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Abstract 
Despite many decades of researches and large numbers of clinical trials, there 
remain no effective treatments for Alzheimer’s disease, a major degenerative 
ageing brain disorder. The potential treatments have focused on targeting the 
accumulation of amyloid beta-peptide in the brains of patients, but without 
success in slowing the disease. Many studies have now identified a large range 
of pathological changes (i.e. altered immune activity, mitochondrial impair-
ment, abnormal microbiome), and links to the external environment (i.e. as-
sociations with infections, the influence of air pollution). While the concept 
of One Health (which considers links between the environment and human 
disease) has traditionally been applied to the understanding of the human in-
fectious disease, it is argued here that the One Health approach should be 
adopted for Alzheimer’s disease. This would provide a far more holistic un-
derstanding of the disease, and its relationship to a growing number of ex-
ogenous factors, as well as could potentially lead to new treatment options tar-
geted at the confluence of external influences, and internal molecular pathways. 
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1. Introduction 

The term “One Health” was developed in 2004 in relation to human infectious 
diseases such as SARS and H5N1 Influenza-associated with anthropogenic im-
pact on wildlife and ecosystems. The concept started as One Medicine, then One 
World One Health and more recently, simply One Health. One Health “recog-
nizes that the health of humans, animals and ecosystems are interconnected. It in-
volves applying a coordinated, collaborative, multidisciplinary and cross-sectoral 
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approach to address potential or existing risks that originate at the animal-hu- 
man-ecosystems interface” [1]. 

While this concept has traditionally been applied to the integral and complex 
relationship between the environment (animal, plant, and disease agents and 
vectors), and human health (primarily infectious disease) [2] [3], there is a strong 
argument for the application of this concept to diseases that have traditionally 
(but perhaps incorrectly) been attributed more to an intrinsic genetic basis such 
as cancer and neurological disease. The rationale for extending a One Health 
approach to complex, and multifactorial diseases, such as Alzheimer’s disease, a 
major ageing disorder, is the growing realization that such diseases do in fact 
have many pathological changes and etiological links to environmental factors. 

2. Alzheimer’s Disease 

Alzheimer’s Disease (AD) is the most common neurodegenerative disorder and 
affects over 50 million people worldwide. AD patients suffer progressive cogni-
tive decline, with death normally occurring between 3-9 years after diagnosis. 
Due to an ageing population, numbers of AD cases are expected to reach 150 
million by 2050. Despite over 100 years of investigation and over 160,000 scien-
tific papers published, there has been little advance in treatment of the disease. 
Over 200 clinical trials have failed, and there are no disease-modifying drugs 
approved for treating patients (only symptomatic treatment). The last approved 
drug for AD was in 2003, nearly 20 years ago. Aduhelm may change this, al-
though it is yet to clear a Phase 4 trial [4]. Clearly, targeting a single feature of 
AD, such as amyloid aggregation, while potentially yet offering some small 
benefit in a subset of patients, will not lead to a broad preventative or cure for 
such a complex disease. 

3. Rethinking Our Approach to Alzheimer’s Disease 

It is this complexity that not only makes treatment approaches difficult, it also 
underlines the basis for re-thinking our approach, and adopting a One Health 
interpretation. This complexity can be seen when we look at the pathological 
hallmarks of AD, which extend well beyond accumulation of amyloid and tau 
proteins (the hallmark neuropathology). Growing evidence now paints a com-
plex multifactorial picture of the disease that includes strong changes to the 
immune system both centrally and peripherally, a relationship between gut, and 
possibly other microflora and the disease, traumatic brain injury, mitochondrial 
dysfunction, olfactory changes, oxidative stress, altered trace element and bio-
metal homeostasis, links to external factors such as air pollution (including in-
dustrial and domestic), and a strong link between infectious disease agents (vi-
ruses, bacteria, and parasites) and AD [5] [6] [7]. All these must be integrated 
into the growing understanding of polygenic backgrounds, diet, sleep, exercise, 
mental health, vascular disease, diabetes, and of course ageing, and other factors 
as reviewed in [8] (Figure 1). Whilst examining the impact of each of these fac-
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tors independently is already an enormous challenge (i.e. over 8000 papers al-
ready exist on inflammation and AD) many (perhaps all) of these factors show 
complex integration. For example, the immune system is modulated by micro-
biomes, state of mental health, biometal levels, diet, sleep, environmental pollu-
tion, infections, etc. [9] [10]. And conversely, many of these factors can also po-
tentially be affected by the immune system. Even if we restricted the major fac-
tors affecting AD onset and progression to 10 - 20 (this is likely to be a very low 
estimate), if each of those also affects and is affected by each of the other factors, 
the combination of these interplays becomes perhaps as complex as trying to 
understand the functioning of an entire ecological system, certainly supporting 
the concept of needing to approach AD with a One Health mindset. 

The One Health approach for AD is further supported by the growing recog-
nition that our health, including brain disorders, is closely linked to the envi-
ronmental world. This is evident not just through the strong evidence for infec-
tious disease agents in AD [11], but the strong relationship between AD and 
other environmental factors including air pollution, biometals (which come 

 

 
Figure 1. Alzheimer’s disease consists of several major pathological elements (red), addi-
tional processes that link the endogenous changes to the external environment (orange), a 
number of contributing factors that are again linked to external influences (green), and 
finally truly exogenous impacts (blue). The only factors in the disease currently being 
targeted at a significant level are amyloid, tau, and now inflammation. 
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from the bioinorganic world) [12] [13] [14], impact of heat stress (driven more 
recently by climate change), and even access to green space and its influence on 
mental and physical health [15]. The influence of these factors may be direct, or 
can modulate our susceptibility to, and progression of, AD, via polygenic rela-
tionships, or epigenetics. If a human disease is impacted by a broad range of en-
vironmental factors, such as occurs with AD, then surely, we should try to un-
derstand the disease using a One Health approach. 

4. A One Health Approach to Alzheimer’s Disease Will 
Change How We Study and Treat the Disorder 

So, assuming that we undertake this approach, what would that mean for future 
studies and treatments for AD? Primarily, we should not think of AD as a dis-
ease caused by protein accumulation alone. This has not worked after decades of 
intense research and billions of research dollars. We must also accept that there 
will be no single effective treatment or cure for AD, or any complex neurological 
disease. Simply targeting one aspect of the disease is akin to plugging a single 
hole in a sieve and expecting it to stop the water flow. We must have a greater 
focus on cross-disciplinary research, and encourage researchers to examine how 
multiple factors interplay in the cause and progression of disease. Clearly no one 
group can simply tie together all the pieces we know contribute to the disease, 
just as no one group can understand all aspects of an ecological system or how it 
contributes to human zoonoses such as SARS-CoV-2. However, large multi-discip- 
linary teams can make enormous progress finding links between key etiological 
and pathological factors of disease, and in future, other teams can then tie these 
“nodes” together to form networks that underlie disease. This approach can lead 
to identification of disease “hubs” that could be targeted to have broad influence 
over a number of different pathological changes. Such research requires the syn-
ergy of teams that are truly multi-disciplinary with expertise from molecular 
analysis through to the clinic, population studies, genetics, bioinformatics, and 
drug targeting. This concept of network targeting generally does not appeal to 
pharmaceutical companies, which prefer to back one drug-one target options. 
However, these have universally failed in AD for reasons outlined above. There 
is little to be lost by trying to control a disease at a pathological “ecosystem” 
level, like restoring an apex predator in a field ecosystem that leads to ripples of 
changes across that system. Incentive from governments should be focused on 
bringing together multidisciplinary teams and the resources of pharma to ex-
plore highly innovative targeting of major hubs and/or multiple targets in AD. 

We also need to encourage researchers, and teachers to adopt a broader un-
derstanding of the disease. Attend any AD conference, or read an AD review 
paper and invariably the description of the pathological basis will rarely extend 
beyond clinical symptoms, amyloid and tau accumulation, together with a more 
detailed description of the researcher’s topic of interest. For example, there are 
over 6,000 papers on metals and AD, yet very few AD presentations or generalist 
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reviews mention metals at all. Such narrow approaches to describing AD help to 
perpetuate the concept that AD is a relatively simple disease driven by amyloid 
and tau accumulation with a few secondary elements. As described above, this 
understanding has not led to an effective drug in clinical trials to date. Such a 
concept would be akin to teaching ecology students that a forest ecosystem con-
sists only of trees. Finally, we need to appreciate and support the acceptance that 
AD is not a disease caused by a single intrinsic pathology, i.e. abnormal protein 
handling, but a complex brain disorder that sits in the centre of a web linking 
many aspects of the external world, and peripheral organs and tissues. 

5. Conclusion 

There are signs that some funding organizations are responding to the One 
Health challenge of AD, asking for high-risk, innovative applications that sup-
port multi-disciplinary teams (such as the Joint Programme—Neurodegenera- 
tive Disease Research, JPND). Moreover, research from multi-disciplinary teams 
tends to have a higher impact than teams with a narrow focus. We hope that 
these factors will translate into an increase in research papers and review articles 
that capture the complexity of AD, its integral relationship with the natural world, 
and a growing recognition that successful management of the disease will re-
quire targeting multiple pathological pathways and/or key hubs that control many 
aspects of the disease. Just as with the growing understanding of One Health in 
ecology and human infection, we cannot continue to look at AD as a disease that 
is separate from the continuum of external and internal factors that drive its ae-
tiology over years to decades in people that suffer from the disease. 
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