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Lack of consideration of sex and gender in
COVID-19 clinical studies
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Sex and gender differences impact the incidence of SARS-CoV-2 infection and COVID-19
mortality. Furthermore, sex differences influence the frequency and severity of pharmaco-
logical side effects. A large number of clinical trials to develop new therapeutic approaches
and vaccines for COVID-19 are ongoing. We investigated the inclusion of sex and/or gender
in COVID-19 studies on ClinicalTrials.gov, collecting data for the period January 1, 2020 to
January 26, 2021. Here, we show that of the 4,420 registered SARS-CoV-2/COVID-19 stu-
dies, 935 (21.2%) address sex/gender solely in the context of recruitment, 237 (5.4%) plan
sex-matched or representative samples or emphasized sex/gender reporting, and only 178
(4%) explicitly report a plan to include sex/gender as an analytical variable. Just eight
(17.8%) of the 45 COVID-19 related clinical trials published in scientific journals until
December 15, 2020 report sex-disaggregated results or subgroup analyses.
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vailable data point towards an increased risk of mortality

for male patients with COVID-19 worldwide compared to

female patients!. This could be related to intrinsic sex
differences in the immune reaction? or specific characteristics of
the SARS-CoV-2 infectious process. The virus connects to the
ACE2 receptor, which is encoded on the X chromosome and co-
engages a serine protease — TMPRSS2 - that appears to be
hormone-sensitive. Reports also highlight the role of the innate
immune response in the fight against the virus; specifically of
TLR-74, which is also encoded on the X chromosome. TLR-7 has
been previously described as a relevant modulator of sex-specific
differences in anti-viral immunity®. The investigation of sex dif-
ferences could provide essential insights into COVID-19 patho-
physiology and possibly aid the identification of effective
interventions. In addition to the study of sex differences, gender-
sensitive analysis is warranted®. Gender, a multidimensional
variable describing identity, norms and relations between
individuals’, can influence access to testing, diagnosis, medical
care, and pharmacological treatments, and significantly affect the
availability of social, economic, and logistic support®. Gender can
also influence preventative and risk behavior, possibly impacting
the course of the infectiond. Both sex and gender can influence
the pharmacokinetics, pharmacodynamics, and the safety profile
of drugs®19,

Several calls urging the inclusion of sex and gender into
COVID-19 trials have been published®!1:12, Excluding one sex
from clinical trials and not disaggregating results by sex can lead
to an increased incidence of unwanted side effects in the untested
population!3 due to overmedication and other factors'4. Not
addressing the gender dimension hampers the opportunity to
reduce inequality in healthcare, promote preventative action and
modulate the course of the infection and pharmacological
access!”. Given these potential health risks for a large fraction of
the infected population, we investigated the consideration of sex
and/or gender as an analytical variable in currently registered and
published trials for SARS-CoV-2/COVID-19.

In this work we show that attention to sex and gender at the
registration and publication stages for COVID-19 studies is
generally low. Only 178 (4%) of the 4420 studies in our Clin-
icalTrials.gov sample mention a plan to include sex/gender as an
analytical variable, a further 237 (5.4%) plan sex-matched or
representative samples or emphasized sex/gender reporting and
935 (21.2%) only mention sex/gender in the context of a
recruiting statement. The majority of the sample (2946 studies,
66.7%) makes no mention of sex/gender in the study registration.
Of the 45 publications for randomized control trials (RCTs) of
pharmacological interventions for COVID-19 we identified, eight
(17.8%) report sex-disaggregated results or subgroup analyses.

Results

Sex and gender in clinical study registrations. We identify 4420
registered SARS-CoV-2/COVID-19 studies, of which 1659 are
observational and 2475 interventional. Of the interventional
trials, 1161 are randomized controlled trials (RCTs) of pharma-
cological (drug and biological/vaccine) interventions. In addition,
we identify 260 patient registry studies and 26 expanded access/
compassionate use studies (Fig. 1, for further specifications see
Methods section).

Of the 4420 registered studies, 935 studies (21.2%) explicitly
address sex/gender solely as a recruitment criterion, and only
178 studies (4%) mention sex/gender as a planned analytical
variable. A further 237 (5.4%) plan sex-matched or representative
samples (65) or emphasize sex/gender reporting (172). 124 studies
(2.8%) focus solely on one sex, with 100 recruiting only female
participants and 24 only male ones. Female-only studies mostly

focus on the relation between COVID-19 and pregnancy
outcomes. One study explicitly addresses the impact of
COVID-19 on the transgender population. As for the remainder
of the studies, 2906 (65.7%) do not address sex/gender in the
study protocol registration on ClinicalTrials.gov beyond the
mandated selection from a list of the eligible groups for the study
(‘Male’, ‘Female’, or ‘All’), and 40 have a spurious mention
unrelated to recruitment or analytical decisions. Of the
4420 studies, only 346 (7.8%) explicitly mention “gender” (in
any context) in the sections of the study protocol targeted by our
search (see Methods section). The level of detail in the study
records is very variable. Only 70.1% (3100) include any
information in the detailed description field and only 132 attach
supporting pdfs (79 included statistical analysis plans). The
median total word count across the two study description fields
(brief and detailed) is 245 for the observational studies, 260 for
the other interventions, and 214 for pharmacological RCTs.

As displayed in Fig. 2, attention to sex/gender in the study
design and registration phase is generally low and varies by study
type. The study protocols that mention sex/gender as an
analytical variable are mostly observational and patient registry
studies (132, 74.2%), as are those with sex/gender matching/
reporting (153, 64.6%). Interventional protocols are dominated by
studies that only discuss sex/gender in the context of recruitment
and studies with no mention of sex/gender at all. Only 15 (1.3%)
of the 1161 pharmacological intervention RCTs and 31 (2.4%) of
the 1314 other interventional studies have registered a plan to
consider sex as a variable upon analysis.

Studies intending to conduct sex-analyses are larger on average
(median: 700 anticipated participants) than those with no sex
mention at all (median: 176 anticipated participants), but again
study type plays a role. Observational and patient registry studies
enroll 287 and 400 patients on average, compared to 160 and 100
for pharmacological RCTs and other intervention trials. Phase
information is provided for 1583 (64%) of the other intervention
and pharmacological RCTs, and are dominated by phase 2 and
3 studies (70.1%, 1109 studies). The US is the most common host
country of participating facilities; 1003 of the studies have at least
one recruiting location in the US, followed by France (603), the
United Kingdom (228), Italy (213), and Spain (211) (see
Supplementary Fig. 2). Of studies with a recruiting facility based
in the United States (US), 242 (24.2%) are observational and 2.1%
(21) plan sex/gender analysis. Of those with no US presence, 1417
(41.4%) are observational and 4.6% (157) plan sex/gender analysis
(see Fig. 2).

Registration patterns during the pandemic. Our analysis shows
that attention to sex/gender in trial registrations remained low
throughout the pandemic. Monthly study registrations (as mea-
sured by date first submitted to ClinicalTrials.gov) peaked in late
spring and early summer of 2020 (see Supplementary Fig. 1, panel
B) and 56% (2475) of our sample was submitted in the first half of
2020. Of the 2475 studies submitted in the first half of 2020, 102
(4.1%) indicate a plan to include sex as an analytical variable,
while 76 (3.9%) of the 1945 submitted in the second half indicate
such a plan. The level of other mentions (sex-matching, sex-
representative sample, explicit statement of intent to record, and
report sex/gender etc.) also remained low throughout the year.
Supplementary Figure 1, panel A, plots developments in the level
of attention to sex and gender per month, from January 2020 to
January 2021.

As of 26 January 2021, 639 registered studies are completed,
and 18 of them have reported results on ClinicalTrials.gov. Of
these, one registration is a female-only study. Of the remaining
17, three have indicated an intent to include sex/gender as an
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Fig. 1 Study types and allocation into sex/gender (S/G) attention groups for the COVID-19 sample. The left-hand (green) panel shows the distribution
of the 4420 identified studies across study types. We created the (Pharmacological) RCT label following the procedure outlined in Methods section, the
other classifications are taken from ClinicalTrials.gov. The right-hand panel (blue) shows the distribution of studies across the various mutually exclusive
sex/gender groups we defined (see Methods section). In the ‘Some S/G mention’ set there is a hierarchy. The most extensive consideration was sex/
gender as an analytical variable and after that sex/gender matching/representation, followed by explicit statements of intent to record or report participant
sex/gender. Finally, the ‘Recruitment Only’ contains those studies whose only sex/gender mention was in a recruiting context. We allocated the studies to
one of the categories based on the highest category of S/G consideration. For instance, if they reported attention to S/G in analysis and recruiting, we only

counted them in analysis.

analytical variable upon registration, while none have uploaded
sex-based analysis as part of their results.

Sex and gender in trial publications. A PubMed search of
published RCTs retrieved 957 results of which 56 (6%) are ori-
ginal reports of RCTs (for further specifications see Data and
Methods section). Eleven are excluded due to a focus on non-
pharmacological COVID-19-related interventions. Fourteen trials
are phase III, the others phase I and II. All of the remaining 45
trials report the number of female and male participants. Of
these, 4 (9%) adjust their analysis by sex/gender and 8 (17.8%)
report sex-disaggregated analyses. These analyses are e.g. pre-
specified subgroup analyses, sex-specific reporting of side effects
or sex-stratified analyses.

Discussion
Although sex appears to be an important determinant of mor-
tality risk and immunologic responses to COVID-19>16:17, cur-
rently registered clinical trials mostly omit sex as an explicit
recruitment or analytical criterion. Of the identified RCT pub-
lications, only 17.8% report sex-specific analyses or disaggregate
their results by sex. This suggests that only a small share of the
studies lacking consideration of sex upon registration at Clin-
icalTrials.gov, account for sex during trial execution and report-
ing, leading to a significant information gap. Gender is given even
less consideration. Very few studies address gender as a recruit-
ment or analytical variable. This applies equally to observational
and interventional trials.

As research into COVID-19 pathophysiology and pharmacolo-
gical interventions has led to substantial knowledge gain, the impact
of sex and gender differences on these factors has also become more

evident. Research demonstrates the impact of sex on clinical
presentation!8, severity of disease!?, and treatment allocation20, The
incidence of side effects with hydroxychloroquine?! or anaphylaxis
upon vaccination?? are both higher in female subjects. Furthermore,
the recently reported sinus vein thromboses associated with two of
the vector-based vaccines also appear to affect female subjects more
often?324, These reports confirm the previously described dis-
crepancies in sex-specific pharmacological response!# and highlight
the need for sex-disaggregated data collection, analysis, and
reporting. However, despite increasing awareness, the level of
attention to sex and gender in ClinicalTrials.gov registrations
remained low and relatively stable from January 2020 to
January 2021.

Several aspects need to be taken into consideration when
looking at our findings. First, the size of trials might impact the
inclusion of sex as an analytical variable. Interventional trials in
the sample tended to be smaller, which might limit the ability of
experimenters to disaggregate analyses while maintaining statis-
tical power. The small sample sizes may partly be explained by
experimenters facing challenges with participant enrollment?’.
However, given the striking sex and gender differences identified
for this disease, a lack of consideration of these variables could
undermine the reproducibility and generalizability of the results.
Ignoring sex and gender aspects of COVID-19 is not scientifically
or ethically justifiable, and interventional trials should be
designed to account for these variables. Second, disciplinary
culture might affect the decision to perform sex and gender-
sensitive analysis. For example, researchers conducting large
observational studies might be trained to consider a vast array of
social determinants, which biomedical researchers might not
prioritize in interventional trials. Our results reflect these differ-
ences, as observational studies appeared to mention sex and
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Study type
S/G analysis Single sex S/G other S/G recruitment No S/G Total
Pharm. RCT 15(8.4 %) 7 (5.6 %) 38 (16 %) L 499(534%) 602 (20.4 %) 1161 (26.3 %)
Expanded Access 0 (0 %) 0(0 %) 0(0 %) 12 (1.3 %) 4(0.5 %) 26 (0.6 %)
Observational - 59(476%)  122(51.5%) 140 (15 %) 1659 (37.5 %)
Observational [Patient Registry] 19(10.7 %) 19(15.3 %) 31(13.1%) 17 (1.8 %) 174 (5.9 %) 260 (5.9 %)
Other Intervention 31(17.4%) 39(31.5%) 46 (19.4 %) 267 (28.6 %) 931 (31.6 %) 1314(29.7 %)
Intervention type
Note: Intervention types only listed for interventional studies and observation studies where this was registered. Each study can be registered in more than one category.
S/G analysis Single sex S/G other S/G recruitment No S/G Total
Drug 17 1" 63 497 748
Biological/Vaccine 3 4 12 215 230 464
Diagnostic Test 24 21 21 41 315 422
Device 5 1 4 27 211 248
Behavioral 20 19 23 14 206 282
Other 62 52 & 285 I0ZEN
Status
S/G analysis Single sex S/G other S/G recruitment No S/G Total
Active, not recruiting 13 (7.3 %) 9(7.3%) 19 (8 %) 98 (10.5 %) 203 (6.9 %) 342 (7.7 %)
Not yet recruiting 46 ( 25.8 %) 20 (16.1 %) 43 (18.1 %) 219 (23.4 %) 609 (20.7 %) 937 (21.2 %)
Recruiting -~ 66(53.2%) [ 480(51.3%)

Enrolling by invitation 9 (5.1 %) 3(2.4%) 8(3.4%) 16 (1.7 %) 117 (4 %) 153 (3.5 %)
Completed 40(22.5%) 26 (21 %) 56 (23.6 %) 91(9.7 %) 426 (14.5 %) 639 (14.5 %)
Terminated 0(0 %) 0(0 %) 4(1.7 %) 11(1.2%) 32(1.1%) 47 (1.1 %)
Suspended 0(0 %) 0(0%) 0(0%) 8(0.9 %) 15(0.5 %) 23(0.5 %)

Other 0(0%) 0(0%) 0(0%) 12(1.3%) 14.(0.5 %) 26 (0.6 %)
Facility
S/G analysis Single sex S/G other S/G recruitment No S/G Total
Unknown 29(16.3 %) 10 (8.1 %) 28(11.8%) 119 (12.7 %) 316 (10.7 %) 502 (11.4 %)
Single facility (U.S.) 17 (9.6 %) 20 (16.1 %) 20 (8.4 % 141 (15.1 %) 435 (14.8 %) 633 (14.3 %)
Single facility (non-U.S.) 101 (56.7 %) 76 (61.3 %) 143 (60.3 %) 355 (38 %) 1552 (52.7 %)
Multi-facility (incl. U.S.) 4(2.2%) 6 (4.8 %) 9 (3.8 %, 136 (14.5 %) 211 (7.2 %) 366 ( 8.3 %)
Multi-facility (excl. U.S.) 27 (15.2 %) 12(9.7 %) 37(15.6 %) 184 (19.7 %) 432 (14.7 %) 692 (15.7 %)
No. of participants
S/G analysis Single sex S/G other S/G recruitment No S/G Total
[1-99] 21(11.8%) 36 (29 %) 67 (28.3 %) 355 (38 %) 969 (32.9 %) 1448 (32.8 %)
[100-999]
[1000+] 24(19.4 %) 56 (23.6 %) 127 (13.6 %) 554 (18.8 %) 841 (19 %)
N/A (Expanded access) 0(0 %) 0(0%) 0(0%) 12(1.3%) 14(0.5 %) 26 (0.6 %)

Fig. 2 Properties of COVID-19 Studies in the sample and level of attention to sex/gender (S/G). Sex/gender coding and properties of studies at time of
data collection on 26 January 2021. Studies are reported according to different analytical criteria. Color blocks represent one category of analysis. Studies
are exclusively allocated to one category per analysis, with the exception of the “intervention” category. Here, studies can propose multiple interventions
and, hence, appear under each unique intervention type they include. In the facility section, we focus on the number (single or multiple) and location (US or
non-US) of the facilities recruiting participants into the studies. Address information for facilities is available for 89% of our full COVID-19 set. All studies
(except the 26 Expanded Access) provide enrollment details and they are mostly ‘anticipated’, i.e. target numbers (80%).

gender more frequently in their registration files. In addition to
sex and gender, this type of research highlights the impact of a
wide range of social determinants on the development of
COVID-19, including poverty?®, racialized disparities?’, and the
impact of social context?8, Biomedical research into the viral
dynamics in people cannot ignore these determinants. Third,
national requirements for trial performance might play a role in
the decision to include sex and/or gender as analytical variables.
We chose to examine the ClinicalTrials.gov database because of
the quality and detail of its registrations and because the US has
clear guidance on the need for consideration of sex (and gender)
in clinical studies?®. However, by focusing on ClinicalTrials.gov,
we will have missed a large proportion of studies conducted
outside of the US, which limits the global validity of our findings.

Finally, researchers may not be providing sufficient detail on
their planned analyses upon study registrations for us to detect the
true level of attention they afford sex and gender. However, given
that only 17.8% of the published trials reported sex-disaggregated
analyses, a lack of detail upon registration does not appear to be
substantially corrected during the execution, analysis, and publica-
tion process for the vast majority of trials. An enforced requirement
of analytical details and quality control upon registration could
possibly increase the consideration of sex and gender in clinical
trials and improve the reliability of the published results.

In light of the current results, we urge researchers working in
the field of SARS-CoV2 and COVID-19 to systematically apply

a sex-specific methodology. This entails: (a) the recording of
sex of all participants; (b) the inclusion of sex as an indepen-
dent variable into multivariate analysis; (c) the performance of
sex-disaggregated analyses; and (d) the reporting of sex-
disaggregated results for unambiguous identification of dif-
ferences in effectiveness, side effects, and mortality??. In
addition, data for trials that record the sex/gender of partici-
pants, but are not statistically powered to disaggregate results
by sex, should be made publicly available for pooling in evi-
dence synthesis. More comprehensive analyses should address
gender-related impacts3! and utilize intersectional approaches
to identify specific subgroup experiences and barriers to
access32.

The current experiences should inform future preparedness
efforts. A general sex- and gender-sensitive approach should be
structurally implemented through mandatory reporting require-
ments upon registration of clinical trials. This policy should be
institutionalized to guarantee its application also in times of crisis.
The striking sex differences in COVID-19 mortality highlight a
need for universal consideration of these variables. Sex-specific
analysis cannot be an afterthought once the acute phase has
passed; it is proving to be an important contributor to the dis-
section of disease-specific mechanisms!”. Investigating sex dif-
ferences can highlight otherwise ignored mechanisms and should,
hence, be an essential component of robust, reproducible, and
socially relevant research.
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Methods

Data was obtained through a query of the relational database “Aggregate Analysis
of ClincalTrials.gov” (AACT)? on 26 January 2021. AACT contains all publicly
available ClinicalTrials.gov data.

Selection of the COVID-19 studies. In our search for COVID-related studies, we
targeted the following trial-registration fields: the official and brief trial titles, the brief
summary, the detailed description and conditions, as well as the titles and descriptions
of outcome measures (primary, secondary, and other). The search terms used were:
Coronavirus, Corona Virus, SARS-CoV-2, SARS CoV2, SARSCoV2, COVID, 2019
nCov, and 2019nCoV. The search was case-insensitive and blind to use of hyphens.
Ninety eight percent of the protocols in our final sample had one of these search
terms in their titles or conditions. The remaining 2% included studies, where COVID-
19 or its synonyms were mentioned in the primary outcome measures or appeared in
at least two other relevant fields, e.g. in a description of a non-primary outcome
measure AND in the brief summary or detailed description. We adopted this
approach to avoid including study registrations that mention COVID-19 but do not
focus on health aspects directly related to the virus. Our approach was based on what
we learned in an earlier round of analysis, where we manually inspected all studies
without a COVID-19 term in the titles or conditions.

Our analysis covered registrations with a starting or submission date (if no
starting date was available) between 1 January 2020 and 26 January 2021. We
removed duplicate registrations and studies listed as ‘Withdrawn’ or ‘No longer
available’, leaving us with a final sample of 4420 studies.

Identification of attention to sex and gender. ClinicalTrials.gov mandates
researchers to state the sexes eligible for their study by selecting one option from a
pre-defined list (‘All’, ‘Male’ or ‘Female’). We used this data element to identify
single-sex study designs. For registrations open to ‘All’ sexes, we identified atten-
tion to sex/gender by searching for the following terms (and their plurals): sex,
gender, woman, female, man, male, girl, boy, pregnan*, and transg*.

We restricted these searches to the following registration fields: titles, brief
summary, detailed description, eligibilities (population, gender, and inclusion
criteria), study design group descriptions and titles, intervention descriptions, and
primary, secondary, and other outcomes.

Two independent coders (EB and SOP) went through all registrations
mentioning sex or gender-related terms, assigning each registration to one of the
following categories: (a) sex/gender as an analysis criterion; (b) other sex/gender
mentions (c) sex/gender recruitment; and (d) no relevant sex/gender mention. As
of 26 January 2021, 79 studies had uploaded supporting pdf documents with
indications that they included a statistical analysis plan and 76 of these were open
to all sexes. We performed the same sex term search and coding on these 76
documents.

For inclusion into category (a) (analysis criterion), we looked for evidence of
intention to include sex/gender as an analytical variable. For instance, if a
registration stated that results would be stratified by sex, sex-subgroup analyses
would be performed, sex would be included as a covariate, or that researchers
hypothesized that sex/gender would affect outcomes, we considered the study
permissible, and no further statistical details were expected. If sex/gender
representation and differences were addressed in an introduction or literature
summary but no mention was made in the outline of the data analysis protocol, we
did not consider the protocol eligible for inclusion in category (a). Similarly, if
‘demographic variables’” were included in the outline of the planned statistical
analysis, but sex/gender was not explicitly mentioned in that particular discussion,
we did not include that study. We did not consider the intention to sex-match the
treatment and control groups a strong enough signal of planned sex/gender
analysis, and coded registrations including such intentions separately in
category b).

We assigned protocols to category (b) (other sex/gender mentions) if they
explicitly stated that they would record or report the sex of the participants or
would sex match to controls, aim for a representative sample etc. None of these
protocols clearly indicated any intention to include the variable upon analysis.

Category (c) (sex/gender recruitment) consists of protocols that only addressed
sex/gender in the context of an explicit recruitment statement covering both sexes/
genders. The sole selection of “All” in the pre-defined sexes eligible for study field
was not considered sufficient, as this registration step does not represent a marker
of a specific focus on the topic. Likewise, a focus on the sex of donors or parents,
but not the recipients or children, who were the focus of the study, was not
considered sufficient for inclusion. Category (c) includes a dominant subset of
studies that were included automatically, i.e., without manual coding (777 of 935)
owing to their large number and the type of sex-term match. These were
studies that only mentioned sex/gender terms in the list of eligibility inclusion
criteria and nowhere else in the registration, implying they could only be
candidates for sex/gender recruitment. We caution that this subset may include
some noise (e.g. studies that specify the type of contraception that both sexes would
be required to use to be eligible for inclusion, while not having a separate explicit
recruitment statement). However, this possible bias would lead to an
overestimation rather than an underestimation for category (c).

Studies in category (d) (no sex/gender mention) either had no match to one of
our sex/gender search terms (the vast majority), or were spurious sex matches. The

latter set includes studies where, for example, the only mention of sex was in a
literature summary or in the context of contraception requirements and
pregnancy tests.

Identification of the pharmacological RCTs. Our COVID-19 sample contains
many studies that investigate the social impact of COVID-19 or the effect of the
pandemic on access to healthcare and treatment. These are mainly concentrated
amongst the observational studies. We created a separate ‘pharmacological RCT’
category, consisting of the drug and vaccine/biological interventional RCTs, to have
a sample of the most relevant and high-quality trials. We retained the rest of the
interventional trials (now labeled ‘Other Intervention’) in addition to the obser-
vational and patient registry registrations as they do contain research of disease
prevalence, progression, and wider effects on the population. ClinicalTrials.gov
does not have a pre-defined pharmacological RCT label. To create one, we made
use of several data elements, where ClinicalTrials.gov requires those registering
interventional studies to select an option from a pre-defined list. These data ele-
ments were study type, allocation into study groups, intervention type(s), and study
group type. We selected interventional studies with randomized allocation into
study groups, having least one drug or vaccine/biological intervention and a par-
ticipant group of type ‘placebo/sham comparator’ or ‘no intervention’. Since the
‘experimental’ and ‘active comparator’ group-type labels were attached to some
groups that were obvious controls, we also proceeded to search the group titles and
descriptions for occurrences of control and placebo. We collected a few more
studies by looking at the study titles and the descriptions of the interventions for
occurrences of RCT or random* + control*/placebo*. Our final pharmacological
intervention RCT set has 1161 studies. All remaining interventional trials are
labeled ‘Other Intervention’.

Selection and coding of the COVID-19 publications. We searched the PubMed
database on 15 December 2020 for publications on SARS-CoV-2/COVID-19 trials
using the search strategy for COVID-19 provided by the Canadian Agency for
Drugs and Technologies in Health (CADTH)?* and the RCT search filter of the
Scottish Intercollegiate Guideline Network (SIGN), resulting in 957 unique article
records. Two independent coders (MWN and SOP) screened these 957 articles to
identify original publications of randomized controlled trials. We excluded com-
ments, reviews, observational studies, trial protocols, post-hoc analyses, non-
randomized trials, and RCTs not focusing on COVID-19.

Two independent coders (MWN and SOP) evaluated the degree of sex/gender-
specific analysis in the 56 original reports of RCTs. Sex/gender-specific analysis
could range from (a) sole mention of participating numbers of women/men in the
trial, (b) explicit incorporation of sex/gender as analytical variable, and (c)
reporting of sex/gender-disaggregated analyses.

Reporting summary. Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

Source data for this study was gathered from the following public repositories;
ClinicalTrials.gov study registration data from the Aggregate Analysis of ClincalTrials.
gov database (https://aact.ctti-clinicaltrials.org/) and publications from the PubMed
database of biomedical literature (https://pubmed.ncbi.nlm.nih.gov/). Data on our final
study and paper samples, which supports our main results, is available in an Excel file in
a public Github repository at https://github.com/bradyemer/Sex-gender-in-COVID-19-
trials (https://doi.org/10.5281/zenodo.4772598)

Code availability

The AACT database of ClinicalTrials.gov data was queried using R (v. 3.6.1). Python
(v. 3.8.5) was used to clean the data, create the COVID-19 and sex/gender candidate
samples, the final numbers for this paper and the supplementary figures. This work
was documented in a Jupyter (v. 4.6.3) Python 3 notebook. Manual classification of
study registrations with sex/gender terms and of the PubMed sample was documented
in Excel (v. 16.33). Figures 1 and 2 were created in R (v. 4.0.2). An R and Python-based
pipeline which reproduces our selection of the ClinicalTrials.gov COVID-19 sample
and sex/gender candidates is publicly available in a Github repository at https://github.
com/bradyemer/Sex-gender-in-COVID-19-trials (https://doi.org/10.5281/
zen0do.4772598)

Received: 13 September 2020; Accepted: 8 June 2021;
Published online: 06 July 2021

References

1. Pérez-Lopez, F. R. et al. Coronavirus disease 2019 and gender-related
mortality in European countries: a meta-analysis. Maturitas 141, 59-62
(2020).

| (2021)12:4015 | https://doi.org/10.1038/s41467-021-24265-8 | www.nature.com/naturecommunications 5


https://aact.ctti-clinicaltrials.org/
https://pubmed.ncbi.nlm.nih.gov/
https://github.com/bradyemer/Sex-gender-in-COVID-19-trials
https://github.com/bradyemer/Sex-gender-in-COVID-19-trials
https://doi.org/10.5281/zenodo.4772598
https://github.com/bradyemer/Sex-gender-in-COVID-19-trials
https://github.com/bradyemer/Sex-gender-in-COVID-19-trials
https://doi.org/10.5281/zenodo.4772598
https://doi.org/10.5281/zenodo.4772598
www.nature.com/naturecommunications
www.nature.com/naturecommunications

ARTICLE

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Klein, S. L. & Flanagan, K. L. Sex differences in immune responses. Nat. Rev.
Immunol. 16, 626-638 (2016).

Hoffmann, M. et al. SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2
and is blocked by a clinically proven protease inhibitor. Cell 181, 271-280
€278 (2020).

van der Made, C. I et al. Presence of genetic variants among young men with
severe COVID-19. JAMA, https://doi.org/10.1001/jama.2020.13719 (2020).
Scully, E. P., Haverfield, J., Ursin, R. L., Tannenbaum, C. & Klein, S. L.
Considering how biological sex impacts immune responses and COVID-19
outcomes. Nat. Rev. Immunol. 20, 442-447 (2020).

Wenham, C., Smith, J. & Morgan, R. Gender and COVID-19 Working Group
COVID-19: the gendered impacts of the outbreak. Lancet 395, 846-848
(2020).

Tannenbaum, C,, Ellis, R. P, Eyssel, F., Zou, J. & Schiebinger, L. Sex and
gender analysis improves science and engineering. Nature 575, 137-146
(2019).

Betron, M., Gottert, A., Pulerwitz, J., Shattuck, D. & Stevanovic-Fenn, N. Men
and COVID-19: adding a gender lens. Glob. Public Health 15, 1090-1092
(2020).

Franconi, F., Campesi, I., Colombo, D. & Antonini, P. Sex-gender variable:
methodological recommendations for increasing scientific value of clinical
studies. Cells https://doi.org/10.3390/cells8050476 (2019).

Franconi, F. & Campesi, I. Pharmacogenomics, pharmacokinetics and
pharmacodynamics: interaction with biological differences between men and
women. Br. J. Pharmacol. 171, 580-594 (2014).

Spagnolo, P. A., Manson, J. E. & Joffe, H. Sex and gender differences in health:
what the COVID-19 pandemic can teach us. Ann. Intern. Med. 173, 385-386
(2020).

Bischof, E. 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 https://doi.org/10.3390/
ijerph17103715 (2020).

Obias-Manno, D. et al. The Food and Drug Administration Office of
Women’s Health: impact of science on regulatory policy. J. Women’s Health
16, 807-817 (2007).

Zucker, I. & Prendergast, B. J. Sex differences in pharmacokinetics predict
adverse drug reactions in women. Biol. Sex Differ. 11, 32 (2020).

Bali, S. et al. Off the back burner: diverse and gender-inclusive decision-
making for COVID-19 response and recovery. BM] Glob. Health https://doi.
org/10.1136/bmjgh-2020-002595 (2020).

Takahashi, T. et al. Sex differences in immune responses that underlie
COVID-19 disease outcomes. Nature 588, 315-320 (2020).

Takahashi, T. & Iwasaki, A. Sex differences in immune responses. Science 371,
347-348 (2021).

Abate, B. B,, Kassie, A. M., Kassaw, M. W., Aragie, T. G. & Masresha, S. A. Sex
difference in coronavirus disease (COVID-19): a systematic review and meta-
analysis. BMJ Open 10, 040129 (2020).

Vahidy, F. S. et al. Sex differences in susceptibility, severity, and outcomes of
coronavirus disease 2019: cross-sectional analysis from a diverse US
metropolitan area. PLoS ONE 16, 0245556 (2021).

Raparelli, V. et al. Sex differences in clinical phenotype and transitions of care
among individuals dying of COVID-19 in Italy. Biol. Sex Differ. 11, 57 (2020).
Giudicessi, J. R., Noseworthy, P. A., Friedman, P. A. & Ackerman, M. J.
Urgent guidance for navigating and circumventing the QTc-prolonging and
torsadogenic potential of possible pharmacotherapies for Coronavirus Disease
19 (COVID-19). Mayo Clin. Proc. 95, 1213-1221 (2020).

Shimabukuro, T. T., Cole, M. & Su, J. R. Reports of anaphylaxis after receipt of
mRNA COVID-19 vaccines in the US-December 14, 2020-January 18, 2021.
JAMA 325, 1101-1102 (2021).

Greinacher, A. et al. Thrombotic thrombocytopenia after ChAdOx1 nCov-19
vaccination. N. Engl. J. Med. https://doi.org/10.1056/NEJMo0a2104840 (2021).
Mahase, E. Covid-19: US suspends Johnson and Johnson vaccine rollout over
blood clots. BMJ 373, n970 (2021).

North, C. M., Dougan, M. L. & Sacks, C. A. Improving Clinical Trial
Enrollment - in the Covid-19 era and beyond. N. Engl. J. Med. 383, 1406-1408
(2020).

Whitehead, M., Taylor-Robinson, D. & Barr, B. Poverty, health, and covid-19.
BM]J 372, n376 (2021).

Duque, R. B. Black health matters too... especially in the era of Covid-19: how
poverty and race converge to reduce access to quality housing, safe
neighborhoods, and health and wellness services and increase the risk of co-

morbidities associated with global pandemics. ] Racial Ethn. Health Disparities
https://doi.org/10.1007/s40615-020-00857-w (2020).

28. Paremoer, L., Nandi, S., Serag, H. & Baum, F. Covid-19 pandemic and the
social determinants of health. BMJ 372, n129 (2021).

29. Clayton, J. A. & Collins, F. S. Policy: NIH to balance sex in cell and animal
studies. Nature 509, 282-283 (2014).

30. Arnegard, M. E., Whitten, L. A., Hunter, C. & Clayton, J. A. Sex as a biological
variable: a 5-Year progress report and call to action. . Women’s Health 29,
858-864 (2020).

31. Wenham, C., Smith, J. & Morgan, R. Covid-19 is an opportunity for gender
equality within the workplace and at home. BMJ 369, m1546 (2020).

32. Hankivsky, O. & Kapilashrami, A. Intersectionality Offers A Radical
Rethinking Of Covid-19 (2020).

33. Aggregate Analysis of ClinicalTrials.gov. Clinical Trials Transformation
Initiative, https://aact.ctti-clinicaltrials.org (2021).

34. Pandemic, C. C. CADTH COVID-19 Search Strings https://covid.cadth.ca/
literature-searching-tools/cadth-covid-19-search-strings/#covid-19-medline
(2020).

35. SIGN. Improving Patient Care Through Evidencebased Guidelines https://
www.sign.ac.uk/assets/search-filters-randomised-controlled-trials.docx
(2020).

Acknowledgements
E.B. and J.P.A. are supported by a grant from the Aarhus University Research Foun-
dation (no. AUFF-F-2018-7-5).

Author contributions

S.0.P,, M\W.N,, and J.P.A. developed the idea, E.B., M\W.N., and S.O.P. conducted the
analyses, E.B. and S.O.P. wrote the paper, all authors reviewed the paper for important
intellectual content.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41467-021-24265-8.

Correspondence and requests for materials should be addressed to S.O-P.

Peer review information Nature Communications thanks Ben Goldacre, Nicholas J.
DeVito and the other, anonymous reviewer(s) for their contribution to the peer review of
this work. Peer review reports are available.

Reprints and permission information is available at http://www.nature.com/reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in

published maps and institutional affiliations.
Open Access This article is licensed under a Creative Commons
37 Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this license, visit http://creativecommons.org/
licenses/by/4.0/.

© The Author(s) 2021

| (2021)12:4015 | https://doi.org/10.1038/s41467-021-24265-8 | www.nature.com/naturecommunications


https://doi.org/10.1001/jama.2020.13719
https://doi.org/10.3390/cells8050476
https://doi.org/10.3390/ijerph17103715
https://doi.org/10.3390/ijerph17103715
https://doi.org/10.1136/bmjgh-2020-002595
https://doi.org/10.1136/bmjgh-2020-002595
https://doi.org/10.1056/NEJMoa2104840
https://doi.org/10.1007/s40615-020-00857-w
https://aact.ctti-clinicaltrials.org
https://covid.cadth.ca/literature-searching-tools/cadth-covid-19-search-strings/#covid-19-medline
https://covid.cadth.ca/literature-searching-tools/cadth-covid-19-search-strings/#covid-19-medline
https://www.sign.ac.uk/assets/search-filters-randomised-controlled-trials.docx
https://www.sign.ac.uk/assets/search-filters-randomised-controlled-trials.docx
https://doi.org/10.1038/s41467-021-24265-8
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
www.nature.com/naturecommunications

	Lack of consideration of sex and gender in COVID-�19 clinical studies
	Results
	Sex and gender in clinical study registrations
	Registration patterns during the pandemic
	Sex and gender in trial publications

	Discussion
	Methods
	Selection of the COVID-19 studies
	Identification of attention to sex and gender
	Identification of the pharmacological RCTs
	Selection and coding of the COVID-19 publications

	Reporting summary
	Data availability
	Code availability
	References
	Acknowledgements
	Author contributions
	Funding
	Competing interests
	Additional information




