Timothy Daly 
email: timothy.daly@paris-sorbonne.fr.
  
Marion Houot 
  
Anouk Barberousse 
  
Amélie Petit 
  
Stéphane Epelbaum 
  
Lathe R Itzhaki Rf 
  
Ball MJ Balin Bj 
  
Bullido Mj 
  
Cosby Sl 
  
Del Tredici 
  
Griffin Ws 
  
Haas J Hudson 
  
Kamer Ap 
  
Kell Ar 
  
Licastro F, Letenneur L, Lövheim Db 
  
Palamara At 
  
  
A Proposal to Make Biomedical Research into Alzheimer's Disease More Democratic Following an International Survey with Researchers
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Background: Therapeutic research into Alzheimer's disease (AD) has been dominated by the amyloid cascade hypothesis (ACH) since the 1990s. However, targeting amyloid in AD patients has not yet resulted in highly significant disease-modifying effects. Furthermore, other promising theories of AD etiology exist.

Objective: We sought to directly investigate whether the ACH still dominates the opinions of researchers working on AD and explore the implications of this question for future directions of research.

Methods: During 2019, we undertook an international survey promoted with the help of the Alzheimer's Association with questions on theories and treatments of AD. Further efforts to promote a similar study in 2021 did not recruit a significant number of participants.

Results: 173 researchers took part in the 2019 survey, 22% of which held "pro-ACH" opinions, tended to have more publications, were more likely to be male, and over 60. Thus, pro-ACH may now be a minority opinion in the field but is nevertheless the hypothesis on which the most clinical trials are based, suggestive of a representation bias. Popular vote of all 173 participants suggested that lifestyle treatments and anti-tau drugs were a source of more therapeutic optimism than anti-amyloid treatments.

Conclusion:

We propose a more democratic research structure which increases the likelihood that promising theories are published and funded fairly, promotes a broader scientific view of AD, and reduces the larger community's dependence on a fragile economic model.

INTRODUCTION 33

Disagreement is an obvious fact of science and 34 medicine, but how much is a good thing, and for how 35 long, is worth asking. The community of clinicians 36 and researchers working on Alzheimer's disease 37 (AD) is an amalgam of distinct communities with other drug targets, given the uncertainty around the clinical utility of anti-A␤ strategies [1]. Indeed, this shift bears witness to the existence of a variety of promising theories for AD with compelling evidence in favor of them (two examples being microbes [3] and tau protein initiation [START_REF] Arnsten | Hypoth-580 esis: Tau pathology is an initiating factor in sporadic Alzhei-581 mer's disease[END_REF]).

Scientists are guided in their decision-making by scientific data, but also by opinion. Zollman [START_REF] Zollman | The epistemic benefit of transient diver-583 sity[END_REF] studied how extreme beliefs and the unequal distribution of information within the research community can lead to "harmful homogeneity in science" (p. [START_REF] Reiss | Biomedical research, neglected diseases, and well-ordered science[END_REF]). The religious language used to describe debates around the suitability of therapeutic targets (defenders of A␤ and tau proteins as targets being termed BAptists and TAUists, for example [START_REF] Mudher | Alzheimer's disease -do 585 tauists and baptists finally shake hands?[END_REF]), while perhaps used jokingly, is nevertheless suggestive of the possibility of extreme opinions in the AD community.

An empirical study of productivity in AD research suggests that "a small percentage of researchers" [START_REF] Sorensen | Alzheimer's disease research: Scien-588 tific productivity and impact of the top 100 investigators in 589 the field[END_REF] has access to a large portion of the research apparatus, and while this does not entail that information is distributed unequally, it does suggest the strong Fig. 1. A decision tree revealing pro-ACH/non-ACH differences according to the participant's view on whether or not there is problematic adherence to the ACH. We cut the depth of the tree to 5. Leave nodes (i.e., the final node, colored in the figure) present the number of pro-ACH participants on the right and the number of non-ACH participants on the left. They are light blue to dark blue as a function of the proportion of non-ACH in the leave node, or they are light green to dark green as a function of the proportion of pro-ACH in the leave node. In the non-ACH group, 63 participants (47.37%) not identifying as male argue that there is problematic adherence to the ACH, compared to only 7 (18.42%) of the pro-ACH group with these characteristics. Conversely, on the other end of the scale, 6 males (or preferred not to say) of the pro-ACH group (15.79%) argued that there was no problematic adherence to the ACH and had more than 113 median publications. None of the non-ACH had this profile.
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METHODS

Ethical approval

The project received ethical approval from the 1).

Table 2 The popular vote of all researchers (pro-ACH and non-ACH taken together) toward therapeutic priorities in AD research, tabulated according to participants' gender. Concerning pharmacological treatments, anti-tau drugs offered more optimism than drug classes inspired by the ACH (anti-A␤ antibodies and/or BACE inhibitors). The top three therapeutic targets at preclinical, prodromal, and established AD were also investigated. Lifestyle interventions were a top-3 therapeutic priority at all stages of AD. Taken as a whole, the data suggest a favorable opinion regarding lifestyle factors and tau protein intervention. Gender differences in therapeutic priority were only significant for preclinical AD, with significantly more males arguing in favor of anti-A␤ strategies at this stage. Herrup [14] that "clinging to an inaccurate disease model" was the worst option for the future facing the community.

Finally, in order to better discern pro-ACH versus 224 non-ACH opinions, we used a decision tree (Fig. 1).

225

We also studied the popular vote of all participants 

Fricker

  as "wrong done to someone specifically in their capacity as a knower"[START_REF] Fricker | Epistemic Injustice: Power and the Ethics of Knowing[END_REF].Fricker draws on examples from literature and history where factors such as race and gender have led to points of view being ignored and condemned. Within AD research, there are surely examples of intellectually honest researchers defending controversial hypotheses of AD who have struggled to get data published, receive funding, and retain their place within academia. In other words, certain hypotheses might be rejected not because of scientific argument but rather the social structure of the field of biomedical research. We finish by noting that the results from our small sample tentatively suggest that the majority of women do not support the ACH and may therefore be particularly vulnerable to the negative consequences of a community gatekeeping bias. Taking the example of hypotheses concerning the role of microbes in AD [3], Fig. 1 from Liu et al. (2019) showed that " . . . up to 2019 . . . 0.5% of trials tested the virus hypothesis" [1]. Concerning this "fringe theory . . . now, researchers are taking it seriously" [27], but the fact that up to 2019 only 1 in 200 clinical trials were dedicated to testing a direct viral contribution to AD, does beg the question: are theories of AD 505 being funded according to fair-share principle? Ruth 506 Itzhaki, first author on the previously cited [3] edi-507 torial on microbes in AD, has described "a series 508 of battles . . . awful problems getting [research] 509 published" [28]. This example does point to the pos-510 sibility of epistemic injustice in AD research and 511 suggests the existence of perspectives whose contri-512 bution to improving the lives of AD patients has not 513 yet been fully taken into account. This seems like 514 community-wide oversight, since the perspectives of 515 marginalized individuals in institutionalized social 516 structures may offer particularly insightful contribu-517 tions to research, since they may recognize patterns 518 in the world that those in more dominant groups may 519 be blinded to [29]. 520 CONCLUSION 521 The recent, controversial accelerated FDA 522 approval of Biogen/Eisai's Aducanumab for use 523 in mild AD is a testament to the influence of the 524 ACH and its defenders on the scientific and wider 525 community. The tentative results found in our survey 526 suggest that there is a complex scientific landscape 527 behind the scenes which risks becoming even more 528 polarized following such divisive decision-making 529 [30]. Given the hardships of the research community 530 in finding a disease-modifying treatment for AD, 531 we argue that further efforts should be made to 532 explore democratic solutions to overcome research 533 monopolies so that their potential consequences 534 for patients and scientists can be reduced, and 535 clinically useful treatments for AD be found as soon 536 as possible. It appears that the optimism toward the 537 ACH which has motivated industry and the recent 538 FDA decision may well not be shared by the majority 539 of researchers working on AD. This study offers one 540 tool to study this otherwise silent majority, whose 541 collective wisdom, we argue, could and should be 542 taken into further consideration for the future of vital 543 research into this devastating, complex disease. 544 ACKNOWLEDGMENTS 545 The authors thank the Alzheimer's Association for 546 their invaluable help promoting the survey, Yves Agid 547 and Marc Dhenain for help with formulating some 548 survey questions, and three anonymous reviewers at 549 JAD Reports who all provided helpful feedback. TD 550 thanks the Fondation Médéric Alzheimer for financial

  

  et al. / A Proposal to Make Biomedical Research into Alzheimer's Disease 3 influence of an unrepresentative minority holding a hierarchical sway over the broader direction of the field, at least at the level of publications.

	Furthermore, scientific "gatekeeping" in the form
	of peer review and broader editorial policy offers the
	advantage of improving the mean quality of published
	science, yet also increases the risk that more uncon-
	ventional work is rejected [8]. Indeed, critiques of
	current funding and publishing models for biomedi-
	cal research exist beyond the AD field, arguing that
	conformity to dominant models tends to lead to more
	funding [9].
	These conditions suggest there might well be
	"harmful homogeneity" in AD research. However,
	the presence of an influential minority suggests that
	getting access to most researchers' opinions about

AD should not be done via published literature, which cannot adequately represent most researchers working on this disease. We therefore decided to opt for direct access to researchers' opinions about theories and treatments of AD, creating the first anonymous survey into researcher opinions towards theories and treatments of AD. Firstly, we wanted to test Hunter et al.

[START_REF] Hunter | Time for a change 596 in the research paradigm for Alzheimer's disease: The value 597 of a chaotic matrix modeling approach[END_REF]

's hypothesis of "two broad groups; those that support the amyloid cascade hypothesis and those that do not" (p. 254). Secondly, we tested the constituent characteristics of the "pro-ACH" group, before thirdly, looking at possible gender differences in the popular vote toward treatments for AD at different disease stages.

Table 1

 1 Differences in the constitutive characteristics and opinions towards the ACH of pro-ACH and non-ACH groups identified in the 173 survey participants. Gender differences were significant between the pro-ACH and non-ACH groups, with significantly more men being pro-ACH. Taken together, these results suggest an association between having pro-ACH opinions and more publications, industry money, and self-identifying as a key opinion leader. ‡ Fisher's exact test was used to compare groups for categorical variables
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Research Ethics Community of Université Paris

Descartes and the data analysis complied with the French Commission nationale de l'informatique et des libertés (CNIL) guidelines. All the data were anonymous and were analyzed in aggregate form. All of the raw survey data are available as Supplementary Material.

Survey design and promotion

Questions and responses comprised two categories: research (on theories and treatments of AD) versus personal (age, profession, country of primary affiliation, clinical versus academic researcher). All questions were optional and multiple choice, based on extensive literature review and consultation with colleagues. The participant filled out the form by folwere due to the optional nature of every question. 146 Hypothesis 1: Pro-ACH responders will account * Questions regarding the ACH's validity ACH drugs are NOT a source of optimism for treating human AD. 86 (54.09%) 86 (71.67%) 0 (0.00%) < 0.001 * Beta-amyloid is NOT the #1 therapeutic priority either at preclinical, early, or late-stage AD. * Moving forwards (2019-), the ACH is a useful tool to guide research. * Agree with Tanzi (2015): "The clinical trials are failing the hypothesis, the hypothesis is not failing the trial." * Agree with Tanzi (2017): "we need to find people with amyloid buildup on their brain early" and target it. * Agree with Davies (2016): "we're flogging a dead horse" (A-beta) * gender; country: USA; number of publications; clinical researcher (versus academic); key opinion leader (KOL); has received money from the pharmaceutical industry; whether or not the researcher thinks that "there is problematic adherence to the ACH from either industry, academia, associations or funding bodies". We used the term adherence so as to insist upon the ACH's ability to guide research. Hypothesis 3: There will be gender differences in the popular vote towards treatments of AD We investigated the top three therapeutic targets at pre-clinical, early-stage, and established AD according to popular vote of all the survey participants, pro-ACH and non-ACH taken together. Furthermore, if there are gender differences to be found in the 183 pro-ACH/non-ACH groups, we might expect to find 184 gender differences in the popular vote. Only par-185 ticipants identifying as M/F were included in the 186 gender differences so as to use comparable group 187 sizes for significance testing (n = 7 of "trans/prefer 188 not to say/other"). 189 RESULTS 190 One hundred and seventy-three participants from 191 across the world filled out the questionnaire, with 192 a median age of 35, 83 (49.7%) being women. We 193 identified 38 (22.0%) "pro-ACH" participants, the 194 majority (65.8%) of whom were men (Table

wisdom," the empirical finding that informed col-