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Abstract 

Dementia, including the most common cause, Alzheimer’s disease (AD), and 
related neurodegenerative disorders, is a rapidly increasing worldwide problem 
related to increased longevity and decreased fertility. The impact is not just due to 
the increasing number of cases but also to the increased proportion of affected 
individuals. Dementia will have an increasingly profound impact on many 
populations of Europe, Asia, and the Americas, as well as many developing 
nations, particularly those with limited health resources. Dementia is a condition 
that is personally devastating and creates a tremendous burden on caregivers and 
society. An important consideration is evidence that many AD contributing 
factors are modifiable and can be prevented. AD pathology starts long before 
its hallmark clinical symptoms appear. The earliest established brain alteration is 
the development of neurofibrillary changes composed of hyper-phosphorylated 
microtubule-associated protein tau (TAU) in the locus coeruleus, then in the 
midbrain raphe and the nucleus basalis of Meynert, followed by accumulation 
of the beta-amyloid protein (Abeta) in the neocortex, which accumulates over 
decades. With progression, there is synaptic loss, which becomes massive and 
corresponds most closely to the cognitive decline, particularly memory dysfunc-
tion, from mild cognitive impairment to profound dementia. ApoE-ϵ4 is the 
predominant risk factor, genetic or environmental, for this disease, and the AD 
process is substantially more prevalent and has a younger age-of-onset in ApoE-ϵ 
4 carriers relative to noncarriers. This chapter summarizes the current literature on 
the role of ApoE4 and its deleterious effects on brain synaptic function and 
provides recommendations for improving healthy aging practices to prevent or 
slow AD pathology, which may be important for several other causes of AD and 
dementia as well. 
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Introduction 

Brain neuroplasticity is the basic neural mechanism for building and modifying 
synaptic circuitry, establishing neuronal integrity and memory, and proper function 
throughout life, at all levels of system functions, i.e., biological, psychological, and 
social (Ashford et al. 1998a). Active and healthy brain neuroplasticity is a paramount 
feature of human development, enabling the achievement of full genetic potential, 
particularly in the development of cognitive domains and in encoding information 
into memory to cope with daily life situations and to support intellectual advance-
ment, thereby contributing to improvements in societal and interpersonal relations. 
In humans, and presumably all mammals, synaptic circuitry is extensively developed 
throughout the brain before birth. Soon after birth, primary cortical regions undergo 
critical periods for synaptic adaptation to the environment, during which both 
arbitrary and irrelevant connections are pruned, and relevant connections are 
enhanced. Secondary cortical regions have later critical periods, while some asso-
ciative cortical regions appear to maintain high levels of synaptic plasticity through-
out life. Since the neurons and areas of the brain affected by Alzheimer’s disease 
(AD) are all involved in memory mechanisms, the vulnerable factor in AD must be 
related to neuroplasticity, a central fact being that AD attacks mechanisms of 
neuroplasticity (Ashford 2023; Ashford and Jarvik 1985; Teter and Ashford 2002). 

For a basic appreciation of the enormity of neuroplastic operations, consider that 
the brain has nearly 100 billion neurons, averaging 10,000 synapses each 
(a quadrillion in total). The half-life of synapses in the neocortex is about 
100 days (Cotman and Nieto-Sampedro 1984), and in the hippocampus, it can be 
less than 15 min (Chang and Greenough 1984). So, the human brain, which has its 
largest number of synapses between 2 and 6 years of age and only decreases the total 
number by about half at 30 years of age, appears to destroy (synaptolysis) and create 
(synaptogenesis) about 10 trillion synapses every day. 

Brain neuroplasticity is a dynamic process of remodeling synaptic circuitry 
throughout the lifespan. Such dynamic processes rely on synaptogenesis, physio-
logical synaptic pruning (synaptolysis, to remove spurious synapses), proper 
myelination, and the neuronal-to-glial ratio and biological activity to support healthy 
synaptic unit function. The neuroplastic processes require large amounts of energy 
(vis-à-vis cerebral blood flow, ATP, and GTP), constructional resources (including 
cholesterol and other membrane lipids), and waste removal systems (glial-driven 
phagocytic activity and related homeostatic inflammatory mechanisms). 

Apolipoprotein-E (ApoE), a 299 amino acid protein, which is primarily released 
from astrocytes, forms complexes with cholesterol from synapses being removed 
(synaptolysis), which is key for providing new cholesterol for synaptogenesis and 
synaptic integrity. The issue discussed in this chapter is how the ApoE gene relates to 
AD, with a focus on its effects on the brain’s synaptic remodeling. While the ApoE 
protein is involved in numerous genetic processes (Theendakara et al. 2018), it must 
play a central role in a critical component of the neuroplastic process, which could 
best be explained by its role as a cholesterol chaperone (Oria et al. 2024). The more 
complex questions are what role does ApoE play in the pathophysiological



development of AD, and how can such information be used to slow the clinical 
development of AD, i.e., in prevention? 
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In pathological conditions, including AD, there can be an imbalance of 
neuroplasticity with increased synaptic pruning and decreased new synapse creation, 
leading to a devastating loss of synaptic mass and consequent brain atrophy (Teter 
and Ashford 2002). There is accumulating evidence of brain neuroplasticity distur-
bances in ApoE-ϵ4 gene carriers with age, fostering the increased risk and severity of 
AD. This chapter summarizes the current scientific literature on the roles of the 
ApoE-ϵ4 gene in the synaptic unit and its consequences for AD development. It also 
highlights the importance of modifiable lifestyle attitudes toward environmental 
enrichment and healthy habits in reducing and delaying deleterious AD outcomes 
with aging. Furthermore, it reviews recent neurophysiological findings that suggest 
several approaches to modulate the pathological mechanisms associated with the 
ApoE-ϵ4 allele and reduce AD risk. Further, some of these considerations could help 
to eliminate AD altogether. The main topics of this chapter are summarized in Fig. 1. 

What We Know About the Pathophysiology of AD, Brain 
Neuroplasticity, and the Amyloid Precursor Protein (APP) 

When Alois Alzheimer first described AD pathology in 1906 in a 51-year-old 
woman, he reported a consistently atrophic brain, arteriosclerosis, changes of neu-
rofibrils (neuropil threads inside normal-looking cells and neurofibrillary tangles), 
loss of ganglion cells, deposits of a peculiar substance, and large fatty sacs in many 
glial cells (Alzheimer 1907; Jarvik 1990). Major advances in Alzheimer’s disease 
(AD) have included determining that the neurofibrils are composed of the microtu-
bular protein-tau (TAU), that the “peculiar substance” is beta amyloid (Abeta), and 
that there are critical genetic relationships. The first clear genetic link was with Down 
Syndrome, trisomy 21 (see preface), with most cases developing AD pathology in 
their 20s and dementia in their 40s (Rumble et al. 1989; Salehi et al. 2016). Relevant 
to the understanding of AD, which is in part characterized by the presence of 
extracellular senile plaques filled with the Abeta, is that Abeta is derived from the 
amyloid precursor protein (APP) located on chromosome 21. Hence, Down Syn-
drome subjects produce a 50% excess of the APP protein. Other early onset cases 
have been found to have genetic mutations on the chromosome 21 region coding for 
APP and for other proteins (particularly presenilin-1 and -2) associated with the 
metabolism of APP, though all account for less than 5% of the AD cases. 

In the first paper by Blessed et al. (1968), which recognized AD as a common 
condition in older humans, thereby initiating the modern era of attention to AD, the 
neurofibrillary tangles correlated with the cognitive impairments, although the Abeta 
plaques did not (Blessed et al. 1968). A major problem in the AD field is under-
standing this dichotomy (Ashford 2019a).
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Fig. 1 Infographic of the topics reviewed by the current chapter. The interactions of the APOE 
alleles and other environmental factors can compound to influence the risk to Alzheimer’s disease 
(AD) and its outcomes, mostly related to adaptations in neuroplasticity of the brain network of 
synapses circuitry across the lifespan. (Created with Biorender.com) 

The Chemistry of APP and Its Relationship to Neuroplasticity 

APP appears to have a central role in neuroplasticity (Ashford 2002, 2023; Teter and 
Ashford 2002). APP is cleaved by either an alpha-secretase enzyme (ADAM-10), 
which leads to the production of new synapses, or a beta-secretase cleavage followed 
by a gamma-secretase cleavage, leading to the formation of the Abeta protein and an 
APP Intracellular Domain (AICD). Note, the alpha-product is not cleaved by the 
gamma secretase (Flammang et al. 2012). Abeta is toxic to synapses (Mark et al. 
1995) and may be instrumental in removing synapses that are no longer needed or do 
not support the brain’s perception of the external world. However, when excess APP

http://biorender.com


is produced, either by trisomy-21 (Down syndrome) or an APP-related mutation, this 
toxic beta-secretase/gamma-secretase product destroys an excess number of synap-
ses, including ones not appropriate for removal, and then the excess of this protein is 
condensed into Abeta plaques rather than being properly removed, particularly 
during sleep. And when an excess of the destructive APP product occurs as in 
Down syndrome, the age of deposition of the Abeta protein is approximately 
50 years earlier than in normal aging subjects (Rumble et al. 1989). And earlier 
onset (<60 years of age) also occurs in association with mutations in APP or related 
presenilin 1 or 2 genes (Cruchaga et al. 2012). The conundrum of considering Abeta 
the cause of AD is resolved by considering that the Abeta deposits are only a scar 
indicative of the underlying AD pathologic process. 
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The other APP beta-secretase/gamma-secretase product (AICD) (Sheng et al. 
2012) stimulates normal phosphorylation of the TAU protein, involving the enzyme 
glycogen-synthase-kinase-3-beta (GSK-3b), and this normal process causes the 
withdrawal of the axonal terminals and dendritic spines supporting those synapses 
being appropriately destroyed by the Abeta mechanism. However, if too much of the 
AICD protein is produced, it may induce excess phosphorylation of the TAU protein 
(Sheng et al. 2012), leading to clogging of axons and dendrites, causing amputation 
(Ashford et al. 1998b) and synaptic slaughter (Coleman and Yao 2003). And when 
TAU is excessively phosphorylated, there is too much withdrawal of synaptic 
boutons. In this case, the hyperphosphorylated TAU forms paired helical filaments, 
which are retrogradely transported and form neuropil threads in the axons and 
dendrites, which amputate these critical connectors. However, many threads are 
pulled all the way back to the cell bodies to form neurofibrillary tangles (Ashford 
et al. 1998b), which eventually strangle the cell body, leading to the death of the 
neuron. 

Thus, APP is a normal protein with a presumed central role in neuroplasticity. 
However, APP-related genetic factors associated with AD appear to be related to the 
overabundance of the beta products of APP, which includes a pathway to the 
formation of neurofibrillary changes, synapse loss, and dementia. In spite of the 
“amyloid cascade hypothesis,” there is only an unclear relationship of AD cognitive 
impairment with Abeta deposits (Blessed et al. 1968). 

The Role of ApoE in APP Chemistry, Neuroplasticity, and AD 
Causation 

While there are many genetic factors that modify AD risk (Ashford and Mortimer 
2002), the major genetic factor associated with AD is ApoE (Corder et al. 1993; Oria 
et al. 2024), with the ϵ4 allele likely accounting for over 50% of the cases (Raber 
et al. 2004). And the ApoE-ϵ4 allele affects learning in individuals at risk for AD, 
also impairing the “default mode network,” which is associated with regions of the 
cortex involved in encoding information and later retrieval. If the dearth of cases 
associated with the protective ϵ2 allele is considered, this protein likely accounts for 
over 75% of the risk of AD and 90% of the cases with dementia onset before age



80 (Ashford 2008; Raber et al. 2004). The ApoE genotype is associated not only with 
the age of onset of AD, but also each specific  ApoE  genotype  (ϵ3/ϵ3, ϵ3/ϵ4, ϵ4/ϵ4) is 
associated with the deposition of amyloid plaques 10–20 years before the onset of 
dementia for that genotype (Morris et al. 2010). So, there is a clear link between the 
ApoE gene and Abeta pathology, and similarly, the APP diathesis central to Down 
Syndrome and the APP-related mutations, but this link clearly indicates that the cause 
of AD involves APP but does not necessarily support a direct or major causative role 
of Abeta. 
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Since the ApoE-ϵ4 allele is the predominant cause of AD, the critical issue is how 
the various ApoE proteins influence the development of AD pathology, in the 
absence of an APP diathesis as seen in the rare genetic conditions, and consequently, 
how the management of the action of beta-secretase on APP can be controlled 
(Koutsodendris et al. 2022). The constant turnover of synapses associated with 
neuroplasticity and the role of the APP are central concerns (Huang 2024). The 
best explanation appears to be that the numerous brainstem neurons originating in 
the locus coeruleus (norepinephrine), the midbrain raphe (serotonin), and the nucleus 
basalis of Meynert (acetylcholine), all with long projections to the cortex (Ashford 
and Jarvik 1985; Garcia Rates et al. 2024; Trillo et al. 2013), are vulnerable not 
solely because of their length, but because of the constant turnover of synapses 
(Ashford and Jarvik 1985). These neurotransmitters are agents that stimulate cortical 
neuroplasticity and activate ADAM-10/alpha-secretase, balancing and controlling 
APP cleavage by beta-secretase. Loss of the norepinephrine neurons of the locus 
coeruleus is the first AD-related change in the brain (Bondareff et al. 1981; Braak 
et al. 2011; Falgas et al. 2024; Ishii 1966; Smegal et al. 2025), with serotonin losses 
occurring also in relationship to the developing pathology (Theofilas et al. 2018), 
and the acetylcholine projection losses corresponding closely to the dementia. While 
ApoE has an established role as a cholesterol chaperone, the ApoE-ϵ4 allele protein 
in longer-lived humans with large brains may be inadequate to manage the enormous 
volume of membrane cholesterol turnover resulting from the actions of the APP in 
stimulating new synapses and destroying old ones, particularly those connections 
associated with these long-projecting brainstem neurons, which have a central role in 
neuroplasticity. 

Other Chemical Systems Associated with Neuroplasticity and AD 

In vitro, human microglia and astrocytes are more active in phagocytosing synapses 
from AD patients than healthy controls via MGF-E8. Interestingly, in 3D-induced 
pluripotent stem cells-cerebral organoids derived from AD patients, ApoE-ϵ4  is  
associated with synaptic loss at week 12 following early neuronal differentiation. 
An earlier study showed that the ApoE/Aβ complex is found in AD cortical 
synaptosomes interacting with ApoE receptors in the synaptic terminals. Chung 
and colleagues report that ApoE isoforms differentially affect synaptic pruning by 
astrocytes; these authors suggest that the ApoE-ϵ4 allele reduces astrocytes’ ability 
to remove senescent synapses tagged by C1q, a component of the complement



system (Chung et al. 2016). Such a defective effect could partly explain the synaptic 
dysfunction seen in the complement system-driven neurodegenerative processes that 
may lead to AD. 
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Given the high level of brain synaptic pruning that accompanies AD progression 
and severity, recent research initiatives to track neuron-derived extracellular vesicles 
(NDEVs) containing synaptic proteins in blood have been studied as potential 
biomarkers for developing a useful strategy for early screening for AD. Dendritic 
spine proteins may be a relevant choice for study, as dendritic spines are heavily 
affected in AD transgenic animal models. Specific dendritic spine proteins, including 
neurotransmitter receptors, scaffolding proteins, and signaling peptides, such as 
postsynaptic density protein-95 (PSD-95), may be relevant targets for monitoring. 
The use of these potential biomarkers of synaptic remodeling and synaptic disruption 
has yet to be tested in clinical studies. Still, these findings may guide customized, 
potential early therapeutic approaches to improved cognitive decline, even decades 
before AD pathological hallmarks occur, especially in ApoE-ϵ4 allele carriers. 

ApoE-ϵ4 and Development of an Inflammatory Diathesis 

In Chapter ▶ “APOE and Proteomics in Chronic Inflammation” of this book, Artur 
Shvetcov and Caitlin A. Finney from the University of Sydney review the rapidly 
growing body of evidence on the role of ApoE genotypes in chronic inflammation. 
Studies conducted on large numbers of samples from plasma, cerebrospinal fluid 
(CSF), brain tissue, and liver demonstrate significant differences in immune signal-
ing associated with the ApoE-ϵ2, -ϵ3, and -ϵ4 alleles. In asymptomatic ϵ4 carriers not 
expressing biomarkers of AD pathology, possession of one or more copies of the ϵ4 
allele is associated with upregulation of cytokine signaling, interferon release, 
complement activation, and MHC class I-mediated antigen presentation. Further 
evidence for an interaction between other organ systems and the brain in the 
pathogenesis of AD has been provided by observations on the relationship between 
systemic and brain inflammation, i.e., neuroinflammation. Further, 
neuroinflammation and its management have been a long-studied issue in AD with 
substantial evidence that nonsteroidal anti-inflammatory agents may have some 
beneficial effect, though the actual mechanism of that effect may not be related to 
their anti-inflammatory mechanisms (Ashford 2020; McGeer et al. 2016). 

The most common marker of systemic inflammation is C-reactive protein (CRP). 
For unknown reasons, carriers of the ε4 allele have lower baseline CRP levels than 
ε3 carriers. Two studies report that older ε4 carriers do not show symptoms of 
cognitive decline until their CRP levels rise acutely (Tao et al. 2018). As pneumonia 
is a common cause of CRP elevation in the elderly, this result raises the question of 
whether CRP levels should be monitored, and any infections treated as soon as 
possible, particularly in those at greater risk for AD. This finding argues for ApoE 
allele testing in older persons living in congregate settings to improve direct mon-
itoring efforts for both systemic infections and cognitive changes.

http://link.springer.com/search?facet-eisbn=978-3-031-52641-1&facet-content-type=ReferenceWorkEntry&query=APOE and Proteomics in Chronic Inflammation
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Evolutionary pressures might further explain the robust proinflammatory 
responses sometimes seen in ϵ4 carriers. The ancestral ϵ4 allele has been highly 
preserved in isolated populations in tropical and Arctic regions with high pathogen 
burdens, e.g., helminths. Early humans experienced serious enteric infections that 
exerted evolutionary selection pressure, and factors that mitigate infant and child-
hood mortality from enteric infections also exert selection pressure. Pathogen-
induced inflammation associated with infant and childhood diarrhea can damage 
the gut wall long after the invading organisms are no longer present. Inflammation 
not only resides in the mucosal wall but also induces systemic inflammation. ϵ4 
carriers display a stronger host-inflammatory response that reduces pathogen bur-
dens, increasing infant and early childhood survival. Evolutionary selection of the ϵ3 
allele might have occurred after humans moved into temperate zones with lower 
pathogen burdens, unrelated to protection from Alzheimer’s disease (Smith and 
Ashford 2023). 

Elucidating Pathophysiological Mechanisms for Developing 
Preventive Measures for AD 

Critical questions for preventing AD include how to maintain the vitality or augment 
the activity of brainstem neurons to stimulate the ADAM-10 enzyme appropriately 
to maintain a balance of the APP products, how to optimize the management of 
cholesterol, how to inhibit excess TAU hyperphosphorylation, and how to control 
neuroinflammation. A large part of this direction is efficiently removing the 
by-products of neuroplasticity. Also, neuro-inflammatory processes appear to be 
involved in the normal removal of obsolete synapses, but these processes may 
become excessive and need to be controlled as well. All of these issues are likely 
of great importance for individuals carrying an ApoE-ϵ4 gene (Koutsodendris et al. 
2022). 

Recommendations for Healthy Lifestyle Habits for Prevention 
of AD 

While much discussion about the cause of AD and the pathophysiological pathway 
to dementia is still speculative, there is mounting evidence to support several ideas 
about how AD develops. Though there is not enough evidence to support any one 
scientific theory, there is enough evidence to discuss certain ideas with patients and 
to make practical recommendations (Rao et al. 2023). In the field of AD, there are 
several such issues that can now be brought to the clinic setting. Here are the initial 
ten recommendations derived from a 2002 LIAF article (Long-Island Alzheimer 
Foundation, www.medafile.com/TOP10-2002-LIAF.pdf), which were based on cur-
rent experience treating Alzheimer patients at that time and on the associations 
between Alzheimer’s disease and other dementing disorders. These recommenda-
tions were initially provided at the request of an individual with ApoE-ϵ4/ϵ4

http://www.medafile.com/TOP10-2002-LIAF.pdf


genotype, and they are likely of at least equal importance for this group. Other 
suggestions have been added here based on scientific hypotheses and preliminary 
evidence. The recent, 2024, suggestions of the Lancet standing Commission mirror 
those of the 2002 LIAF article, with additional concerns about air pollution and 
hearing and vision loss, which could also be associated with impairment of activities 
of daily living, isolation, and loss of stimulation (Livingston et al. 2024). 
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1. Take your blood pressure regularly and be sure that the systolic pressure is 
always less than 130. This recommendation is based on the association between 
stroke and Alzheimer’s disease (Snowdon et al. 1997). There are several articles 
relating high blood pressure to poor memory and a higher incidence of 
Alzheimer’s disease, particularly in association with certain genes. There is 
also some evidence that patients taking diuretics for their elevated blood pres-
sure develop less Alzheimer’s disease. So, keep track of your blood pressure 
and, if necessary, make sure that it is well-treated. 

Note, 2025—this recommendation to keep blood pressure under control is 
still considered a primary issue but possibly related to cerebrovascular 
pathology. 

2. Watch your cholesterol; if your cholesterol is elevated, get treated with 
“statin” drugs. Cholesterol levels are related to arteriosclerotic vascular dis-
ease, which is in turn related to heart disease and stroke. So, this is a good idea in 
any case. Pertaining to AD, there is evidence that brain cholesterol metabolism 
is controlled by the ApoE gene and is involved in the etiology of AD (Jones 
et al. 2010) and in this context plays an important role in memory (see chapter 
▶ “ApoE and Brain Synaptic Dynamics” and discussion of the central relation-
ship of cholesterol to neuroplasticity and AD). Further, two recent studies have 
suggested that individuals taking “statin” drugs are less likely to get Alzheimer’s 
disease. While these findings would not warrant prescription of statin medica-
tion without cholesterol elevation, clearly these data give individuals with 
elevated cholesterol another reason to take their prescribed medications. A 
diet with reduced animal fat may also help lower cholesterol levels, and low 
animal fat diets may be associated with a lower Alzheimer’s disease risk. 
However, there are also reasons to eat deep water fish (tuna, salmon, swordfish, 
etc.), which contain oils thought to be good for the brain. 

Note, 2025—there is some controversy about statins, and more research is 
needed, particularly as there is evidence that certain statins (Wolozin 2012), 
statins in certain individuals (Zissimopoulos et al. 2017), or related agents that 
help with cholesterol management may benefit those with an ApoE-ϵ4 genotype 
(Davidson et al. 2025). Specific dietary recommendations along these lines have 
become a major part of current Alzheimer’s disease prevention recommenda-
tions (Grant 2024), similar to the Mediterranean and MIND diets. Also see the 
US-Pointer recommendations (Baker et al. 2025). 

3. Exercise your body and mind regularly. Many studies extol the virtues of 
exercise, and while there are no specific links between exercise and Alzheimer’s 
disease, there are links between exercise and health and cognition, which are

http://link.springer.com/search?facet-eisbn=978-3-031-52641-1&facet-content-type=ReferenceWorkEntry&query=``ApoE and Brain Synaptic Dynamics��
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likely to benefit the synapse management of the brain. Data also suggest that 
people can get smarter by exercising. So, there is a logical recommendation to 
exercise to reduce the risk of Alzheimer’s disease. But, beyond the clear benefits 
of exercise, there are recent theories linking insulin to Alzheimer’s disease. The 
blood insulin level peaks about an hour after you eat. If you exercise for about 
30 min after you eat, even just walking for about 15 min (for example, walking 
your dog), you might reduce your peak insulin level and leave the brain’s insulin 
degrading enzyme to do its other task of breaking down the normal, toxic 
amyloid-beta protein after it has served its purpose. 

There are some suggestions that keeping your mind active can also delay 
onset of cognitive impairment (Ashford et al. 2015). Further, education appears 
to play a significant role in delaying the age of AD onset (Butler et al. 1996). 
While this evidence can be challenged in various ways, it makes sense to 
continue seeking intellectual stimulation throughout your life. 

Note, 2025—there are now numerous studies which demonstrate the benefit 
of exercise to reduce AD risk, potentially even frequent, short durations of 
exercise. And the second part of this recommendation, including socialization, 
has been supported with substantial evidence. 

4. Wear your seat belt; wear a helmet when riding a bicycle or participating in 
any activity where you might hit your head. Many reports show a relationship 
between head injury and Alzheimer’s disease, so playing it safe can help reduce 
this factor. For older individuals, reducing trip-hazards in the home and taking 
precautions against falling are relevant. 

Note, 2025—a related large issue has become contact sports or sports in 
which head injury is frequent, with specific concern about “CTE,” chronic 
traumatic encephalopathy. Further, there is progressive concern about anyone, 
particularly juveniles, participating in any sports activity that can be associated 
with even occasional mild head trauma, particularly football and ice hockey. 
Also, the relationship with traumatic brain injury, especially those injuries 
associated with explosive blasts, particularly related to firing weapons and 
military combat, is being recognized as a potentially serious contributor to 
brain damage and cognitive impairment, and traumatic brain injury may produce 
worse AD-related outcomes in women (Sass et al. 2021). 

5. If you have diabetes, make sure that your blood sugar is optimally con-
trolled. Patients with diabetes tend to get vascular disease, and this disease itself 
may injure the brain. While there is no clear relationship between diabetes and 
Alzheimer’s disease, patients who have uncontrolled blood sugars or develop 
insulin resistance may lose memory, and be at greater risk for suffering from 
dementia, either vascular or AD. And there are suggestions that medications for 
treating diabetes may have some role in AD prevention. 

Note, 2025—there are several indications that certain antidiabetic therapies 
may have long-term benefits for slowing cognitive decline in patients with AD 
(see below). 

6. Consult your doctor about treatment for your arthritis pain. There have 
been several studies indicating that arthritis patients who take NSAIDs
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(nonsteroidal anti-inflammatory drugs) have a reduced risk of Alzheimer’s 
disease (Breitner 1996;  in  t’ Veld et al. 2001; Rogers et al. 1996; Stewart et al. 
1997). Because the risks of these drugs (especially internal bleeding) are 
significant, they cannot be recommended for routine prevention, though an 
early study suggested that an NSAID combined with a proton-pump inhibitor 
may be associated with decreased AD risk. However, if you have arthritis, you 
should seek the advice of your doctor for treatment. Other research suggests that 
only certain NSAIDs may prevent the development of a toxic protein from the 
beta-secretase by modifying the gamma secretase cleavage of APP in the brain, 
which can form amyloid-beta-1-42, that may be a specific contributor to the 
development of Alzheimer’s disease (Ashford 2020). The specific NSAIDs 
identified with this benefit so far are flurbiprofen, ibuprofen (Motrin, Advil), 
sulindac (Clinoril), and indomethacin (Indocin). Indomethacin may be the most 
potent, and one study suggested that this drug does slow down the course of 
Alzheimer’s disease (McGeer et al. 2016). Ibuprofen is most readily available, 
and sulindac is the most easily administered and has the fewest side effects. 

Note, 2025—NSAID relationship to Alzheimer’s disease has been supported 
by epidemiological research, but actual treatment of Alzheimer’s disease has not 
been positive, possibly because treatment must begin many years before the 
onset of dementia, when the pathology associated with beta-amyloid is begin-
ning, or other factors, including ApoE genotype. 

7. Take your vitamins. There is little reason not to take supplemental vitamins 
after age 50, and they might even help if you have some transient deficiency in 
your diet, though best in consultation with a health-care professional, particu-
larly for Vitamins folate and B12. There is general support to take extra 
supplements of Vitamin E (400 international units [IU]) and Vitamin C (500 mil-
ligrams [mg]) together (once per day for Alzheimer prevention, twice per day if 
memory problems are present, and three times per day if AD is diagnosed). 
These recommendations are based on the oxidation/free-radical theory of aging 
and Alzheimer’s disease, and one large study which suggested that Vitamin E 
delayed specific end points for Alzheimer’s disease patients by as much as 
6 months. Though far from conclusive, this “neuro-protective regimen” has 
become a common treatment for Alzheimer’s disease and is taken by many as a 
preventive. 

B12 and folate have also been advocated as brain-protective agents. B12 
recommendations are complicated because its levels in the body are dependent 
on an individual’s intestinal ability to absorb it. If an individual cannot absorb 
B12 taken orally, monthly injections can be given, though B12 is absorbed well 
when taken sublingually. However, these issues need to be discussed with your 
physician. The Recommended Daily Allowance (RDA) for folate is 400 micro-
grams (mcg) per day, but this dose can be increased to 1 mg per day if memory 
difficulty is a concern. Here again, because of the complicated relationship 
between B12 and folate, it is essential to discuss proper dosage with your health 
care professional. With recent findings showing a correlation between elevated 
homocysteine levels and Alzheimer’s disease, B12 and folate have become even



more important because of their ability to keep homocysteine in check. Note too 
that alcohol and caffeine intake and tobacco use increase homocysteine levels. 
Your doctor may wish to check your homocysteine level. 
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Note, 2025—some recent studies have not fully supported this recommen-
dation for Vitamin E. However, Vitamin D deficiency has become pervasive and 
is related to the development of Alzheimer’s disease (Latimer et al. 2014), and 
this deficiency is easily treated. A causal association with Alzheimer’s disease is 
not established and absorption and other factors could also explain the relation-
ship. Care must be taken to measure serum vitamin D levels intermittently to 
ensure that enough is taken and toxicity does not occur. 

8. Discuss sex-hormone replacement therapy (HRT) with your physician (only 
women for now). There are general recommendations to postmenopausal 
women to take HRT to reduce the risk of heart disease and improve life in a 
variety of ways. These hormones might reduce the risk of Alzheimer’s disease. 
The issue is of interest because these chemicals seem to enhance the function of 
many brain cells. The reason to carefully consider this recommendation with a 
physician who specializes in this area is because there are considerations 
regarding risks such as breast cancer and stroke. The possible reduced risk of 
AD with HRT in women raises the question of whether female HRT could help 
elderly males as well. Certainly, men with prostate cancer should discuss this 
issue with their physicians. 

Note, 2025—the use of HRT for women is still of unclear benefit for 
preventing Alzheimer’s disease, but there is still some supporting evidence, 
and many women feel that they have less “brain-fog” on HRT. Though the FDA 
has recently removed the “black-box warning” on HRT treatments, the decision 
for HRT should be carefully discussed with a gynecologist. 

9. If you have difficulty getting to sleep, consider trying up to 6 mg of 
melatonin at bedtime. Despite little scientific evidence, melatonin, a natural 
substance produced in the brain, may help initiate and sustain sleep. With aging, 
the brain produces less melatonin, and older people sleep less. Although many 
people claim that melatonin helps sleep a great deal, it may be effective only in 
those individuals with a significant melatonin deficiency. However, melatonin is 
an excellent antioxidant, and there is evidence that suggests melatonin and/or 
sleep may prevent the formation of toxic amyloid fibrils in the brain. 

Note, 2025—sleep is good for the body and brain, and a considerable amount 
of recent evidence suggests that the brain’s “glymphatic system” is most active 
at night, clears toxic chemicals from the brain, including beta-amyloid, which 
build up during the day, and may help to keep Alzheimer’s disease pathology 
from developing (Galvani et al. 2024; Zhang et al. 2025a). 

Also, implementing melatonin use beneficially is somewhat difficult because 
the utility depends on melatonin’s status in the brain, and melatonin may not be 
helpful if the level in the brain is adequate. Alternatively, benefit may require 
higher dosing or hybrid molecules to provide good sleep (Zhong et al. 2025). 

The antidepressant trazodone is currently the most widely used drug in the 
USA for insomnia, and there is some evidence that this medication, which is the



only sedative medication that improves deep sleep, may have an important role 
in preventing Alzheimer’s disease (Ashford 2019b). Of particular interest, the 
brainstem neurons affected in AD are also related to several aspects of sleep, so 
sleep problems appear to be early symptomatic signs of AD (Oh et al. 2022). 
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10. If you have significant difficulty with your memory, talk to your doctor 
about measuring your memory and a trial of a cholinesterase inhibitor. 
Several drugs from this class, including donepezil (Aricept), rivastigmine 
(Exelon), and galantamine (Reminyl), have been approved by the FDA for 
treating Alzheimer’s disease patients with mild dementia. While the primary 
evidence suggests that these drugs have only a modest benefit on cognition, 
there have been several studies that have suggested that these drugs may slow 
down the progression of Alzheimer’s disease. These studies are only suggestive, 
not conclusive, but many physicians agree with this suggestion based on their 
own observations. Importantly, if these drugs can slow AD progression, then 
they may have their biggest advantage very early in the disease course. While 
doctors are not prescribing these drugs for preventing AD, many physicians are 
prescribing these drugs beneficially for patients with mild memory problems. It 
is possible that these drugs may become a central part of preventive therapy for 
Alzheimer’s disease in the future. 

Note, 2025—while recent, expensive, antiamyloid therapies have been FDA 
approved and appear to slightly slow the progression of Alzheimer pathology, 
these drugs have not been tested against the significant disease slowing shown 
for the cholinesterase inhibitors (Daly et al. 2025), and there is a risk for brain 
vascular damage, particularly in those most at risk, those individuals with an 
ApoE-ϵ4 allele—even higher if ϵ4/ϵ4. 

These recommendations are important to APOE4 carriers and should be 
compounded with early noninvasive biomarkers (neuroimaging, blood probes, 
etc.) of neurodegenerative processes for monitoring the risk and progression of 
AD. More studies are warranted to define more specific early nutritional and fitness 
interventions to improve the overall health status to APOE4 carriers versus APOE4 
noncarriers. The recommendation of more long-term compliance and adherence to 
these measures is key for better preventive measures to these AD-prone individuals. 

A summary of these recommendations is shown in Fig. 2. 

More Options and Future Directions 

There are several options in addition to those listed above that have been 
recommended for Alzheimer’s disease as treatment or preventive agents. At this 
point, there is not enough data to make more explicit recommendations, but exten-
sive multifactorial recommendations are being made (Grant 2024; Rao et al. 2023). 
For example, recommendations for turmeric and Ginkgo biloba remain ambiguous; 
coenzyme Q-10 has been recommended, but without wide support. And there is not 
enough evidence that aluminum is associated with Alzheimer’s disease, but you



probably should not cook tomato sauce (or other acidic foods) in an aluminum pot. 
Alcohol in very low quantities may protect against heart disease and may protect 
against Alzheimer’s disease as well, but any alcohol use has recently been linked to 
changes associated with AD (Durazzo et al. 2025), as well as an increased incidence 
of AD (and cancer). 
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Fig. 2 Summary of recommendations for a healthy lifestyle to prevent neurodegenerative pro-
cesses related to Alzheimer’s disease (AD) (Angelopoulou et al. 2021; Miao et al. 2022; Vanitallie 
2013). While these healthy lifestyle recommendations are of greatest importance for ApoE-ε4 
carriers or other genetic risk factors, they are of potential relevance to AD prevention for all. The 
use of early blood biomarkers for AD (such as pTAU-217), other phosphorylated TAU markers, 
glial fibrillary acid protein (GFAP), etc. or combined with cognitive assessment, and/or brain 
imaging (Chen et al. 2025; Palmqvist et al. 2021; Tsoy et al. 2024). Synapse loss may help to 
identify risk or early changes suggesting the need for more aggressive prevention efforts. Environ-
mental enrichment (especially early in postnatal life), schooling, engagement in intellectual activ-
ities, healthy diets enriched in E, D, and B complex vitamins and senolytics, regular exercise, safety 
precautions in occupational work and leisure activities, and systemic blood-pressure control are key 
protective factors that may break the cycle of lifelong degenerative processes that start even decades 
before AD manifests full symptoms. (Created by Biorender.com) 

There are many studies exploring potential new preventions and treatments for 
Alzheimer’s disease, but the central issue is to fully understand the pathophysiology 
of AD. While many studies have been mired in the amyloid cascade hypothesis, it is 
critical to recognize that direct targeting of Abeta depositions may be helpful only for 
the rare APP mutations associated with early onset AD. Importantly, established 
pathways must be considered, particularly considering brainstem mechanisms 
(Garcia Rates et al. 2024). And addressing neuronal bioenergy has led to a sugges-
tion for treatment of decreases of GTP to restore normal endocytosis and autophagy 
to remediate AD changes (Santana et al. 2025). Further, there are approximately

http://biorender.com


twice as many women who have AD as men, clearly related to the longer life-
expectancy of women (Raber et al. 2004), but the male-female variations are also 
critical for determining additional modifiable risk factors (Rubin 2025). 
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Early Life Alzheimer Prevention Considerations 

Postnatal environmental enrichment is key to brain neuroplasticity from birth and 
throughout the lifespan. Accumulating evidence suggests that the early exposome 
(the sum of biohazards one is exposed to in the environment, including pathogens, 
chemicals, and pollutants), especially in the first years of life, could jeopardize the 
gut-brain axis and increase the processes of systemic chronic inflammation and 
cause lasting impaired cognitive outcomes, even in a low-grade state (Oria et al. 
2016; Tshala-Katumbay et al. 2015). The maturation of the intestinal microbiota is a 
key determinant of this process, as early life and chronic microbiota dysbiosis 
toward more pathogenic taxa could lead to long-term cognitive impairments and 
likely affect neurodegenerative diseases (Ginsberg and Blaser 2024). Interestingly, 
intestinal microbiota dysbiosis-influenced cerebral amyloid deposition is seen par-
ticularly in ApoE-ε4 carriers. Elevated brain Aβ burden was markedly correlated 
with the reduction of protective bacterial taxa and the abundance of proinflammatory 
bacterial populations (Wadop et al. 2025), suggesting that a gene-environmental 
cross talk is mediated by the intestinal microbiota with a disrupted gut-brain axis. 
And even air pollution has been suggested to be related to the modern epidemic of 
dementia (Finch and Burstein 2025). Such early protection related to ApoE-ϵ4 may 
later be reversed, leading to an increased risk of AD as lifestyles change and life 
expectancy rises with aging in countries with transitional economies facing health 
improvements with reduced childhood mortality, such as Brazil and other upper-
middle-income countries (Lima et al. 2014; Oria et al. 2016). 

Specific Considerations for AD Prevention Based on Theoretical 
Pathophysiology 

Abeta Removal: Antibodies 

Antiamyloid drugs have been approved by the FDA recently for slightly slowing the 
progression of Alzheimer’s disease, though the degree of slowing has been unclear 
(Kurkinen et al. 2023), and these agents can be substantially harmful to the brain, 
particularly in individuals with an ApoE-ε4/ε4 genotype. Even the role of Abeta in 
AD treatment is controversial (Kurkinen et al. 2023). However, a recent study 
suggested that valiltramiprosate, a potent inhibitor of Abeta oligomer formation, 
decreased brain atrophy in ApoE-ϵ4/ε4 individuals (Abushakra et al. 2025).
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Neurofibrillary Tangle Prevention 

Clearly TAU is an important protein in the brain, involved in managing the micro-
tubules of dendrites and axons. Hyperphosphorylation of TAU is a central problem 
in AD pathology and can even be detected in the blood (pTAU-217) before dementia 
develops. And TAU accumulation is related to Abeta burden, clearly indicating that 
there is an AD pathological process that needs to be understood. 

There may be specific drugs now available that might slow the AD TAU 
neurofibrillary pathology. For example, lithium and valproic acid (Mark et al. 
1995), two drugs used to treat manic-depression, may inhibit a brain enzyme 
(glycogen-synthase-kinase-3-beta: GSK-3b), which normally phosphorylates TAU. 
Some studies of manic-depressive patients taking lithium have suggested that this 
treatment may reduce AD risk. Reducing the activity of this enzyme could prevent 
the development of neurofibrillary tangles (which is the late Alzheimer pathology 
most correlated with dementia after synapse loss, and hyperphosphorylation of TAU 
leads to clogging of axons and dendrites, leading to their amputation and distal 
synaptic slaughter, see above). A recent study suggested that AD risk could be 
related to lithium deficiency (Aron et al. 2025). And another study suggested that an 
intranasal formulation of lithium could be beneficial for inhibiting GSK-3b 
(Buonerba et al. 2025). Of importance, the benefit of lithium may be best with 
very low doses at bedtime, for example, 150–300 mg, sustained action, which can 
also improve sleep (Ashford, observation managing patients in a nursing-care 
home). And lower but potentially helpful doses are even available over the counter. 
Many patients with AD, including those in very early phases, have problems with 
depression and paranoid ideas. These symptoms can and should be treated, but some 
may also benefit from a low dose of lithium. The lipid-related hormone, leptin, may 
have a similar effect on inhibiting GSK-3b (Greco et al. 2009). Further, lithium and 
stress reduction may reduce induction of TAU hyperphosphorylation (Lovell et al. 
2004). 

Supporting Neuroplasticity and Related Neurotransmitter Systems 

Given the potential importance of management of neuroplasticity by brainstem 
systems, acetylcholine, norepinephrine, and serotonin, there are many suggestions 
and efforts to utilize therapeutic agents active in this area (Garcia Rates et al. 2024). 
The original question in AD treatment was based on the “cholinergic hypothesis,” 
which led to the first attempt to treat AD (Ashford et al. 1981), and treatment of AD 
patients with cholinesterase inhibitors was long the only approved treatment for AD 
(Ashford 2015). While cholinesterase inhibitors have been referred to as “symptom-
atic” rather than “disease modifying,” this dichotomy may be incorrect, as stimula-
tion of cholinergic receptors may be beneficial for slowing the AD process, and these 
standard medications for AD patients should be directly compared with any new 
treatment (Daly et al. 2025), including examination of survival time (Kurkinen and 
Daly 2024). Further, since monoaminergic systems are also altered in AD,



consideration has been given to enhancing the activity of these systems for treating 
AD (Trillo et al. 2013). A related direction was the consideration of using agents to 
enhance norepinephrine function, such as formoterol (Dang et al. 2014). However, 
more importantly, the issue should be how to prevent the early damage to these 
systems in the first place. 
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Memantine (Namenda) was approved by the FDA in 2003 for the treatment of 
moderate dementia in AD and may significantly reduce mortality in Alzheimer’s 
disease (Lazzeroni et al. 2013), though its specific effects on the brain have been 
difficult to demonstrate (Ashford et al. 2011). Memantine is an N-methyl-D-aspartate 
(NMDA) receptor antagonist, and this receptor plays an important role in the 
initiation of neuroplasticity events. Memantine may stabilize cortical neurons and 
protect them from excess activity, particularly activities related to neuroplasticity. 

Important Role of Neuroinflammatory Mechanisms 

Neuroinflammation has been suspected of playing a role in dementia and 
AD. Clearly, inflammatory mechanisms, probably normal brain mechanisms for 
synapse pruning, could be overactive and remove an excess number of synapses. 
And anti-inflammatory drugs (NSAIDS) have been associated with less AD. And 
there are links between the inflammation seen in Alzheimer’s disease and depression 
and obesity (Ly et al. 2023). However, another explanation for the benefit  on  
NSAIDS is that some of them may modify the gamma-secretase and so prevent 
AD pathology (Ashford 2020; Grant 2024; Weggen et al. 2001). 

Recent evidence has suggested that herpes vaccinations (to prevent “shingles”) 
may reduce AD risk. Along these lines, CD8-T cells may play a role in AD 
prevention (Gate et al. 2020) (Panwar et al. 2024). 

Diabetes and Body-Energy Metabolism 

There have been many suggestions that diabetes and insulin are related to AD (Craft 
2007), and diabetic medications may reduce AD risk (Cholerton et al. 2016; Jiang 
et al. 2025). Further, recent studies of glucagon-like peptide 1 receptor agonists 
(GLP-1Ras) suggest that they may also have some effectiveness for reducing risk for 
neurocognitive disorders, including AD (Zhang et al. 2025b) (Nance et al. 2025; 
Yassine et al. 2022) (Xie et al. 2025). However, this issue is complicated by the 
relationships of body weight to vascular damage, including small strokes, as well as 
the dual role in the brain of the insulin-degrading enzyme for degrading Abeta. And 
eating a carbohydrate-restricted diet may reduce brain atrophy in patients with AD 
(Bramen et al. 2023).
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Repetitive Transcranial Magnetic Stimulation (rTMS) 

rTMS, applied over premotor cortical regions, has been approved as a treatment for 
depression that has not responded to medications. However, there are now several 
studies that have suggested that rTMS may slow or improve the dementia associated 
with AD (Cheng et al. 2022; Heath et al. 2025; Taylor et al. 2019). While the 
explanation for the benefit of rTMS for the brain is still not established, the first 
consideration has been that local activation would have positive effects on the frontal 
lobes, which is associated with depression. An additional consideration is that 
projections from the frontal lobes can activate brainstem mechanisms related to the 
benefits of the antidepressant medications that affect serotonin and norepinephrine 
pathways. Such stimulation could thus have a potential benefit on the brainstem 
neurons first affected by AD (Theofilas et al. 2015). 

Direct ApoE-ϵ4 Modulation 

A commonly used loop-diuretic agent, used to treat fluid retention, bumetanide 
(Bumex), is associated with a reduced risk of AD (Graber-Naidich et al. 2023) and 
may specifically modify the adverse effects of ApoE-ϵ4 and benefit carriers (Taubes 
et al. 2021) and be effective as an AD treatment (Boyarko et al. 2023). 

There have been numerous studies of the role of cholesterol-reducing statin 
medications for reducing AD risk. The studies have been both positive and negative 
and may relate to variations in the statin molecules, sex, and race/ethnicity 
(Zissimopoulos et al. 2017). Given the role of ApoE in cholesterol management, 
this possible relationship needs to be better understood. There has been some 
suggestion that reducing cholesterol levels could be a key advantage of beneficial 
therapeutic diets, especially in ApoE-ϵ4 carriers. A recent study suggested that the 
benefit of statins may be stronger in ApoE-ϵ4 carriers (Rajan et al. 2024). Another 
study suggested that a cholesteryl ester transfer protein inhibitor, obicetrapib, may be 
beneficial in ApoE-ϵ4/ε4 carriers (Davidson et al. 2025). 

There are other concepts which are still in research. For example, switching an 
ApoE-ϵ4 allele to an ApoE-ϵ2 allele is certainly an appealing idea but still in the 
mouse lab. There is a natural protective mechanism against AD known as the ApoE-
ϵ3-Christchurch, which may induce astrocytes to promote TAU clearance, and 
understanding this mechanism may lead to AD-preventive therapies. Higher levels 
of the microglial transmembrane protein TREM2 (triggering receptor expressed on 
myeloid cells—2) may attenuate the adverse risk of the ApoE-ϵ4 allele and may 
provide another beneficial direction for treatment.
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Conclusion 

There are so many indications that AD might be prevented that there is hope 
mounting that we may be able to end or significantly delay the onset of this disease 
in the near future. However, the biggest factor associated with AD is aging, and 
ApoE-ϵ4 allele AD risk is synergistic with aging. So, the current recommendations 
to decrease AD risk are mostly about healthy living which should be primarily 
directed to those who carry an ApoE-ϵ4 allele. In addition, improving environmental 
conditions (schooling, sanitation and hygiene, air pollution, balanced diets, parental 
care, etc.) and the exposome an individual is exposed to, especially early in life when 
the brain is undergoing profound neuroplasticity, are imperative for healthy brain 
development and for an adequate and functional cognitive and synaptic capacity to 
withstand the many stressors which are part of living a long life. While these 
recommendations all appear to be appropriate independently of ApoE genotype, 
new targeted approaches may turn out to be especially beneficial for those with the 
ApoE-ϵ4 gene. Numerous directions are developing that may specifically help to 
prevent Alzheimer’s disease in all individuals, and there are even important devel-
opments to fully reach one’s full genetic potential and cognitive abilities for long, 
healthy aging with good life quality. 
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