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Elderly patients show us unfolded lives with unique individual characteristics. An

increasing life span is associated with increasing physical and mental disease

burden. Alzheimer’s disease (AD) is an increasing challenge in old age. AD cannot

be cured but it can be treated. The complexity of old age and AD offer targets for

personalized medicine (PM). Targets for stratification of patients, detection of

patients at risk for AD or for future targeted therapy are plentiful and can be found

in several omic-levels.
KEYWORDS

Alzheimer’s disease, personalized medicine, dementia, old age psychiatry, precision
medicine
PM aims to «give the right treatment to the right person at the right time» (1).

«Personalized medicine», «precision medicine» and «stratified medicine» are lately being

used synonymously (2, 3). PM assumes considerable variations between patient groups based

on clinical, genetic and environmental characteristics (4). These characteristics are thought to

be targets for treatment and prevention and can be found in various domains, including

clinical, biological but also social or environmental domains. These domains are usually called

“omics” (e.g. genomics, epigenomics, proteomics, metabolomics, microbiomics and so on)

(5). Omics give us information we can use to widen the clinical phenotype (Figure 1). While

in PM patients are stratified and then treated based on various characteristics, the traditional

approach in medicine usually applies a “one size fits all treatment” (5, 6).

Old age psychiatry with Alzheimer’s disease (AD) as a prominent challenge appears as

an ideal environment for PM [see also (7, 8)]. Major challenges in old age psychiatry

include both the differential diagnostic separation from dementia especially against

depression and somatic comorbidities, which can contribute to considerable variations

between patients. The clinical phenotype alone is often misleading because virtually all

psychiatric symptoms are transnosological: cognitive symptoms appear in major

depression (9), affective and other non-cognitive symptoms appear in AD with high

frequencies (10). Patients in old age psychiatry present “unfolded lives” with the

opportunity to identify unique biographical and environmental characteristics.

However, pubmed search results on «personalized medicine» show a steep increase of

studies into personalized medicine in the last approximately 10 years with over 100.000

findings (Figure 2), but a systematic literature research into “personalized medicine and old
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age psychiatry” in the same time span showed roughly 300

publications. This apparently stresses the importance of more

research in the field. Recently, the Norwegian government

published a strategy paper on personalized medicine in Norway

from 2023 to 2030 (11), but fails to address dementia and

Alzheimer’s disease.

Alzheimer’s disease accounts for approximately 80% of dementia

cases (12). AD cannot be cured as of now, but PM may help to better

treat it. Biological hallmarks associated to AD appear in various

omics levels and include amyloid plaques around the cells, tangles in

the cells, loss of synaptic function, neuroinflammation and

cholinergic dysfunction (13–15). However, these biological

hallmarks of AD are rather indirectly connected to various omics
Frontiers in Psychiatry 02
levels and probably represent a phenotype of the highly complex

underlying disorder (16). Ultimately, a vicious circle is established

including amyloid plaques, intracellular tangles, loss of synaptic

function, neuroinflammation and cholinergic dysfunction.

Mounting evidence suggests that the enteral microbiome

(«microbiomics») is associated with AD («guts to brain axis»)

(17). Modifiable and non-modifiable risk factors for AD have

been found. Modifiable risk factors include nutrition, physical

inactivity, smoking, alcohol, obesity, hypertension, diabetes,

depression, hearing loss or air pollution; non-modifiable risk

factors are basically genetic risk factors such as Apolipoprotein E4

(ApoE4) (18) and age. ApoE4 is associated to several omics levels,

including lipid metabolism, vascular function, Amyloid b clearance,

glucose metabolism, neurogenesis and synaptic function (19).

Metabolites of these mechanisms can be used as biomarkers (e.g.

Ab42) (20), but their role as targets for PM is still unclear. AD

typical biomarker changes can be detected already in a predementia

phase (21), and the definition of preclinical AD is debated (22, 23).

Ideally, we would begin AD treatment in this preclinical phase,

targeted at specific biological characteristics or e.g. modifiable risk

factors. The effect of aging as a risk factor for AD may increase with

age (24). The “hallmarks of aging” (25), including genomic

instability, epigenetic effects, alterations in protein metabolism

and cellular communication, are highly interacting with each

other and on the one hand contribute to increasing structural and

functional cellular damage and disease burden (26–28), but have on

the other hand also been reported as possible targets for PM (29).

Some studies into PM in AD and old-age psychiatry showed

promising results. Hearing loss can be a significant risk factor for
FIGURE 2

Systematic literature search.
FIGURE 1

The clinical phenotype needs to be widened with omics data to
identify latent subgroups and PM targets.
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late-life depression (30), which in turn can be a risk factor for AD

(31). Treating comorbid hearing loss can improve depression, thus

hearing-loss can be a target in the treatment of LLD and

subsequently reduce the risk for AD. Interestingly, when stratified

for physical comorbidity, a subgroup of LLD patients with more

physical comorbidity benefitted most when hearing loss was treated

(32). Another study found considerable biological differences in 500

elderly patients with a diagnosis “major depression” (33). They

found two distinct groups with common anatomical and genetic

characteristics. Another study examined cerebrospinal fluid and

found AD typical changes in approximately 50% of a sample of

patients with late life depression (34). Such findings encourage to

ask if the “one size fits all treatment” is optimal and provide possible

targets for intervention and stratification. Pharmacogenetic testing

utilizes differences in genetic profiles and may help identify and

stratify patients based on genetic characteristics prior to therapy

with psychotropic substances. This is already routine in some places

(cyp testing) and is expected to give information if a patient’s

genetic profile will yield the optimal response to a drug and to avoid

unnecessary “trial and error” treatment. However, evidence for

robust clinical usefulness is still slim and genetically guided trials

have been suggested (35). Conflicting results have been found

regarding Ab plaques as targets for autoantibodies in trials with

monoclonal autoantibodies (MAB). Some authors conclude that

continuous failures in studies raise doubts if amyloid beta plaques

are the right target after all (36), however, they refer to later AD

stages and existing Ab plaques. Another study showed a significant

slowdown of cognitive decline under treatment with adecanumab

which again targets amyloid plaques (37). On the other hand, the

newer aducanumab trials, ENGAGE and EMERGE (38), showed

side effects of aducanumab in the form of Amyloid-related imaging

abnormalities (ARIA), which are mostly asymptomatic but can

include headache, seizures or death (39). ARIA have robustly been

associated to APOE4 carrier status with APOE4 carriers more likely

to experience ARIA under treatment with aducanumab (40) but

also other MAB (41–43). Genotyping for APOE4 status is

recommended before initializing aducanumab treatment (44) to

improve risk assessment, which again is an example for PM patient

stratification based on genetic information. In a different approach,

the formation of Ab plaques is targeted, the authors (45) conclude

that some models with these substances seem promising but admit

that «bench to bedside» is not yet reality. Other studies explore

substances that aim at tau protein. Some try antibodies in animal

models, others try to avoid those structural changes that make tau

protein toxic. Although in theory promising, the authors conclude

that is uncertain if drugs, targeting tau, help clinically, since there

are too few and conflicting studies (46).

Alzheimers disease is associated with neuroinflammation

(47). Several studies have reported that exercise reduces

neuroinflammation by increasing the expression of anti-

inflammatory cytokines. A plausible step – the authors suggest -

could be to target neuroinflammation in individualized therapeutic

strategies (48). A possible way may be the implementation of

strength exercise in personalized therapy regimens to delay AD

dementia onset (49). Myokine for instance is secreted by skeletal

muscles during exercise, has an anti-inflammatory effect, supports
Frontiers in Psychiatry 03
neurogenesis and vascularization and it decreases Amyloid beta

production and cell death (50).

Other authors suggest personalized nutrition. Studies have

shown increased populations of pro-inflammatory enterobacteria

(51). Active metabolites from these bacteria lead to epigenetic

changes and may support the formation of amyloid Plaques in

the brain. A possible treatment strategy would be personalized

nutrition with specific components that can modify the gut

microbiome and epigenetic changes. Patients would need to be

stratified according to their gut microbiome and their epigenetic

signature (52). Interestingly, southern Italians with ApoE4 that

lived in Italy – with Mediterranean diet and environment - were in

the oldest 1% of the healthy population, but southern Italians with

ApoE4 who moved to the United States – different diet, different

environment - showed a highly reduced chance of living into this

oldest one percent of the healthy population (53). In an example for

a successful pilot project (54), patients with Alzheimer’s disease

dementia or mild cognitive impairment were treated for nine

months with a personalized protocol including cognitive

assessment (every 3 months); the PM targets were on various

omic levels and included “blood glucose, lipids, inflammation,

pathogens, nutrition and autoimmunity; the team included a

health coach, a nutritionist, a physical trainer and a physician;

nutrition was plant-rich, high-fiber, with salad, fish sometimes eggs

and meat, no processed food, simple carbohydrates including gluten

and dairy; aerobic and strength training were conducted several

times a week; sleep hygiene was supported; stress management

provided”. The results indicated cognitive improvement in all

groups. A major limitation, though, is the small sample-size (25

included patients). In a multidomain lifestyle intervention approach

to reduce cognitive impairment the “Finnish Geriatric Intervention

Study to Prevent Cognitive Impairment and Disability (FINGER)”

(55–57) targeted several modifiable risk factors by applying “five

fingers” daily including a healthy diet, physical, cognitive and social

activities as well as the monitoring of cardiovascular risk factors.

Paradoxically, the included PM interventions (“five fingers”) did

not modify the intervention response, but showed an overall

beneficial effect on cognition irrespective of the baseline patient

characteristics. Thus, although a beneficial effect of “five fingers”

daily has been reported, we still lack information as to which patient

or patient group responds best to which intervention.

But old age psychiatry is more than AD. Depression in late life is

a major concern with poor treatment outcome (58). Anxiety is

another major concern and it has been stressed the importance to

include psychotherapy in treatment (59), something that is often

challenging given the organizational circumstances in outpatient

clinics. Loneliness is crucial and should be addressed and targeted in

elderly, “precise interventions that focus on individuals’ needs and

the subjective burden of loneliness in the ageing context” have been

suggested (60).

Some authors (61) provide an example of how a preclinical,

personalized medicine approach in old age psychiatry could look

like. They suggest a physical examination with blood tests for

Alzheimer biomarkers each year, starting in middle age, including

a genetic test for AD risk at the age of 50. If results are positive,

further tests for other associated mechanisms would follow
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including cognitive testing to assess memory impairment. Patients

with pathological biomarkers, cognitive impairment or both would

be treated early with the most appropriate drug, get neuroimaging

examination for precise staging and then receive a drug targeted for

their individual etiology and stage of AD. Taken together, a

personalized medicine approach in old age psychiatry with an

overarching aim to prevent dementia, would target several

modifiable risk factors in early stages or preferably in preclinical

stages of AD and stratify patients based on biological characteristics

including genetic risk factors and epigenetics. Although we cannot

cure AD for now, we might be able to delay the onset of dementia

and thereby prolong the health span. It has been speculated that a 5-

years delay in AD dementia onset would reduce its prevalence with

nearly 50% (6). The socioeconomic impact would be tremendous,

considering 120 million estimated AD dementia patients in 2050

(62). Some studies are promising in theory, but the clinical

significance may still be debatable. Challenges in PM include the

transformation of individual clinical assessment into large amounts

of data that would in turn form the basis for individual and

personalized treatment (3). Evidence based methods including

standardized tests would need to be implemented in clinical

routines and to be digitalized. A framework has been proposed

including evidence based methods and testing for the

implementation of PM: the Alzheimer Precision Medicine

Initiative (APMI) (63, 64) is built on “4 pillars” (prediction,

prevention, personalization and participation, “P4”) including the

use of multimodal biomarkers to guide routines, digital devices and

health technologies to collect and record patient data as well as data

science to analyze and integrate data. Electronic health records

(EHR) and portable digital devices such as smart phones or watches

equipped with apps can facilitate automated data flow including the

registration of longitudinal data (65–68). Data science is needed to

create large data bases (3, 64). These data bases would comprise

information from multiple omics levels, where artificial intelligence

(AI) would be needed to integrate these highly complex data to

establish clinically meaningful models (69–73). However, it is

crucial to define whose and which data would be relevant to be
Frontiers in Psychiatry 04
collected, e. g. from healthy or diseased persons (4, 74). And of

course, the protection of data privacy would need to be guaranteed.
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