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A B S T R A C T

Background: Less women participate in Alzheimer Disease (AD) trials compared to their estimated representation 
in the global dementia population.
Objectives: We aimed to apply five most commonly used eligibility criteria to a real-world memory clinic pop
ulation to compare male and female eligibility according to these criteria.
Design: Observational.
Setting: Memory clinic setting.
Participants: Consecutive patients (2000–2024) from Amsterdam Dementia Cohort with a diagnosis of mild 
cognitive impairment (MCI) or AD (n = 3835).
Measurements: Free-text eligibility criteria of n = 608 phase II and III AD drug trials were downloaded from 
ClinicalTrials.gov (March 28, 2025). A machine-learning model was trained and validated to extract all eligibility 
criteria. Next the criteria were applied on observational real world data from on memory clinic diagnostic work- 
up.
Results: Top 5 most common AD clinical trial eligibility criteria were 1) no other central nervous system disorder 
related to cognitive impairment (84%), 2) participation of a caregiver (72%), 3) MMSE (66%, range 20–30), 4) 
no comorbidities, specifically vascular and mental health (62%), 5) no contra-indications for study procedures 
such as lumbar puncture, MRI and PET (59%). Applying the abovementioned criteria results in 33% of men and 
23% of women remaining eligible (p<.001). Main reason for non-eligibility is caretaker absence (applicable for 
20% of men and 38% of women) and low MMSE (32% of man and 54% of women).
Conclusion: Based on five commonly used eligibility criteria of AD clinical trials, women in our clinic-based 
cohort are less eligible for participation in AD drug trials than men. This discrepancy was mainly attributed to 
lack of caregiver presence and lower MMSE at presentation. These results provide clues for trial design to 
facilitate more equal inclusion of women.

1. Background

Fewer women participate in Alzheimer Disease (AD) trials than their 

representation in the general dementia population. A recent systematic 
review by Pinho-Gomes showed that in the last 10 years in AD trials 58% 
was women while their estimated representation in the global dementia 
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population is 64% [1]. The relative underrepresentation of women 
limits our ability to explore heterogeneity in treatment effects based on 
sex differences. A real omission, as sex-based pharmacokinetic differ
ences have been found in 76 out of 86 commonly used drugs [2]. These 
are related to more adverse drug reactions in women compared to men 
[2]. Furthermore, some drugs seem to be more effective in one sex 
compared to the other [3–5]. Highlighting the necessity of a represen
tative study population.

In recent years, differences have been demonstrated in the pheno
type of AD between men and women [6]. For example, women are on 
average older at the time of their initial diagnosis. Men and women with 
AD exhibit different cognitive and psychiatric symptoms. There is 
emerging data that also biomarker levels differ by sex, suggesting a 
difference in biology [7]. Women might less often be eligible for AD 
trials due to these sex differences in AD phenotype. Clinical trial eligi
bility criteria specify the characteristics and health factors required for a 
person to participate in a study. To date, it has not yet been systemati
cally investigated how different eligibility criteria affect eligibility of 
men and women for AD trials. If specific eligibility criteria affect males 
and females differently, amending these eligibility criteria could facili
tate more inclusive trials.

We aimed to investigate the influence of common eligibility criteria 
of AD trials on the proportion of eligible men and women. Firstly, we 
established the top 5 most commonly used eligibility criteria in phase II 
and III AD interventional trials. Secondly, we applied these eligibility 
criteria separately to men and women presenting at a memory clinic and 
compared the proportion eligible.

2. Method

2.1. Identification of AD trials

Clinical study data (n = 1810) were downloaded from the Aggre
gated Analysis of ClinicalTrials.gov (March 28, 2025). From the condi
tion or disease field, we queried ‘Alzheimer’s disease’ or ‘mild cognitive 
impairment’ (n = 1371) and kept studies with intervention categories 
for ‘drug’, ‘dietary supplement’, or ‘biological’ (n = 1021). All phase II 
and III trials were included (n = 617). We excluded studies on mild 

cognitive impairment related to other forms of dementia and those 
specifically investigating diagnostics or biomarkers for AD. If a study 
was labelled as a combination of two trial phases, the latter phase is used 
for categorizing the study. Finally, one study was excluded due to 
missing trial phase and 8 for missing eligibility criteria, resulting in 608 
studies remaining for analysis. Of which 398 (65%) phase II and 210 
(35%) phase III studies. Flowchart of eligibility is presented in Fig. 1.

2.2. Extraction of eligibility criteria

The trial dataset contained structured information on study start 
year, anticipated sample size and intervention type. However, eligibility 
criteria for each trial were documented in continuous free text format. 
To extract specific eligibility criteria, we trained and validated a ma
chine learning model for named entity recognition, details are described 
below.

Stratified by phases II and III, the eligibility criteria text for a random 
subset of 113 trials (19%) were manually annotated using LANN, a web- 
based annotation tool (https://ieeexplore.ieee.org/documen 
t/9874575). Three independent researchers (LGE, XTF and YMFL) an
notated the inclusion and exclusion criteria through a series of stan
dardizations, cross-checks and discussions. Relationships between 
interdependent entities such as a laboratory measurement and its value 
were also specified. We developed a first version of an annotation guide 
and subsequently compared annotations between annotators and 
revised the guidelines iteratively. A set of gold standard criteria were 
determined based on the final agreement between annotators. Overall 
inter-annotator agreement was >0.70 for Cohen’s Kappa and the F1 
measure ranged between 0.61 and 0.71. Comparable criteria were 
grouped, for instance informant and caregiver. Comorbidities were 
grouped by body systems. Only depression was kept separate because of 
its high frequency. A named entity recognition (NER) model was trained 
and validated in Python 3.9.20 using PyCharm Community Edition 2024 
IDE. The validated model was then used to extract all eligibility criteria 
from the remaining 495 unannotated trials. Manual checks were per
formed. The eligibility criteria were grouped into 6 main categories; 
demographics, diagnostic cognitive assessment, concurrent treatment, 
medical history, AD specific treatment and safety/clinical stability. A 

Fig. 1. flowchart of deriving unique interventional studies 
Meets conditions: ‘Alzheimer’s disease’ or ‘mild cognitive impairment due to AD’Meets Interventions: ‘drug’, ‘dietary supplement’, or ‘biological’. 
Meets Phases: phase II and/or III trials were included (n = 617).
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sensitivity analyses was performed to align with contemporary trial 
design. The data was restricted to industry phase III studies in the last 5 
years and eligibility criteria were manually checked (n = 26). Further 
details can be found in Supporting Information, Methods S1. The 
structured dataset on trial inclusion and exclusion criteria is available 
upon request by contacting the study authors.

2.3. Memory clinic participants

We included all consecutive patients with a diagnosis of MCI or AD (n 
= 3835) who were seen for a first diagnostic visit between June 1999 
and December 2024 from the Amsterdam Dementia Cohort. Patients 
underwent a standardized diagnostic work-up consisting of a visit to a 
neurologist including physical and neurological examination during 
which medical history and current medications were systematically 
recorded, standardized neuropsychological testing, brain Magnetic 
Resonance Imaging (MRI), laboratory investigations, and CSF biomarker 
testing as described elsewhere [8,9] The clinical diagnoses were made in 
a multidisciplinary consensus meeting based on applicable criteria for 
MCI [10] and dementia due to AD [11]. All participants provided 
informed consent for research use of their medical data. The 
non-consent rate <5%.

Variables that were used for this study included age, sex, living sit
uation, marital status, clinical diagnosis, Mini Mental State Examination 
(MMSE) [12], Geriatric Depression Scale (GDS) [13], infarct on brain 
MRI, medical history and medication were assessed to create a variable 
on potential contra-indications for study procedures such as PET and/or 
lumbar punction. Other non-AD central nervous system (CNS) disorder 
related to cognitive impairment, was defined as potential temporal 
relation with cognitive symptoms and other CNS diagnosis mentioned at 
clinical diagnosis, such as seizures and substance abuse. Amyloid posi
tivity was defined on local positive CSF ptau/AB-42 ratio or positive 
PET. Presence of study partner was defined as living situation inde
pendent with partner/family. A sensitivity analysis on this proxy was 
performed by using clinic visit accompanied by spouse or child. 
Depression was defined by a GDS score of ≥9. Variables were dichoto
mized into the presence or absence of a characteristic.

2.4. Data analysis

The top 5 eligibility criteria that were identified through text mining 
of clinicaltrials.gov were applied stratified by sex on the Amsterdam 

Dementia Cohort. For variables with varying ranges (for example 
MMSE), the most commonly used range was used for analysis. The 
proportion of eligible men and women was compared by the Chi-Square 
test. The analysis was repeated in a cohort with amyloid positive pa
tients, a sensitivity analysis to reflect contemporary diagnostic insights 
in biomarker-confirmed AD.

3. Result

Fig. 2 displays the eligibility criteria that were present in phase II and 
III trials at a frequency of >10%. The five most common AD clinical trial 
eligibility criteria were 1) no other central nervous system (CNS) dis
order related to cognitive impairment (84%), 2) participation of a 
caregiver (72%), 3) MMSE (66%; most common range 20–30, see sup
plementary figure 1), 4) no pre-specified comorbidities, in particular 
vascular and mental health conditions (62%), 5) no contra-indications 
for study procedures such as lumbar puncture, MRI and PET (59%). 
When restricting to phase III trials in the last 5 years, the same 5 criteria 
were the most common, with participation of caregiver in 77% and the 
other 4 share the first place with 96% each (see supplemental Figure S1). 
A steep increase of frequency in eligibility criteria was observed for CDR 
(65%), amyloid positivity (69%), no comorbidities (range 23–96%), 
memantine (65%) and contraindications for study procedures (96%).

From the total 3835 patients 48% was women. The average age was 
66.3 years (SD 8) and the far majority had an independent living situ
ation (91%). Median MMSE was 23 [inter quartile range 19–26]. For the 
informant history, the patients were most often accompanied by their 
spouse (men 78% and women 57%) or a child (men 8% and women 
24%).

The eligibility funnel for men and women is presented in Fig. 3. After 
screening for no other CNS disorder 84% of men and 90% of women 
remained eligible. Additional screening on participation of caregiver 
reduces eligibility to 67% of men and 56% of women reflecting 17% 
versus 34%-point reduction in women. MMSE (20–30) further reduces 
eligibility to 52% of men and 36% of women reflecting 15% versus 20%- 
point reduction in women. Further increasing the gap. No vascular or 
mental health comorbidities reduces eligibility to 33% of men and 23% 
of women. Lastly, applying no contra-indications for study procedures 
excluded only a few patients, resulting in an overall eligibility of 33% of 
men and 23% of women (p<.001). Main reason for non-eligibility is 
caretaker absence (applicable for 20% of men and 38% of women) and 
low MMSE (32% of man and 54% of women). When we restrict 

Fig. 2. Frequency of the eligibility criteria 
Frequency of the eligibility criteria grouped by themes, only criteria that were mentioned >10% are depicted.
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informant to spouse, 31% of men and 22% of women remained eligible 
(p<.001), while if we add children as informant this would increase to 
34% of men and 31% of women (p.064). A sensitivity analyses 
restricting the cohort to known amyloid positive patients, showed a 
comparable difference in eligibility between men (37%) and women 
(26%, p<.001; supplemental figure S3).

Table 1.

4. Discussion

When applying five commonly used eligibility criteria of AD clinical 
trials in a clinic-based cohort, only one in five women remained eligible 
for trial inclusion compared to one in three men. This discrepancy was 
mainly related to lack of caregiver presence and too advanced cognitive 
decline at presentation. These results provide clues for trial design to 
facilitate more equal inclusion of women.

The requirement for caregiver participation in AD trials mainly re
lates to informant-based outcome measures and consequently cannot 
simply be removed from the eligibility criteria. An informant needs to 
have regular and frequent contact with the participant to be able to 
provide the requested information. The clinical dementia rating scale 
(CDR) is an example of a commonly used assessment that needs infor
mant input. Preferably, the same well-informed informant provides 
input during trial duration, as CDR scores are modified according to 
informant characteristics [14,15]. Women with AD are more often living 
alone/widowed [6,16], hence they are less likely to have a spouse that 
can accompany them to the trial site. This is also seen in our memory 
clinic data, where 79% of men and 57% of women visited the clinic with 
their spouse. While children accompany their parent in 8% in men and 
24% in women. When we restrict informant to spouse and apply the five 

Fig. 3. Funnel of eligible percentage for men and women. 
Percentage of eligible participants are presented by the addition of each criterion for men and women separately. Missing data rates in cohort are presented in the 
Unknown column. The column percentage of remaining eligible patients is shown for men in blue and women in purple. 
a) CNS diagnosis with potential temporal relation with cognitive symptoms, such as seizures and substance abuse. 
b) Person with regular contact that joins study visits as informant, in the data set defined as living situation independent with partner/family 
c) Defined as infarct on brain MRI and/or GDS ≥9. 
d) Medical history and medication were assessed for potential contra-indications for study procedures such as PET and/or lumbar punction (MRI needed to be 
available for comorbidities). 
n.a. = not applicable.

Table 1 
Demographic and clinical characteristics of participants.

All n = 3835 Men n = 2011 Women n = 1824

Demographics ​ ​ ​
Age, yr 66.3 (SD 8.0) 66.6 (SD 7.9) 66.1 (SD 8.1)
Sex, female 1824 (48%) ​ ​
Independent living 3480 (91%) 1844 (92%) 1636 (90%)

Alone 747 (20%) 243 (12%) 504 (27%)
With partner/family 2733 (71%) 1601 (80%) 1132 (63%)

Clinical diagnosis ​ ​ ​
MCI 1184 (31%) 753 (37%) 431 (24%)
MMSE 23 [19–26] 24 [21–27] 22 [18–26]
MMSE 20–30 2398 (63%) 1398 (70%) 99 (56%)
Amyloid pos ​ 1255 1315
Amyloid neg ​ 279 105

Comorbidity ​ ​ ​
Depression 192 (5%) 88 (4%) 104 (6%)
Stroke 106 (3%) 69 (3%) 37 (2%)
Contra-indication LP 212 (6%) 161 (8%) 51 (3%)

Social support ​ ​ ​
Widow(er), n (%) 330 (9%) 61 (3%) 269 (15%)
Informant history by 

Spouse 
Child 
Sibling 
Other 
None/missing

2602 (68%) 
602 (16%) 
131 (3%) 
183 (5%) 
317 (8%)

1572 (78%) 
167 (8%) 
49 (2%) 
64 (3%) 
159 (8%)

1030 (57%) 
435 (24%) 
82 (5%) 
119 (6%) 
158 (9%)

Values are presented as mean (SD) or n(%), except for MMSE median and 
interquartile range.
MMSE = Mini Mental State Examination.
Depression is defined as GDS≥9 (missing n = 450, 12%), Stroke is defined as 
MRI evidence of brain infarct (missing 954, 25%).
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criteria, 31% of men and 22% of women remained eligible, while if we 
add children this would increase to 34% of men and 31% of women. In 
addition to information, the study partner responsibilities include 
communicating with the study team, accompanying the participant to 
visits, and monitoring adherence [17]. Children of a patient without a 
partner, are more likely to need to perform supportive activities in 
addition to regular working hours. Regular trial site visits therefore 
might be too demanding. Facilitating participation of this group will 
likely increase participation of women with AD. This could be accom
plished by being considerate of the caregiver burden in the trial design 
and execution. Examples could be remote/online assessments at a time 
that fits the informant, on-site support of participants that visit the site 
without a caregiver, accompanied transport to and from the site and 
home-visits.

The MMSE eligibility criterion is used to define the severity of the 
cognitive symptoms. In AD-drug development, the trend is to recruit 
participants in early stages of the disease. In general, the hypothesis is 
that for most disease modifying therapies, the benefit is early in the 
disease process. Women, however tend to be more severely affected at 
time of an AD diagnosis [6], which makes them less eligible for trial 
participation. Lowering the MMSE threshold will increase the propor
tion of eligible women. However data from previous trials of both suc
cessful and unsuccessful anti-Amyloid therapies suggested that there 
was little clinical effect of amyloid removal if patients progressed past 
the mild dementia phase [18]. The challenge at hand therefore seems to 
be how to get more women diagnosed at an earlier disease stage. General 
practitioners can help with timely referrals to memory clinics. Partners 
often initiate visiting a physician, but elderly women more often life 
alone, which could cause delay in help seeking. An Australian study has 
shown that men are more likely to delay help seeking on behalf of 
someone else that has early signs of dementia, while women are more 
likely to seek help for others [19]. It is imaginable that women present 
later at a memory clinic because of a delay by their male spouse. In 
addition, women seem to have a cognitive advantage in very early 
stages, especially in verbal memory, however they then progress more 
rapid compared to men [20]. This could complicate early recognition by 
the patient, family and/or professional caregivers. Overall, awareness in 
both the general public as well as medical experts of sex and gender 
differences in AD presentation could support earlier recognition of AD.

Underrepresentation of women in trials due to eligibility criteria, 
could result in less women being eligible for treatment once approved. 
Appropriate use criteria for newly approved drugs often reflect the trial 
eligibility criteria [21,22]. Furthermore, growing evidence has surfaced 
to challenge the assumption that the results from RCTs are generalizable 
to all patient populations. The underrepresented groups, like women, 
can have distinct disease presentations or health circumstances that 
affect how they will respond to an investigational drug or therapy. 
Hence, representative populations in clinical trials has become an 
important policy priority and several strategies have been employed. 
Leveraging technology for remote access and decentralized studies, 
partnering with community groups and patient advocacy organizations, 
addressing financial and logistical barriers for participants, and 
recruitment strategies accounting for gender-related factors [23].Our 
study shows that mindful design of the eligibility criteria, avoiding un
necessarily restrictive criteria, is another strategy to recruit a more 
representative population. Additionally, our findings here support the 
call for sex-stratified reporting of AD clinical trial results, which ensures 
conscious efforts to power future trials for adequate representation of 
both female and male participants [24].

Our study should be considered in the context of some limitations. 
This study does not evaluate actual trial screening outcomes but rather 
compares the proportion of men and women who would remain eligible 
after applying selected criteria in an observational memory clinic 
cohort. Not all trial eligibility criteria are collected with an identical 
definition during a memory clinic visit, so we needed to use a proxy. For 
instance, the informant during the memory clinic visit is not asked 

whether he/she is willing/able to be a study partner in a clinical trial. 
Furthermore, we don’t know how much time the informant spends on 
average with the patient. We operationalized the criterion “study part
ner” as “living situation independent with partner/family”, as this group 
most likely will be in the position to provide a well-informed informant. 
The criterion “comorbidities” in clinical trials is often specified as 
“clinically relevant in the opinion of the investigator”, we therefore did 
not want to use medical history alone. We have operationalized it more 
objectively with a GDS score for mental health and MRI imaging for 
cerebrovascular disease. This strategy might underestimate the number 
of excluded subjects as some clinically relevant comorbidities might not 
be captured. Although clinical trial design and AD diagnostics have 
evolved over time, sensitivity analyses restricting to contemporary in
sights showed comparable results. The memory clinic data represents a 
tertiary center setting with relatively more young patients compared to 
general memory clinics. At a young age the incidence rates do not differ 
much by sex, the difference is mainly seen at older age [25]. This likely 
explains the higher number of men (n = 2011) compared to women (n =
1824) and potentially hampers generalizability of the percentages to the 
general AD population. The two main reasons for non-eligibility, namely 
that women present with more severe cognitive problems and without a 
partner can likely be extrapolated to older populations and other 
memory clinics/countries. The gender difference in life expectancy and 
the tendency of women to marry older men creates a worldwide situa
tion where significantly more elderly men are married, while more 
elderly women are widowed and living alone [26]. Several studies have 
shown that women at time of diagnosis are more severely affected [27,
28]. In addition, in an US-based cohort a delay in diagnosis has been 
reported more likely with adult child carer compared to a spouse carer 
[29]. Our finding that less women are eligible is in our opinion likely to 
be relevant to other countries and memory clinics. As this does not 
concern specific biological disease aspects but rather relates to socio
cultural aspects that are even more pronounced at older age.

Our results highlight that trial eligibility criteria should not be 
overlooked in the quest for representative trial populations in AD drug 
development. As they differently impact chances of men and women 
participating in a trial. Even if a criterion is essential and cannot be 
removed, the trial design and execution could be altered to facilitate 
participation.
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