COVID-19 registered studies, only 4.1% mention sex 
and/or gender in the analysis, with only ‘20 of the 1381 
interventional trials planning to consider sex as a variable 
upon analysis’.11 This analysis confirms the persistent 
lack of consideration for sex and gender at the planning 
stages of clinical trials on COVID-19 and in reporting. A 
recent report of the adverse effects following the admin-
istration of the Pfizer- BioNTech COVID-19 Vaccine in 
the USA reveals that more than 90% of anaphylaxis and 
non- anaphylaxis allergic reactions occurred in women, 
illustrating the importance of capturing these trends 
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during clinical trials.12 Similar trends have been reported 
following the administration of the Moderna vaccine.

The low levels of adherence to the SAGER guidelines 
are in stark contrast to commitments to the SAGER guide-
lines and gender sensitive reporting by some leading jour-
nals, such as The British Medical Journal Global Health, The 
Lancet and The Journal of the American Medical Association. 
The gender blind reporting is particularly worrisome 
in the context of COVID-19, when scientific articles are 
being produced in an unprecedented volume and speed 
and risk generating biased and incomplete evidence that 
can hamper more tailored and effective response.11 13–15

These results are disappointing given the growing 
number of recent efforts to address the gender data gap 
in research and reporting practices. The SAGER guide-
lines were developed in 2016 as a tool for researchers, 
reviewers and editors to address the gender bias in 
research and reporting.6 Editors can play an important 
role encouraging researchers to conduct exploratory 
subgroup analysis ‘in response to reviewer and editorial 
comments’, to make sex disaggregated data available16 
and to integrate sex and gender dimentions in to future 
reserach design.16

The SAGER guidelines have been widely cited, endorsed 
and adopted by publishers, such as Springer and Elsevier 
and an increasing number of journals, including those 
that have published some of the COVID-19 clinical trials 
in this systematic review.17 18 However, these commitments 
have not yet translated into systematic implementation 
or routine requirements by journals. By implementing 
the SAGER guidelines, editors could be instrumental in 
improving the reporting of sex and gender dimensions.

Despite the growing evidence illustrating important 
differences in health outcomes for women and men, 
sex and gender differences in COVID-19 interventional 
or observational studies are inadequately examined 
and reported. This highlights the necessity of renewing 
our commitment to the SAGER guidelines and working 
towards more gender sensitive research and reporting 
practices. This will ensure that research- based health 
interventions are equally safe and effective for women 
and men.
Twitter Shirin Heidari @heidari_s

Acknowledgements We thank Dr Alec Ross for his in- depth statistical knowledge, 
and advice.

Contributors SH designed the research with input from AP- R and PVO. AP- R 
collected and analysed the data and wrote the first and subsequent drafts. SH and 
PVO reviewed and provided substantial input into the analysis and the manuscript.

Funding PVO is supported by the European Union’s Horizon 2020 research and 
innovation programme under grant agreement num. 872396 and by the National 
Institute for Health Research (NIHR) Oxford Biomedical Research Centre, grant 
BRC-1215-20008 to the Oxford University Hospitals National Health Service (NHS) 
Foundation Trust and the University of Oxford.

Competing interests SH is the founding chair of the Gender Policy Committee 
(GPC) of European Association of Science Editors (EASE), where she led the 
development and publication of the SAGER guidelines. She is the chair of and PVO 
is a member of the SAGER Guidelines Working Group of EASE GPC.

Patient consent for publication Not required.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement All data relevnat to the study are included in the 
article or uploaded as supplementary information.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Alice Palmer- Ross http:// orcid. org/ 0000- 0003- 3603- 3157
Pavel V Ovseiko http:// orcid. org/ 0000- 0002- 3504- 2177
Shirin Heidari http:// orcid. org/ 0000- 0002- 6837- 491X

REFERENCES
 1 Heidari S, Ahumada C, Kurbanova Z, et al. Towards the real- 

time inclusion of sex- and age- disaggregated data in pandemic 
responses. BMJ Glob Health 2020;5:e003848.

 2 Peckham H, de Gruijter NM, Raine C, et al. Male sex identified by 
global COVID-19 meta- analysis as a risk factor for death and ITU 
admission. Nat Commun 2020;11:6317–10.

 3 Sudre C, Murray B, Varsavsky T. Attributes and predictors of Long- 
COVID: analysis of COVID cases and their symptoms 2 collected by 
the Covid symptoms study app. medRxiv 2020.

 4 Krieger N, Chen JT, Waterman PD. Excess mortality in men and 
women in Massachusetts during the COVID-19 pandemic. Lancet 
2020;395:1829.

 5 Bischof E, Oertelt- Prigione S, Morgan R, et al. Towards precision 
medicine: inclusion of sex and gender aspects in COVID-19 clinical 
studies—acting now before it is too late—a joint call for action. Int J 
Environ Res Public Health 2020;17:3715–20.

 6 Heidari S, Babor TF, De Castro P. Sex and gender equity in research: 
rationale for the SAGER guidelines and recommended use. Res 
Integr Peer Rev 2016;1:1–9.

 7 Chen Q, Allot A, Lu Z. LitCovid: an open database of COVID-19 
literature. Nucleic Acids Res 2021;49:D1534–40.

 8 Krubiner CB, Faden RR, Karron RA, et al. Pregnant women & 
vaccines against emerging epidemic threats: Ethics guidance for 
preparedness, research, and response. Vaccine 2021;39:85–120.

 9 Heath PT, Le Doare K, Khalil A. Inclusion of pregnant women in 
COVID-19 vaccine development. Lancet Infect Dis 2020;20:1007–8.

 10 Schreuder MM, Boersma E, Kavousi M, et al. Reporting of sex- 
specific outcomes in trials of interventions for cardiovascular 
disease: has there been progress? Maturitas 2021;144:1–3.

 11 Brady E, Nielsen MW, Andersen JP. Lack of consideration of sex and 
gender in clinical trials for COVID-19. medRxiv 2020;31.

 12 CDC COVID-19 Response Team. Allergic reactions including 
anaphylaxis after receipt of the first dose of Pfizer- BioNTech 
COVID-19 vaccine — United States, December 14 – 23, 2020.. Morb 
Mortal Wkly Rep 2021;70:19–24.

 13 Lancet T. Taking sex into account in medicine. Lancet 
2011;378:1826.

 14 Bauchner H. Instructions to Authors [Internet]. JAMA, 2020. https:// 
jamanetwork. com/ journals/ jama/ pages/ instructions- for- authors# 
SecE QUAT ORRe port ingG uide lines

 15 Peters SAE, Norton R. Sex and gender reporting in global health: 
new editorial policies. BMJ Glob Health 2018;3:e001038.

 16 Voysey M, Clemens SAC, Madhi SA, et al. Safety and efficacy of 
the ChAdOx1 nCoV-19 vaccine (AZD1222) against SARS- CoV-2: an 
interim analysis of four randomised controlled trials in Brazil, South 
Africa, and the UK. The Lancet 2021;397:99–111.

 17 Springer Nature. Editorial Policies - Sex and Gender in Research 
(SAGER Guidelines). Springer, 2020.

 18 Miles J. The importance of sex and gender reporting. Elsevier, 2020.

https://twitter.com/heidari_s
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3603-3157
http://orcid.org/0000-0002-3504-2177
http://orcid.org/0000-0002-6837-491X
http://dx.doi.org/10.1136/bmjgh-2020-003848
http://dx.doi.org/10.1038/s41467-020-19741-6
http://dx.doi.org/10.1101/2020.10.19.20214494
http://dx.doi.org/10.1016/S0140-6736(20)31234-4
http://dx.doi.org/10.3390/ijerph17103715
http://dx.doi.org/10.3390/ijerph17103715
http://dx.doi.org/10.1186/s41073-016-0007-6
http://dx.doi.org/10.1186/s41073-016-0007-6
http://dx.doi.org/10.1093/nar/gkaa952
http://dx.doi.org/10.1016/j.vaccine.2019.01.011
http://dx.doi.org/10.1016/S1473-3099(20)30638-1
http://dx.doi.org/10.1016/j.maturitas.2020.09.007
http://dx.doi.org/10.1101/2020.09.13.20193680
http://dx.doi.org/10.1016/S0140-6736(11)61795-9
https://jamanetwork.com/journals/jama/pages/instructions-for-authors#SecEQUATORReportingGuidelines
https://jamanetwork.com/journals/jama/pages/instructions-for-authors#SecEQUATORReportingGuidelines
https://jamanetwork.com/journals/jama/pages/instructions-for-authors#SecEQUATORReportingGuidelines
http://dx.doi.org/10.1136/bmjgh-2018-001038
http://dx.doi.org/10.1016/S0140-6736(20)32661-1

	Inadequate reporting of COVID-19 clinical studies: a renewed rationale for the Sex and Gender Equity in Research (SAGER) guidelines
	Introduction
	Recognising the importance of sex and gender
	Under-representation of women in clinical research
	Data disaggregation by sex and gender analysis
	Discussion of gender implications
	A renewed rationale for the SAGER guidelines
	References


