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ABSTRACT

Cognitive decline, both due to ageing or disease, presents one of Western soci-
eties” most significant disease burdens. Personalized preventive actions and
public health interventions and policies can contribute to the prevention of
dementia and healthy ageing. Nutrition is an integral part of the exposome,

P. Borut (<)
Clinical Institute of Genomic Medicine, University Medical Center Ljubljana, Ljubljana, Slovenia
e-mail: borut.peterlin@guest.arnes.si

Z. Bojan
University Psychiatric Clinic Ljubljana, Ljubljana, Slovenia

P. Ana
Faculty of Medicine, Institute of Histology and Embryology, University of Ljubljana, Ljubljana,
Slovenia

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022 191
A. G. Haslberger (ed.), Advances in Precision Nutrition, Personalization
and Healthy Aging, https://doi.org/10.1007/978-3-031-10153-3_8


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-10153-3_8\&domain=pdf
mailto:borut.peterlin@guest.arnes.si
https://doi.org/10.1007/978-3-031-10153-3_8

192 P. Borut et al.

acting either as a risk factor or preventive intervention. Precision nutrition
approach for prevention of cognitive decline involves the ability to profile
the population for the risk of dementia, knowledge of the impact of nutrients
and dietary patterns on biological processes involved in the pathogenesis of
cognitive decline and the ability to predict individual heterogeneity response
to diet. Genetic factors, either as rare monogenic causes or polygenic risk
scores and known risk factors for dementia, can be used to assess the indi-
vidual risk for dementia. In addition, several nutrients and dietary patterns
influencing common mechanisms involved in dementia pathogenesis like oxida-
tive stress, neuroinflammation, and hypoxia have been investigated as potential
preventive interventions—the evidence is still accumulating. Finally, genomic
variation, epigenetics, and microbiome have been proposed to modulate individ-
ual response to diet, and different »omic« surrogate biomarkers could improve
the monitoring of individual response to nutrition. Large population data sets
covering comprehensive information on mentioned variables are needed for the
system medicine approach to dementia prevention. In addition, there is an urgent
need for standardization of the methodological inventory and study design on
the international level for that purpose.

8.1 Introduction

The cognitive decline that progresses to dementia is currently the fifth most sig-
nificant contributor to the global burden of disease (Prince et al. 2015)) and
substantially affects patients’ lives, their families, and society. It affects around
1% of the population aged 30-64 years (Hendriks et al. 2021). Due to the ageing
population worldwide, it is projected that the prevalence will triple by 2050 (Col-
laborators et al. 2016); therefore, dementia is considered a global public health
priority. It was estimated that a five-year delay in the onset of dementia would
reduce the number of people with a disease by 33-50% by 2050 (Jennings et al.
2020).

Dementia is not a specific disease but rather an overarching term to describe a
group of symptoms affecting memory, thinking, and social abilities which inter-
fere with daily life. It is associated with several distinct diseases with different
aetiology and pathophysiology. Alzheimer disease is the most common cause,
followed by vascular dementia, dementia with Lewy bodies, frontotemporal degen-
eration, and dementias associated with brain injury, infections, alcohol abuse,
and genetic causes. Different entities are associated with specific etiological fac-
tors and neuropathologic hallmarks, while etiological factors and neuropathologic
signs are often shared among dementias (Raz et al. 2015). Alzheimer’s disease
is characterized by the extracellular accumulation of senile plaques composed of
a peptide and intraneuronal accumulation of neurofibrillary tangles composed of
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hyperphosphorylated microtubule-binding protein-tau. Vascular dementia is a het-
erogeneous disorder associated with endothelial dysfunction, atherosclerosis, small
vessel disease, ischemia, and haemorrhage. Dementia with Lewy bodies is char-
acterized by abnormal aggregation of the synaptic protein alpha-synuclein, while
frontotemporal dementia may be associated with either cellular p-tau inclusions,
ubiquitin-positive tau-negative neuronal inclusions, or neurodegeneration without
ubiquitin or tau inclusions. There is significant heterogeneity in the comorbidity,
and the cognitive impact of age-related neuropathology and mixed neuropatholo-
gies is the most common cause of dementia in the population (Boyle et al. 2021).
Thus, the contribution of neuropathologies to cognitive decline is person-specific
which has an essential impact on prevention strategies (Boyle et al. 2018).

Common mechanisms involved in dementias include neuroinflammation, neu-
rodegeneration, autophagy, hypoxia with cerebrovascular dysfunction, blood-brain
barrier dysfunction, and oxidative stress (Raz et al. 2015; Dominguez and
Barbagallo 2018). Equally important for designing preventive interventions are
functional pathways associated with cognitive resilience, including inflammation,
amyloid degradation, memory function, and neurotransmission (Pérez-Gonzdlez
et al. 2021).

Understanding pathology and mechanisms associated with cognitive decline
provides a basis for prevention. In addition to public health interventions and
policies, personalized preventive actions can contribute to dementia prevention.
Preliminary evidence has not demonstrated that population screening for demen-
tia had clear benefits or harm in quality of life, mood, or improved diagnostics
(Fowler et al. 2020). Therefore, individualized strategies to identify risk fac-
tors and planning intervention strategies are expected to impact future prevention
significantly.

Precision nutrition interventions could impact several biological processes
involved in the pathogenesis of cognitive decline one hand. Also, there is indi-
vidual heterogeneity in response to diet. To explore the potential individualized
nutritional interventions, we will discuss current evidence of dietary effects on
cognition, individual differences in response to nutrition in the context of cogni-
tion, as well as our understanding of risk factors for dementia which could lead to
an assessment of individualized risk for dementia or stratification individuals for
precision nutrition interventions (Fig. 8.1).

8.2 Nutrients and Dietary Patterns

Many nutritions are associated with mechanisms and risk factors for cognitive
decline and dementia. However, most of the evidence linked to potential inter-
ventions is still lacking or is contradictory. Moreover, in several cases, potential
favourable effects are limited to specific subpopulations, which requires further
scientific confirmation and stipulates the potential of individualized nutritional
interventions.
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Fig.8.1 Potential applications of precision nutrition on cognitive decline

8.2.1 Antioxidants

The contribution of oxidative stress to neurodegenerative disorders is not clearly
understood, and several mechanisms have been proposed (Cobley et al. 2018).
The primary antioxidant defences include vitamin C, vitamin E, carotenoids,
flavonoids, and polyphenols.

The meta-analysis demonstrated low-certainty evidence for a positive effect of
vitamin C and carotenoids on overall cognitive function (Rutjes et al. 2018). A
recent meta-analysis of randomized intervention trials suggested that carotenoids
are associated with better cognitive performance (Davinelli et al. 2021). Further-
more, there is partial evidence of synergism between carotenoids and vitamin
E regarding basic cognitive performance (Beydoun et al. 2020). The results on
vitamin E impact on cognition have been mixed (Lakhan et al. 2021).

Flavonoids were associated with a beneficial effect for maintaining cognitive
function (Yeh et al. 2021; Gardener et al. 2021).

Similarly, polyphenols have been reported to improve cognitive function in both
healthy middle-aged volunteers and students (Philip et al. 2019; Carrillo et al.
2021).

8.2.2 Vitamins

Both vitamin B12 and vitamin B6 are involved in the metabolism of homocys-
teine. Most systematic reviews showed no overall evidence that oral B vitamin
supplementation prevented cognitive decline (Rutjes et al. 2018; Behrens et al.
2020; Markun et al. 2021). Pooled post hoc analysis of two randomized clinical
trials showed that B vitamins had favourable effects on global cognitive function-
ing and whole-brain atrophy in older people with mild cognitive impairment (Wu
et al. 2021). Furthermore, a combination of B6 and B12, folate, and n-3 fatty
acids contributed to preserving semantic memory in a subgroup of women and
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men with previous coronary artery disease or ischaemic stroke aged 45-80 years
in a randomized clinical trial (Andreeva et al. 2011).

Observational studies on folic acid supplementation provided mixed results
(Scarmeas et al. 2018). A recent randomized clinical trial provided evidence that
combining folic acid and docosahexaenoic acid therapy might improve cognitive
function and reduce AP production in patients with mild cognitive impairment (Bai
et al. 2021).

Few evidence on vitamin D supplementation demonstrated no significant effect
on cognition; there is some evidence of modest effect in older black adults (Kang
et al. 2021).

8.2.3 Omega-3 Fatty Acids

Randomized clinical trials reported mixed findings with supplementation of
docosahexaenoic acid (DHA), however, in the LipiDiDiet trial Souvenaid (medic-
inal food with docosahexaenoic acid as one of the bioactive ingredients) improved
clinical dementia rating score (Soininen et al. 2017). Recently, it was suggested
that the supplementation of eicosapentaenoic acid but not DHA improved global
cognitive function (Patan et al. 2021), while no treatment effect was found after
omega-3 supplementation in young adults (Marriott et al. 1854). Combining DHA
and folic acid therapy might be more beneficial in improving cognitive function
and reducing AB-related biomarkers in older adults with mild cognitive impairment
(Bai et al. 2021).

8.2.4 Dietary Patterns

Due to the complex interactions among different nutrients on one side and com-
plex evolution of cognitive decline on the other, dietary patterns rather than single
nutrients could better address the therapeutic potential of nutrients. Three dietary
patterns were most extensively studied with cognitive decline: Mediterranean
diet, dietary approaches to stop hypertension (DASH) and Mediterranean—DASH
intervention for neurodegenerative delay (MIND).

While several observational studies reported beneficial effects of mostly
Mediterranean and MIND diets on cognition, few randomized controlled trials
with mixed results do not provide conclusive evidence (Duplantier and Gardner
2021). Furthermore, standardized approaches are needed both for nutrition and
cognitive assessment (Scarmeas et al. 2018; Duplantier and Gardner 2021).

8.3 Individualized Response to Diet

There is considerable individual variation in how nutrients and food-derived
bioactive molecules are absorbed and metabolized in humans. Understanding and
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assessing this variation may lead to better dietary recommendations and person-
alized dietary interventions. Sources for metabolic heterogeneity may include the
human genome, epigenome, and microbiome (Zeisel 2020).

8.3.1 Human Genome

Genetic variation in the human genome may be associated with differential
responses to nutrients (nutrigenetics). Few studies were addressing nutrigenetic
implications in cognitive disfunction. In four studies, a healthy lifestyle includ-
ing diet, fatty fish consumption, fruits and vegetables, and moderate intake of
polyunsaturated fats were associated with reduced dementia risk (Samieri et al.
2021). Additionally, genetic variation in the MTHFR gene was associated with the
total plasma homocysteine concentrations following B vitamin supplementation
in the SU.FOL.OM3 trial (Fezeu et al. 2018). Polymorphisms in genes involved
in vitamin uptake, transport, and metabolism were associated with vitamin sta-
tus (Niforou et al. 2020). Similarly, data on the genetic variation of antioxidant
enzymes relevant to nutritional components accumulate (Birk 2021).

8.3.2 Epigenome

The field of epigenetics is concerned with changes in gene expression that are
not related to changes in DNA sequence. Epigenetic control of gene expression
involves several mechanisms, including DNA methylation and hydroxymethyla-
tion, histone modifications, non-protein-coding RNA molecules, RNA editing,
chromatin remodelling, and telomere control. Epigenetic marks are reversible
and influenced by several environmental factors, including nutrition, infections,
chemicals, stress and age, to name only a few.

Some dietary factors, such as folate, vitamins B6 and B12, choline and methio-
nine, are involved in metabolic pathways directly related to DNA methylation.
However, diet effects also other epigenetic mechanisms, such as histone modifica-
tions and non-coding RNAs (Dauncey 2014). Consequently, dietary factors such
as deficiency in folate, vitamins B6 and B12 effect cognition via alterations in
DNA methylation or in the case of vitamins A, E and C via histone acetylation
(Polverino et al. 2021).

8.3.3 Microbiome

The microbiome is involved in nutrient metabolism and releases specific diet-
microbial metabolites in the gut and the bloodstream. These include neuro-
transmitters, pro-inflammatory factors, and short-chain fatty acids. There are
marked person-specific diet-microbiome interactions in the population, and thus,
the gut microbiome contributes to the variation of subject-specific responses to
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diet (Leshem et al. 2020). In addition, several gut-derived metabolites linked to
the brain metabolism, which are associated with specific diet—bacterial strains
interactions, were identified (Samieri et al. 2021).

8.4 Risk Factors for Dementia

Risk factors for dementia include both nonmodifiable such as age, sex, and genetic
predisposition as well as modifiable risk factors including less education, hyper-
tension, hearing impairment, smoking, obesity, depression, physical inactivity,
diabetes, low social contact, excessive alcohol consumption, traumatic brain injury,
and air pollution (Livingston et al. 2020).

While diabetes and obesity may present direct targets for nutritional prevention
or intervention and will be discussed in the next chapter, genetic predisposition
may be used to estimate the risk of developing the disease. Moderately raised
concentrations of homocysteine were reported to be associated with an increased
risk of dementia in men and women over 65 years (Smith et al. 2018). It has been
estimated that 25% of individuals aged 55 years and older have a family history
of dementia (Loy et al. 2014) which might be associated with a monogenic or
polygenic predisposition and complex interactions with environmental factors.

Monogenic forms of dementia may be due to pathogenic genetic variations
in the APP, PSEN1 and PSEN2 genes related to Alzheimer disease, MAPT,
GRN, C9orf72, CHMP2B, FUS, VCP, SQSTM1, OPTN, UBQLN2 and TBK1
genes related to frontotemporal dementia, NOTCH3, GLA, TREX1, COL4A1 and
HTRAT1 genes associated with the vascular type of dementia, and more than 168
genes related to rare syndromic forms of dementia (Huq et al. 2021). In addition
to rare monogenic forms of dementia, polygenic risk scores can be used to predict
the risk of developing dementia, as has been shown for Alzheimer disease (Rojas
et al. 2021; Escott-Price et al. 2017; Leonenko et al. 2021).

Prognostic models may assess different risk factors and provide the likelihood
that an individual will develop dementia; however, there is no golden standard to
evaluate the dementia risk yet (Geethadevi et al. 2021; Goerdten et al. 2019).

8.5 Challenges and Future Directions

Presented data show evidence that, on the one hand, evidence is accumulating
about the effects of nutrition on pathological processes involved in cognitive
decline and for the assessment of individual responses to diet as well as risks
for developing dementia. On the other hand, current evidence is mainly based
on a single or small number of observed interactions. We are just at the begin-
ning of understanding single elements that are part of much more complex and
heterogeneous networks, necessary to understand and model in order to design
comprehensive dietary interventions for an individualized approach to cognitive
decline prevention (Ommen et al. 2017; Ebaid and Crewther 2020).
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To advance the field, comprehensive data on multiple combinations of nutri-
tion exposures for different, specific domains of cognitive function are needed
(Samieri et al. 2021). High throughput technologies will provide several levels
of nutrigenomic biomarkers, including transcriptomic, proteomic, metabolomic,
lipidomic, and immunomic, which will provide data for a systems approach to
understanding nutritional effects on molecular pathways. At the same time, data
on potential sources influencing metabolic heterogeneity in response to nutrition,
including individual genetic and microbiome data, should be available to personal-
ize intervention strategies. Furthermore, tools for dementia risk assessment based
on a combination of risk factors will provide information on individualized risk
for cognitive decline to inform precision nutrition interventions. Finally, due to
the heterogeneous and complex aetiology and pathogenesis of cognitive decline,
precision nutrition is one of the multidomain interventions, which should simulta-
neously target several risk factors and mechanisms to achieve optimal preventive
effects (Solomon et al. 2021).

Large cohorts from different world populations, standardized study designs,
and analytical methods are needed to provide adequate power for evidence-based
recommendations.
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