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ABSTRACT

Background Lack of progress in finding disease-
modifying treatments for dementia may be due to
heterogeneity in treatment effects among subgroups, such
as by sex. Therefore, we investigated the characteristics
of dementia trials completed in the last decade, with a
focus on women'’s representation and sex-disaggregated
outcomes.

Methods Clinical trials on dementia completed since
2010 were identified from ClinicalTrials.gov. Randomised,
phase llI/IV trials with >100 participants were selected to
quantify women’s representation among participants, by
computing the participation to prevalence ratio (PPR) and
investigate whether sex-disaggregated analyses had been
performed.

Results A total of 1351 trials were identified between
January 2010 and August 2021 (429520 participants),

of which 118 were eligible for analysis of women’s
representation and sex-stratified analysis. Only 113
reported the sex of participants and were included in

the analysis of women'’s representation. Of the 110469
participants in these 113 trials, 58% were women, lower
than their estimated representation in the global dementia
population of 64%. The mean PPR was 0.90 (95% Cl 0.86
t0 0.94). Women'’s participation tended to be higher when
the first or last authors of the trial report were women.
Eight out of the 118 trials reported sex-disaggregated
outcomes, and three of those found significant sex
differences in efficacy outcomes. None of the trials
reported screening failures or adverse events stratified by
Sex.

Conclusions Overall, women and men were equally
represented in dementia trials carried out over the past
decade, but women’s representation was lower than in
the underlying dementia population. Sex-disaggregated
efficacy and safety outcomes were rarely reported.

INTRODUCTION

Notwithstanding the remarkable advances in
our understanding of dementia, including
Alzheimer’s disease, over the past decades,
similar developments in our therapeutic
armamentarium have not been witnessed.' *
There have been no major improvements in
treatment or prevention of dementia since
the successful trial of memantine in 2003.°
One possible explanation for the failure in
developing disease-modifying treatments
for dementia is the heterogeneity in the
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Women are under-represented in clinical ftrials
across multiple specialties and sex-disaggregated
analysis are often lacking.

= The incidence of dementia is higher among women
than men.

WHAT THIS STUDY ADDS

= In a subsample of dementia clinical trials registered
on ClinicalTrials.gov and published between 2010
and 2021, women comprised 58% of the 110469
participants, which was lower than their estimated
representation in the global dementia population
(64%).

= None of the trials reported screening failures
or adverse events stratified by sex, and sex-
disaggregated outcomes were only reported by 8 of
the 118 dementia trials studied.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Although there is broadly sex parity among par-
ticipants in dementia trials, women’s representa-
tion has remained lower than their representation
in the underlying dementia population and sex-
disaggregate analyses are seldom performed.

= Addressing these issues is paramount to enable in-
vestigating heterogeneity in treatment effects based
on sex differences and improve management of de-
mentia across the globe.

population of patients enrolled into clinical
trials. This heterogeneity may be explained
by differences in underlying diseases or life-
style risk factors, stages of disease, genetic
susceptibility or sex differences.! In fact,
incidence rates for dementia in general, and
Alzheimer’s disease in particular, are higher
in women than in men, with rates diverging
from about the age of 80.” Although this is at
least partially explained by women’s survival
into older ages in comparison to men,
evidence has been accruing on the substan-
tial differences in risk factors, presentation
and progression of dementia between women
and men.®” For instance, sex-specific associa-
tions between certain genetic polymorphisms
and increased risk of Alzheimer’s disease
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have been identified.*'” There is also evidence that the
association between blood pressure and dementia is log-
linear in women, but U-shaped in men.""

It is, thus, plausible that some of the ‘failed’ drugs
or interventions could be efficacious in a subgroup of
patients, such as women. However, sex-disaggregated anal-
yses are seldom performed, even if regulatory guidelines
advise carrying out, and prespecifying, subgroup analyses
by sex.'? In addition, inadequate enrolment of women
in clinical trials has been a long-standing issue across
multiple medical fields, which may compromise the ability
to identify clinically meaningful sex differences.*"”

Therefore, the aims of this study were to (1) investigate
the characteristics of dementia trials completed since
2010, (2) estimate the representation of women among
participants in those trials, (3) determine whether sex-
disaggregated analyses were performed and, if so, whether
sex differences in safety and/or efficacy were reported
and (4) explore whether the proportion of women partic-
ipants differed according to type of dementia, severity of
disease, type of intervention, continent where the trial
was conducted, funding agency, age of participants or
gender of first and last authors.

METHODS

Data source and search strategy

We searched for clinical trials registered on Clinical-
Trials.gov, a web-based registry of human clinical studies
conducted around the world provided by the US National
Library of Medicine and managed by the National Insti-
tutes of Health (NIH). The search terms were ‘dementia’
as disease condition, ‘interventional studies (clinical
trials)” as study type and ‘completed’ or ‘terminated’ as
recruitment status. Searches were limited to trials with
adults aged =18 years and with a primary completion
between the 1 January 2010 and the 31 August 2021.
Trials completed prior to 2010 were excluded as we were
only interested in contemporary trials.

For the analysis of women’s representation, a subsa-
mple of the trials was selected using the following criteria:
(1) trials that included both genders; (2) trials with at
least 100 participants; (3) phase III or IV trials; and (4)
trials whose interventions were on patients (rather than
healthcare professionals or carers). Once the trials were
identified on the ClinicalTrials.gov web page, full manu-
scripts were searched on PubMed using the national clin-
ical trial identifier assigned to the trial, trial registered
name and acronym and primary investigator’s name. If no
matching publication was found, Google Scholar, Embase
and Scopus databases were searched using the national
clinical trial identifier, trial registered name and acronym
and primary investigator’s name. When published reports
could not be identified, the principal investigator was
contacted whenever an email address was available, but
no answers were received. All searches were performed in
duplicate (A-CP-G and ]G).

Data extraction

Data were extracted by one author (A-CP-G) for the
eligible trials. The variables extracted were National
Clinical Trial number, completion date, trial location(s)
(ie, country, continent or worldwide if across several
continents), intervention type (ie, pharmacological,
behavioural, radiation, dietary supplement, procedure,
device or other), type of dementia (vascular dementia,
Alzheimer’s disease, either and other), funding agency
(ie, industry, vs other). For published articles, data were
also extracted for mean age of participants, total sample
size, proportion of women, reporting of screening fail-
ures by sex, reporting of sex-disaggregated outcomes,
observed differences in efficacy and/or safety, the name
of the journal, year of publication and gender of first and
last authors were also extracted.

Data analyses

To investigate the extent of women’s representation
among participants in trials, we calculated the participa-
tion to prevalence ratio (PPR), the percentage of women
among trial participants divided by the percentage of
women in the underlying disease population.'”® A PPR
close to 1 indicates that the sex composition of the trial
is that of the disease population.'” The percentage of
women with dementia in the population was obtained
from prevalence estimates from the Global Burden of
Disease (GBD).?’ Where trials were conducted in a single
country location, country-specific prevalence estimates
were used. Where trials were conducted across multiple
countries, regional or international (if more than one
region) prevalence estimates were assigned to the respec-
tive trials.

For the published trials, the gender of the first and last
author was determined according to their first name and
pronouns used to describe them in their institutional
biography. Gender was assigned using the binary terms:
woman or man; there were no authors identified as non-
binary in their biography.

Subgroup analyses were conducted according to type
of dementia (Alzheimer’s disease vs other dementias),
severity (mild cognitive impairmentvs dementia), sponsor
type (industry vs other), intervention (pharmacological,
behavioural and other), continent, age (under vs over
80 years) and gender of first and last author (women vs
men). To assess whether PPR varied by study sample size,
we calculated a sample size weighted mean (SSWM) of the
PPR across all trials. SSWM was calculated by multiplying
the trial PPR by the trial sample size and dividing by the
sum of participants in all trials included in this study. The
sum of this quantity is the SSWM. Bootstrap methods were
used to obtain 95% ClIs for the mean PPR and SSWM of
the PPR, using the percentile method with 100000 iter-
ations. Trends over time were displayed for number of
trials for the overall analysis, and for mean PPR for the
subset of trials included in the analysis of women’s repre-
sentation. All data analyses were performed in R V.4.0.2
(R Core Team, 2020).
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Role of funding source
There was no specific funding for this study.

RESULTS

Overall dementia trials

A total of 1351 eligible trials related to dementia were
identified between January 2010 and August 2021, with
a total of 429520 participants (online supplemental
figure S1). The total number of participants ranged from
1 to 197692, and 1043 (77%) trials had fewer than 100
participants. All trials included a mix of women and men.
Just over half of the trials (720; 53%) were conducted in
the Americas, with the remainder mainly carried out in
Europe (307; 23%) or worldwide (175; 13%) (table 1;
online supplemental table S1 and figure S2).

Women'’s representation in dementia trials

A total of 172 trials were eligible for inclusion in the anal-
ysis of women’s representation after applying the criteria
mentioned in the methods (figure 1). For 24 (14%) of
those trials, results were available on ClinicalTrials.gov,
and for 78 (45%) trials, published reports could not be
identified. Of the resulting 118 trials (69% of eligible
trials), 5 did not report number of participants strati-
fied by sex and, thus, were excluded from the analysis.
Therefore, the final analysis of women’s representation
comprised 113 trials (table 2). These trials included a
total of 110469 participants, of whom 63772 (57.7%)
were women. The percentage of women in individual
trials varied widely from 2.2% to 90.7%, with a mean of
57.3% (SD 13.9) and a median of 58.1% (interquartile
interval (52.6-65.2)).

Overall, women were represented in clinical trials
at a lower proportion relative to their proportion in
the underlying dementia population, in which women
account for 64.1% of the cases (mean PPR 0.90, 95% CI
(0.86 to 0.94)). There was a large variation in the PPR
across trials, ranging from 0.04 to 1.41. The SSWM, which
gives more weight to larger trials, was similar to the PPR
without weighing according to trial size (SSWM 0.91
(95% CI (0.52 to 1.58)) although with a wider CI.

Subgroup analyses (figure 2, online supplemental
figure S3 and table S2) showed that the PPR was signifi-
cantly higher for trials with a mean of 80 years and above
(PPR 1.01, 95% CI (0.98 to 1.05)) than those with a
mean age of under 80 years (PPR 0.85, 95% CI (0.80 to
0.89)). No other significant differences were observed in
subgroup analyses. Women’s representation was compa-
rable in trials related to mild cognitive impairment
(PPR 0.96, 95% CI (0.91 to 1.00)) and dementia (PPR
0.88, 95% CI (0.84 to 0.92)). Women’s representation
was broadly similar, irrespective of the type of dementia
(Alzheimer’s disease vs other dementias), type of inter-
vention (pharmacological, behavioural or other inter-
ventions) and funding agency (industry vs other). There
was also no significant heterogeneity in PPR across world
regions (Europe PPR 0.96, 95% CI (0.89 to 1.01), Asia

Open access

Table 1 Summary of 1351 dementia trials completed

between 2010 and 2021

Characteristic N trials %

Results available on ClinicalTrials. 388 28.7

gov (yes)

Type of dementia
Alzheimer disease 832 61.6
Delirium 18 1.3
Dementia 321 23.8
Dementia with Lewy bodies 28 21
HIV dementia 14 1.0
Huntington disease 78 5.8
Mild cognitive impairment 47 3.5
Vascular dementia 13 1.0
Mild cognitive impairment (of 201 14.9
any cause)

Type intervention
Behavioural 266 19.7
Biological 38 2.8
Device 90 6.7
Diagnostic test 4 0.3
Dietary supplement 21 1.6
Drug 722 53.4
Genetic 1 0.1
Procedure 20 1.5
Radiation 16 1.2
Other 173 12.8

Trial phase
Not applicable 534 39.5
Phase 1/2 582 43.1
Phase 3/4 235 17.4

Funding agency
Industry 484 35.8
Industry and NIH 13 1.0
Industry and other 96 71
NIH 3 0.2
NIH and other 111 8.2
Other 644 47.7
Randomisation (yes) 914 67.7

Location (continent)
Africa 5) 0.4
Americas 720 53.3
Asia 133 9.8
Europe 307 22.7
Oceania 11 0.8
Worldwide 175 13.0

NIH, National Institutes of Health .
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. 1043 trials under
1351 trials 100 patients
N | 56 non randomised
308 trials > studies
40 phase 1 or 2
252 trials trials
31 interventions for healthcare
212 trials - professionals, carers, or
institutions (e.g., care homes)

!

181 trials included for full
manuscript review

!

172 trials >

9 trials under 100
participants

54 trials had no
published paper or
results available

|
y

118 trials

/

8 trials reported

sex-disaggregated
| outcomes l

0 trials reported sex
differences in safety

113 trials reported
sex of participants

3 trials reported sex
differences in efficacy

Figure 1 Flowchart summarising the selection of trials for
the overall analysis and analysis of women’s representation.

PPR 0.97,95% CI (0.91 to 1.03), Americas PPR 0.85, 95%
CI (0.78 to 0.92) and worldwide PPR 0.88, 95% CI (0.83
to 0.92)). There was no evidence that women’s represen-
tation increased between 2010 and 2019 (figure 3).

Among the 118 trials, 43 (36%) first authors and 28
(24%) last authors were women. Women’s representation
in trials appeared to be higher when the first author was
a woman (PPR 0.95, 95% CI (0.70 to 1.20)) than a man
(PPR 0.87, 95% CI (0.46 to 1.12)). Women also tended
to account for a higher proportion of participants when
the last author was a woman (PPR 0.98, 95% CI (0.79 to
1.14)) in comparison to a man (PPR 0.88, 95% CI (0.46
to 1.15)).

None of the trials reported screening failures or adverse
events stratified by sex. Only 8 out of the 118 trialsincluded
in the analysis of women’s representation reported sex-
disaggregated outcomes. Of those eight trials, three
reported significant differences between women and
men. One of these trials showed that nilvadipine slowed
cognitive decline to a greater extent among men than
women (NCT02017340). The other two trials investi-
gated the effects of behavioural interventions related to

physical activity, and both showed that women responded
better than men (NCT02262104 and NCT02290912).

DISCUSSION

In a subsample of 118 dementia trials registered on Clin-
icalTrials.gov and published between 2010 and 2021,
which included both sexes, 5 failed to provide data on
the percentage of women included. In the remaining
113 trials, 58% of the 110469 participants were women,
which was lower than their estimated representation in
the global dementia population (64%). Women’s repre-
sentation tended to be lower when the first or last authors
of the published manuscripts were men than women. In
addition, none of the trials reported screening failures
or adverse events stratified by sex, and sex-disaggregated
outcomes were only reported by 8 of the 118 dementia
trials studied.

Women'’s representation in clinical trials

Although dementia is now a leading cause of death
among both women and men in many countries, it is
most prevalent among women, particularly over the age
of 80.”" Despite this, women remain under-represented in
dementia trials, in proportion to their representation in
the dementia population overall. This is in keeping with
a recent study showing that the proportion of women in
clinical trials of Alzheimer’s disease, although higher than
the proportion of men, was significantly lower than that
in the general population.”” However, this earlier study
did not estimate the PPR, which provides a better under-
standing of the discrepancy between representation in
clinical trials and the general population. Furthermore,
the lack of significant progress in women’s representation
over the past decade hints at a lack of commitment to
addressing this situation. Importantly, our study suggests
that women underrepresentation may be lower when
the first or the last authors are women in comparison
to men. Similar findings were seen in a previous study
that showed a direct association between having women
as authors and women’s enrolment into clinical trials.”
However, we found a striking gender gap with women
accounting for about one in three first authors and one
in four last authors of the dementia papers included in
this study. This gender gap among authors of scientific
papers has been compellingly demonstrated in myriad
medical specialties and science in general.**** Altogether,
this evidence suggests that tackling the gender imbalance
in authorship of papers and women’s representation in
clinical trials may go hand-in-hand. It is thus imperative
that healthcare and academic institutions, funding agen-
cies, journals and the scientific community more broadly
commit to promoting gender equality in both policy and
practice at all levels. In line with this, the American Society
of Preventive Cardiology has recently published a practice
statement to improve the enrolment of women and ethni-
cally diverse populations in cardiovascular clinical trials,?
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Table 2 Baseline table of trial characteristics: number (and percentage)

Characteristic Trials Participants Female participants
Total 113 110469 63772 (57.7)
Age

<80 years 87 (77) 72866 (66) 38669 (61)

>80 years 26 (23) 37603 (34) 25103 (39)
Intervention

Drug 71 (63) 65512 (59) 34413 (54)

Behavioural 22 (19) 38812 (35) 25415 (40)

Other 20 (18) 6145 (6) 3944 (6)
Dementia type

Alzheimer disease 74 (65) 89223 (81) 53522 (84)

Delirium 4 (4) 1320 (1) 837 (1)

Dementia 24 (21) 7747 (7) 4651 (7)

Dementia with Lewy bodies 22 403 (0) 137 (0)

Huntington disease 1(1) 609 (1) 313 (0)

Mild cognitive impairment 6 (5) 10341 (9) 4027 (6)

Vascular dementia 2 () 826 (1) 285 (0)
Continent

Americas 49 (43) 66729 (60) 38240 (60)

Asia 15 (13) 4035 (4) 2336 (4)

Europe 21 (19) 7610 (7) 4992 (8)

Worldwide 28 (25) 32095 (29) 18204 (29)
Funding

Industry 61 (54) 53620 (48) 29849 (47)

Other 52 (46) 56849 (52) 33923 (43)
First author

Woman 34 (31) 48085 (44) 30889 (49)

Man 77 (69) 60282 (56) 31697 (51)
Last author

Woman 20 (18) 7158 (7) 4535 (7)

Man 91 (82) 101209 (93) 58051 (93)

which should pave the way for other medical societies to
promote equality and diversity in their fields.

Sex-disaggregated outcomes

It is concerning that reporting of sex-disaggregated effi-
cacy outcomes remains extremely uncommon (reported
in only 8 out of 118 trials in our study). The importance
of subgroup analysis by sex is emphasised by the fact that
three out of these eight found clinically relevant sex differ-
ences. This supports the hypothesis that heterogeneity in
treatment effects based on sex might underpin the lack of
benefit of interventions for dementia.?” This is in keeping
with evidence demonstrating sex differences in the
association between specific risk factors and dementia,
such as high blood pressure, raised cholesterol or sex
hormones.”® 2 This has two implications. First, even if
treatment effects are broadly comparable among women

and men, the absolute risk reduction may be larger in
one sex than another, depending on the strength of the
association. Second, it is possible that different mecha-
nisms underpin the development of dementia in women
and men, at least partially mediated by sex chromosomes
and hormones, which could lead to sex differences in
treatment effects depending on the target pathways.” *!
Therefore, sex-disaggregated analyses should be planned
in trial protocols to avoid missing potential sex-specific
benefits and comply with good research practice.32
Furthermore, safety outcomes should be reported strat-
ified by sex as it is biologically plausible that women and
men experience different adverse events or with different
severity. A comprehensive review of the US Food and
Drug Administration Adverse Event Reporting System,
which identified sex differences in adverse events for
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Participation to prevalence ratio for women

Figure 2 Subgroup analysis of participation to prevalence
ratio for women. Size of box is proportional to number of
studies in each category. PPR, participation to prevalence
ratio.

307 out of 668 drugs of the 20 most common treatment
regimens in the USA.”® This is in keeping with further
evidence suggesting that sex differences in pharmacoki-
netics and pharmacodynamics underpin, at least partially,

o

oo oo omme soe

=)
o

Participation to prevalence ratio for women

0.0

2010 2013 2016 2019
Year

Figure 3 Women’s representation in dementia trials, relative
to prevalence, between 2010 and 2021. Dots represent
participation to prevalence ratio for each trial plotted by year.
Line represents the mean participation to prevalence ratio per
year.

the increased risk of adverse events observed in women
compared with men.*** Considering that adverse events
are, in general, more common among older adults, who
are typically the population of dementia trials, it is crit-
ical that not only efficacy but also safety outcomes are
reported disaggregated by sex.”

Future perspectives

Our study suggested that trials led by women may have
higher representation of women in comparison to trials
led by men. This is in keeping with evidence showing
cardiovascular trials with a woman as principal inves-
tigator were associated with a 7% mean higher enrol-
ment of women as participants, in comparison to trials
led by a man.”” Furthermore, a recent study showed that
women accounted for only 10% of clinical trials leader-
ship committees, which may, at least partially, underpin
women’s underrepresentation among trial partici-
pants.”® Gender diversity in the clinical trial workforce
may improve understanding of diverse participant popu-
lations and, hence enable tailoring research products to
participants, thus fostering participation of a more diverse
population in trials.”’ In general, women authors appear
to be more likely to publish sex-disaggregated outcomes
than men," but as only three dementia trials in our study
reported sex-disaggregated outcomes, we were unable to
investigate this issue in our study. Altogether, these find-
ings suggest that closing the gender gap in clinical trial
leadership may play a key role both in addressing under-
representation of women among clinical trial participants
and incorporating sex-disaggregated analysis in clinical
trials.

Besides improving women’s representation as prin-
cipal investigators in trials, other strategies are important
to increase women’s participation in trials and promote
systematic reporting of sex-disaggregated analyses. First,
all scientific journals could require trials to include
both sexes in adequate numbers and address sex and
gender differences in order to be considered for publi-
cation.”® Second, frameworks to integrate health equity
considerations into the design of clinical trials should
be implemented in research to promote recruitment of
women."" ** This may involve avoiding women-specific
exclusion criteria (ie, women of childbearing age) as well
as more nuanced criteria that may preferentially select
men due to sex differences in how diseases manifest and
progress.* Third, addressing barriers that may dispropor-
tionately affect women is paramount, such as logistical or
communication barriers. For instance, evidence suggests
that women and men may make decisions differently and,
thus, the same enrolment process may yield different
enrolment rates by sex.** * In addition, our finding that
women’s under-representation is larger among younger
women suggests younger women may be particularly
vulnerable to barriers, such as caring responsibilities.*
Therefore, greater flexibility in study structures and
processes to cater for the different preferences and
needs of women and men, especially in younger age, may

6 Pinho-Gomes A-C, et al. BMJ Neurol Open 2022;4:000261. doi:10.1136/bmjno-2021-000261
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promote gender equality among participants in clinical
1 47
trials.

Limitations

This study has some limitations worth acknowledging.
First, our only source of data was ClinicalTrials.gov.
However, most journals require that trials are registered
in an open platform to be published, and this is the most
commonly used platform. Therefore, we expect our find-
ings to represent the overall landscape of dementia trials.
Second, we could not obtain full manuscripts for all the
trials eligible for inclusion in the analysis of women’s
representation, even though we searched the largest
databases of index publications (PubMed, Embase,
Google Scholar and Scopus). This may be because trials
were discontinued or achieved negative results, which are
less likely to be of interest to journals. This may result
in publication bias, which skews the evidence available,
and raises concerns about research integrity and trans-
parency, which may undermine public trust in research.
Moreover, lack of published reports can lead to unnec-
essary repetition of trials, which is a waste of precious
resources that would better be spent elsewhere. However,
we do not expect those trials would have had a material
impact on our findings, as there is no reason for those
trials to have better representation of women than other
trials. Third, the background population prevalence used
to derive the PPR may not have been representative of the
actual prevalence in the study population, particularly for
trials that enrolled participants worldwide and older trials
as we used the most recent data on prevalence provided
by the GBD. However, any errors in prevalence estimates
by population or time are unlikely to vary by sex, and it
is the women to men relative prevalence that informs the
PPR. Fourth, we used overall prevalence of Alzheimer’s
disease and other dementias, and there may be differ-
ences between different types of dementia within coun-
tries and regions. Fifth, we were unable to identify the
funder of each trial, other than for industry and NIH, due
to the limited information in the registry. Sixth, although
we searched for any published articles currently for
each trial, it is possible that some may eventually publish
secondary analyses with sex-stratified outcomes. Seventh,
we were unable to ascertain whether sex disaggregation
of results was prespecified, precluding analysis of whether
reporting of sex differences in primary publications
tended to occur only when a sex variation was observed.
Eighth, data extraction was performed by a single author,
which may have introduced error.

CONCLUSION

The lack of progress in disease-modifying strategies
for dementia may be, at least partially, underpinned by
pitfalls in clinical trials conducted over the past decade,
which have mainly been small, underpowered studies,
with a lack of geographical representation. Although
there is broadly sex parity among participants in dementia

trials, women’s representation has remained lower than
their representation in the underlying dementia popu-
lation. This, together with the lack of sex-disaggregated
outcomes, limits our ability to explore heterogeneity in
treatment effects based on sex differences, and hence may
impair improvements to the care of the rapidly increasing
number of women with dementia across the globe.

Contributors ACPG, CC and MW designed this study. ACPG extracted the data.
ACPG and JG searched for manuscripts. ACPG and KH analysed the data. ACPG
drafted the manuscript. All authors reviewed the manuscript. ACPG and CC are the
guarantors for this study. They accept full responsibility for the conduct of the study,
had access to the data, and controlled the decision to publish.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Map disclaimer The inclusion of any map (including the depiction of any
boundaries therein), or of any geographical or locational reference, does not imply
the expression of any opinion whatsoever on the part of BMJ concerning the legal
status of any country, territory, jurisdiction or area or of its authorities. Any such
expression remains solely that of the relevant source and is not endorsed by BMJ.
Maps are provided without any warranty of any kind, either express or implied.

Competing interests MW is a consultant for Amgen, Kyowa Kirin and Freeline.
Patient consent for publication Not applicable.

Ethics approval Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. Access
to all data is possible upon reasonable request through the corresponding author.

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

Ana-Catarina Pinho-Gomes http://orcid.org/0000-0001-9895-1493
Jessica Gong http://orcid.org/0000-0001-6027-7640

Cheryl Carcel http://orcid.org/0000-0001-8942-953X

REFERENCES

1 Cummings JL, Morstorf T, Zhong K. Alzheimer's disease drug-
development pipeline: few candidates, frequent failures. Alzheimers
Res Ther 2014;6:37.

2 Cummings J, Fox N. Defining disease modifying therapy for
Alzheimer's disease. J Prev Alzheimers Dis 2017;4:109-15.

3 Reisberg B, Doody R, Stoffler A, et al. Memantine in moderate-to-
severe Alzheimer's disease. N Engl J Med 2003;348:1333-41.

4 Ferretti MT, Martinkova J, Biskup E, et al. Sex and gender differences
in Alzheimer's disease: current challenges and implications for
clinical practice: position paper of the dementia and cognitive
disorders panel of the European Academy of Neurology. Eur J Neurol
2020;27:928-43.

5 Beam CR, Kaneshiro C, Jang JY, et al. Differences between women
and men in incidence rates of dementia and Alzheimer's disease. J
Alzheimers Dis 2018;64:1077-83.

6 Mielke MM, Vemuri P, Rocca WA. Clinical epidemiology of
Alzheimer's disease: assessing sex and gender differences. Clin
Epidemiol 2014;6:37-48.

Pinho-Gomes A-C, et al. BMJ Neurol Open 2022;4:000261. doi:10.1136/bmjno-2021-000261 7

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Ag Gzoz ANt ST uo wodfwg uadoAbojoinauy/:sdiy woly papeojumod ‘Z2z0z loquiardas G uo T9Z000-TZ0z-oulwg/9eTT 0T Sk paysiignd sy :uado ABojoinaN NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-9895-1493
http://orcid.org/0000-0001-6027-7640
http://orcid.org/0000-0001-8942-953X
http://dx.doi.org/10.1186/alzrt269
http://dx.doi.org/10.1186/alzrt269
http://dx.doi.org/10.14283/jpad.2017.12
http://dx.doi.org/10.1056/NEJMoa013128
http://dx.doi.org/10.1111/ene.14174
http://dx.doi.org/10.3233/JAD-180141
http://dx.doi.org/10.3233/JAD-180141
http://dx.doi.org/10.2147/CLEP.S37929
http://dx.doi.org/10.2147/CLEP.S37929

7

10

Sindi S, Kareholt I, Ngandu T, et al. Sex differences in dementia
and response to a lifestyle intervention: evidence from Nordic
population-based studies and a prevention trial. Alzheimers Dement
2021;17:1166-78.

Albayrak O, Tirniceriu A, Riemenschneider M, et al. The cathepsin
D (224C/T) polymorphism confers an increased risk to develop
Alzheimer's disease in men. J Gerontol A Biol Sci Med Sci
2010;65:219-24.

Zou F, Gopalraj RK, Lok J, et al. Sex-Dependent association of a
common low-density lipoprotein receptor polymorphism with RNA
splicing efficiency in the brain and Alzheimer's disease. Hum Mol
Genet 2008;17:929-35.

Hamilton G, Proitsi P, Jehu L, et al. Candidate gene association
study of insulin signaling genes and Alzheimer's disease: evidence

26

27

28

29

Michos ED, Reddy TK, Gulati M, et al. Improving the enroliment of
women and racially/ethnically diverse populations in cardiovascular
clinical trials: an aspC practice statement. Am J Prev Cardiol
2021;8:100250.

Ferretti MT, lulita MF, Cavedo E, et al. Sex differences in Alzheimer
disease - the gateway to precision medicine. Nat Rev Neurol
2018;14:457-69.

Rahman A, Jackson H, Hristov H, et al. Sex and gender driven
modifiers of Alzheimer's: the role for estrogenic control across age,
race, medical, and lifestyle risks. Front Aging Neurosci 2019;11:315.
Anstey KJ, Peters R, Mortby ME, et al. Association of sex differences
in dementia risk factors with sex differences in memory decline

in a population-based cohort spanning 20-76 years. Sci Rep
2021;11:7710.

for Sos2, PCK1, and PPARgamma as susceptibility loci. Am J Med 30 Zhu D, Montagne A, Zhao Z. Alzheimer's pathogenic mechanisms
Genet B Neuropsychiatr Genet 2007;144B:508-16. and underlying sex difference. Cell Mol Life Sci 2021;78:4907-20.

11 Gong J, Harris K, Peters SAE, et al. Sex differences in the 31 Guo L, Zhong MB, Zhang L, et al. Sex differences in Alzheimer's
association between major cardiovascular risk factors in midlife and disease: insights from the Multiomics landscape. Biol Psychiatry
dementia: a cohort study using data from the UK Biobank. BMC Med 2022;91:61-71.

2021;19:110. 32 Heidari S, Babor TF, De Castro P, et al. Sex and gender equity in

12 Nebel RA, Aggarwal NT, Barnes LL, et al. Understanding the impact research: rationale for the SAGER guidelines and recommended use.
of sex and gender in Alzheimer's disease: a call to action. Alzheimers Res Integr Peer Rev 2016;1:2.

Dement 2018;14:1171-83. 33 YuY, Chen J, Li D, et al. Systematic analysis of adverse event reports

13 Gong Y, Tan NS, Ali SH, et al. Temporal trends of women enroliment for sex differences in adverse drug events. Sci Rep 2016;6:24955.
in major cardiovascular randomized clinical trials. Can J Cardiol 34 Tamargo J, Rosano G, Walther T, et al. Gender differences in
2019;35:653-60. the effects of cardiovascular drugs. Eur Heart J Cardiovasc

14 Melloni C, Berger JS, Wang TY, et al. Representation of women in Pharmacother 2017;3:163-82.
randomized clinical trials of cardiovascular disease prevention. Circ 35 Zucker |, Prendergast BJ. Sex differences in pharmacokinetics
Cardiovasc Qual Outcomes 2010;3:135-42. predict adverse drug reactions in women. Biol Sex Differ 2020;11:32.

15 Dekker MJHJ, de Vries ST, Versantvoort CHM, et al. Sex 36 Lavan AH, Gallagher P. Predicting risk of adverse drug reactions in
proportionality in pre-clinical and clinical trials: an evaluation of older adults. Ther Adv Drug Saf 2016;7:11-22.

22 marketing authorization application Dossiers submitted to the 37 Yong CM, Suvarna A, Gummidipundi S. Sex of principal Investigators
European medicines Agency. Front Med 2021;8:643028. and patients in cardiovascular clinical trials. J Am Coll Cardiol

16 Strong B, Pudar J, Thrift AG, et al. Sex disparities in enroliment in 2022;79:1470-.
recent randomized clinical trials of acute stroke: a meta-analysis. 38 Denby KJ, Szpakowski N, Silver J, et al. Representation of women
JAMA Neurol 2021;78:666-77. in cardiovascular clinical trial leadership. JAMA Intern Med

17 Khan SU, Khan MZ, Raghu Subramanian C, et al. Participation 2020;180:1382-3.
of women and older participants in randomized clinical trials of 39 van Diemen J, Verdonk P, Chieffo A, et al. The importance of
lipid-lowering therapies: a systematic review. JAMA Netw Open achieving sex- and gender-based equity in clinical trials: a call to
2020;3:6205202-e:€205202. action. Eur Heart J 2021;42:2990-4.

18 Poon R, Khanijow K, Umarjee S, et al. Participation of women and 40 Nielsen MW, Andersen JP, Schiebinger L, et al. One and a half
sex analyses in late-phase clinical trials of new molecular entity million medical papers reveal a link between author gender
drugs and biologics Approved by the FDA in 2007-2009. J Womens and attention to gender and sex analysis. Nat Hum Behav
Health 2013;22:604-16. 2017;1:791-6.

19 Scott PE, Unger EF, Jenkins MR, et al. Participation of Women in 41 Bowling CB, Whitson HE, Johnson TM. The 5Ts: preliminary
Clinical Trials Supporting FDA Approval of Cardiovascular Drugs. J development of a framework to support inclusion of older adults in
Am Coll Cardiol 2018;71:1960-9. research. J Am Geriatr Soc 2019;67:342-6.

20 Institute for Health Metrics and Evaluation. Global health data 42 O'Neill J, Tabish H, Welch V, et al. Applying an equity lens to
exchange. Available: http://ghdx.healthdata.org/gbd-results-tool interventions: using progress ensures consideration of socially
[Accessed 02 Oct 2021]. stratifying factors to illuminate inequities in health. J Clin Epidemiol

21 Nichols E, Szoeke CEl, Vollset SE, et al. Global, regional, and 2014;67:56-64.
national burden of Alzheimer's disease and other dementias, 1990- 43 Van Spall HGC, Toren A, Kiss A, et al. Eligibility criteria of randomized
2016: a systematic analysis for the global burden of disease study controlled trials published in high-impact general medical journals: a
2016. Lancet Neurol 2019;18:88-106. systematic sampling review. JAMA 2007;297:1233-40.

22 Martinkova J, Quevenco F-C, Karcher H, et al. Proportion of women 44 Liu KA, Mager NAD. Women's involvement in clinical trials: historical
and reporting of outcomes by sex in clinical trials for Alzheimer perspective and future implications. Pharm Pract 2016;14:708.
disease: a systematic review and meta-analysis. JAMA Netw Open 45 Jenkins V, Fallowfield L. Reasons for accepting or declining to
2021;4:€2124124-e. participate in randomized clinical trials for cancer therapy. Br J

23 Reza N, Tahhan AS, Mahmud N, et al. Representation of women Cancer 2000;82:1783-8.
authors in international heart failure guidelines and contemporary 46 Michos ED, Reddy TK, Gulati M, et al. Improving the enroliment of
clinical trials. Circ Heart Fail 2020;13:e006605. women and racially/ethnically diverse populations in cardiovascular

24 Hart KL, Perlis RH. Trends in proportion of women as authors clinical trials: an aspC practice statement. Am J Prev Cardiol
of medical Journal articles, 2008-2018. JAMA Intern Med 2021;8:100250.
2019;179:1285-7. 47 Feuerstein IM, Jenkins MR, Kornstein SG, et al. Working together

25 Holman L, Stuart-Fox D, Hauser CE. The gender gap in science: to address women's health in research and drug development:
how long until women are equally represented? PLoS Biol summary of the 2017 women's health Congress Preconference
2018;16:e2004956. symposium. J Womens Health 2018;27:1195-208.

8 Pinho-Gomes A-C, et al. BMJ Neurol Open 2022;4:000261. doi:10.1136/bmjno-2021-000261

'salbojouyoal Jejiwis pue ‘Buluresy |y ‘Buiuiw elep pue 1xa) 01 parejal sasn 1o} Buipnjour ‘ybLAdod Ag pajoslold
1sanb Ag Gzoz ANt ST uo wodfwg uadoAbojoinauy/:sdiy woly papeojumod ‘Z2z0z loquiardas G uo T9Z000-TZ0z-oulwg/9eTT 0T Sk paysiignd sy :uado ABojoinaN NG


http://dx.doi.org/10.1002/alz.12279
http://dx.doi.org/10.1093/gerona/glp209
http://dx.doi.org/10.1093/hmg/ddm365
http://dx.doi.org/10.1093/hmg/ddm365
http://dx.doi.org/10.1002/ajmg.b.30503
http://dx.doi.org/10.1002/ajmg.b.30503
http://dx.doi.org/10.1186/s12916-021-01980-z
http://dx.doi.org/10.1016/j.jalz.2018.04.008
http://dx.doi.org/10.1016/j.jalz.2018.04.008
http://dx.doi.org/10.1016/j.cjca.2019.01.010
http://dx.doi.org/10.1161/CIRCOUTCOMES.110.868307
http://dx.doi.org/10.1161/CIRCOUTCOMES.110.868307
http://dx.doi.org/10.3389/fmed.2021.643028
http://dx.doi.org/10.1001/jamaneurol.2021.0873
http://dx.doi.org/10.1001/jamanetworkopen.2020.5202
http://dx.doi.org/10.1089/jwh.2012.3753
http://dx.doi.org/10.1089/jwh.2012.3753
http://dx.doi.org/10.1016/j.jacc.2018.02.070
http://dx.doi.org/10.1016/j.jacc.2018.02.070
http://ghdx.healthdata.org/gbd-results-tool
http://dx.doi.org/10.1016/S1474-4422(18)30403-4
http://dx.doi.org/10.1001/jamanetworkopen.2021.24124
http://dx.doi.org/10.1161/CIRCHEARTFAILURE.119.006605
http://dx.doi.org/10.1001/jamainternmed.2019.0907
http://dx.doi.org/10.1371/journal.pbio.2004956
http://dx.doi.org/10.1016/j.ajpc.2021.100250
http://dx.doi.org/10.1038/s41582-018-0032-9
http://dx.doi.org/10.3389/fnagi.2019.00315
http://dx.doi.org/10.1038/s41598-021-86397-7
http://dx.doi.org/10.1007/s00018-021-03830-w
http://dx.doi.org/10.1016/j.biopsych.2021.02.968
http://dx.doi.org/10.1186/s41073-016-0007-6
http://dx.doi.org/10.1038/srep24955
http://dx.doi.org/10.1093/ehjcvp/pvw042
http://dx.doi.org/10.1093/ehjcvp/pvw042
http://dx.doi.org/10.1186/s13293-020-00308-5
http://dx.doi.org/10.1177/2042098615615472
http://dx.doi.org/10.1016/S0735-1097(22)02461-5
http://dx.doi.org/10.1001/jamainternmed.2020.2485
http://dx.doi.org/10.1093/eurheartj/ehab457
http://dx.doi.org/10.1038/s41562-017-0235-x
http://dx.doi.org/10.1111/jgs.15785
http://dx.doi.org/10.1016/j.jclinepi.2013.08.005
http://dx.doi.org/10.1001/jama.297.11.1233
http://dx.doi.org/10.18549/PharmPract.2016.01.708
http://dx.doi.org/10.1054/bjoc.2000.1142
http://dx.doi.org/10.1054/bjoc.2000.1142
http://dx.doi.org/10.1016/j.ajpc.2021.100250
http://dx.doi.org/10.1089/jwh.2018.29019.pcss

	Dementia clinical trials over the past decade: are women fairly represented?
	Abstract
	Introduction﻿﻿
	Methods
	Data source and search strategy
	Data extraction
	Data analyses
	Role of funding source

	Results
	Overall dementia trials
	Women’s representation in dementia trials

	Discussion
	Women’s representation in clinical trials
	Sex-disaggregated outcomes
	Future perspectives
	Limitations

	Conclusion
	References


