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Abstract Neurodegenerative disorders have grabbed global attention as it resulted
in morbidity and disability worldwide. Neurodegenerative diseases pertaining to the
central nervous system are heterogeneous disorders characterized by the progressive
degeneration of its structure and function. Alzheimer’s disease is one of the most
frequently occurring neurodegenerative disorders and is the major cause of demen-
tia. Worldwide 50 million people are suffering from dementia (among 60–70%
belongs to Alzheimer’s disease), and it is increasing at the rate of ten million new
cases per year. There is a vast evidence for possible dietary risk factors in the
development of Alzheimer’s disease and cognitive decline with age. Therefore,
diet and nutrition are essential in modulating the risk of Alzheimer’s disease.
Epidemiological evidence demonstrates a protective role of dietary supplementation
of antioxidants, polyunsaturated fatty acids, B complex vitamins, essential elements,
and polyphenols, which could protect the brain from oxidative and inflammatory
damage. Furthermore, consumption of fish, fruits, vegetables, coffee, and light-to-
moderate alcohol reduces the risk of Alzheimer’s disease. Adherence to a healthy
diet and the dietary patterns like the Mediterranean diet or DASH diet are associated
with a lower risk of Alzheimer’s disease. This chapter focused on the epidemiolog-
ical evidence linking many nutrients, foods, and dietary habits to Alzheimer’s
disease.
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3.1 Introduction

Alzheimer’s disease is a neurodegenerative and progressive disorder characterized
by deterioration in intellect, affecting memory, thought, language, reasoning, learn-
ing, orientation, comprehension, judgment, as well as behavior and impairment of
everyday activities (Abate et al. 2017). Alzheimer’s disease, primarily causing
dementia worldwide, accounts for 50–60% of all cases (Morris 2009). The global
prevalence of dementia is expected to double every 20 years, and it will be more than
80 million people by 2040 (Morris 2009) and the estimate of Alzheimer’s disease
cases is projected to reach 106.8 million worldwide by 2050; hence, it is a growing
public health issue with a global socioeconomic burden (Hu et al. 2013).

Alzheimer’s disease has a complex, multifactorial neuropathophysiology involv-
ing the deposition of extracellular 4 kDa peptide amyloid beta (Aβ) plaques and
somatodendritic makeup of hyperphosphorylated tau protein-producing
intraneuronal neurofibrillary tangles, which are both associated with synaptic and
neuronal loss and neuroanatomic dysfunctions, including those involving choliner-
gic transmission (Swaminathan and Jicha 2014; Kamphuis and Wurtman 2009;
Bazan et al. 2011). Besides these critical pathological characteristics of Alzheimer’s
disease, there is ample evidence that increased oxidative stress, abnormalities in
mitochondrial dysfunction and the development of cellular energy, and chronic
inflammatory responses lead to the degenerative cascade of this complex disease
(Swaminathan and Jicha 2014). Alzheimer’s disease is broadly divided into two
primary forms: early onset and late-onset. The uncommon early onset form of
Alzheimer’s disease (about 1% of all cases of Alzheimer’s disease) is characterized
by autosomal-dominant genetic mutations, symptoms starting before age 60, and
genetically induced Aβ overproduction (Mosconi and McHugh 2015). Less than 1%
of Alzheimer’s cases are caused by particular mutations in three genes for amyloid
precursor protein (APP), presenilin-1, and presenilin-2, all associated with Aβ
metabolism (Abate et al. 2017). At a cellular level, dysfunction in the processing
of βAPP results in an overabundance of the 42 amino acid Aβ42 peptide oligomer,
which initially impairs synaptic function. Aβ42 triggers damaging signals (accom-
panied by early apoptosis) and changes in gene expression, which emulate
neurodegeneration and Alzheimer’s disease characteristics. Neuroinflammatory
degeneration related to Aβ42 is an essential contributory factor to the neuropathol-
ogy of Alzheimer’s disease (Bazan et al. 2011). On the other hand, the most common
form of late-onset Alzheimer’s disease (onset after 60 years of age), which accounts
for >99% of the total population of Alzheimer’s disease, is a multifactorial disease
of unknown origin most likely to develop from the complex interaction between
genetic and environmental factors (Mosconi and McHugh 2015). Late-onset
Alzheimer’s disease has been correlated with several risk factors, including demo-
graphics (i.e., old age, female gender, low education), ancestry or inheritance (i.e.,
family history of first-degree, epsilon 4 allele of the apolipoprotein E gene [APOE?
4]), medical status (i.e., hypertension, cardiovascular disease), cognitive status (i.e.,
objective and subjective cognitive decline), environmental factors (i.e., pollutants,
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environmental toxins), and lifestyle factors (poor diet, low physical or social activ-
ities, chronic stress) (Mosconi and McHugh 2015).

At present, there is no cure for Alzheimer’s disease, and the existing therapies
only momentarily alleviate the symptoms (Sindi et al. 2015; Kamphuis and
Wurtman 2009). The prevailing medical therapies improve the transmission of
acetylcholine and other neurotransmitters, along with various multidisciplinary
strategies which focus on improving the quality of life and reducing symptom
burden (Swaminathan and Jicha 2014). There are two major challenges concerning
Alzheimer’s disease: the delay in diagnosis and the lack of neuroprotective or
curative pharmacological treatment. In fact, Alzheimer’s disease is only recognized
in the later stage when cognitive performance begins to decline (Abate et al. 2017).
The G8 Dementia Summit and World Health Organization (WHO) have identified
dementia and Alzheimer’s disease prevention as a major public health concern
(WHO 2012; G8 Dementia Summit Declaration 2013). Thus, there is a strong
unmet need for effective prevention and therapeutic strategies. Furthermore, evi-
dence showed the potential role of nutrition in such strategies is rapidly gaining
interest (Kamphuis and Wurtman 2009).

Diet and nutrition have been increasingly recognized as the potential factors
influencing the susceptibility of Alzheimer’s disease by preventing or delaying
cognitive decline (Mosconi and McHugh 2015; Kamphuis and Wurtman 2009).
Thus, a potential role for nutrition in the prevention and management of Alzheimer’s
disease seems likely. A growing body of literature, from preclinical to epidemiolog-
ical, provides evidence of dietary and nutrient trends associated with Alzheimer’s
disease risk biomarkers, suggesting that dietary nutrients may modulate the risk of
Alzheimer’s and cognitive function. Nutrients effect on the deposition of Aβ and
associated neuronal damage even several years before the potential onset of symp-
toms (Mosconi and McHugh 2015). Several nutrients such as monounsaturated and
ω-3 fatty acids, antioxidants, vitamins, and polyphenols have been documented to
minimize the risk of Alzheimer’s disease, whereas saturated fat intake, high-calorie
intake, and excessive alcohol intake have been identified as risk factors (Hu et al.
2013). The combined effect of dietary fats with the level of plasma cholesterol is of
great importance due to the role of cholesterol involved in both Aβ production and
deposition. Besides, the protein APOE?4, which is a known genetic risk factor for
Alzheimer’s disease is the key cholesterol transporter in the brain (Abate et al. 2017).

This chapter will discuss the impact of nutrition, diet, and dietary pattern on
Alzheimer’s disease, the most common cause of dementia. Dietary and lifestyle
approaches for prevention and management of Alzheimer’s disease will also be
focused in the later section.

3.1.1 Risk Factors

Several factors are contributing to the risk of Alzheimer’s disease (Fig. 3.1), includ-
ing older age, genetic factors (particularly the presence of the allele APOEε4), family
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history, obesity, diabetes mellitus, hypertension, and hypercholesterolemia, cardio-
vascular problems, lifestyle factors like dietary pattern, excessive alcohol consump-
tion, smoking; a history of head injury, anxiety, stress, depression, and also low
physical activity (Sindi et al. 2015; Barnard et al. 2014; Morris 2009). A vast amount
of studies have also suggested that dietary and lifestyle factors may influence risk,
raising the possibility that preventive strategies with diet may be effective (Barnard
et al. 2014).

3.2 Role of Nutrients in Prevention and Management
of Alzheimer’s Disease

The “precautionary principle” is applied in toxicology under circumstances where
there is significant ground for concern about the health effects on exposure and
where available evidence precludes a thorough risk evaluation (European Commis-
sion 2000). A similar approach may be extended to nutrition and other lifestyle-
related exposures, particularly in conditions such as Alzheimer’s disease, where
there may be a long period of latency between exposure and the disease manifesta-
tion (Barnard et al. 2014). A nutritional and dietary approach to prevent or slow the
progression of Alzheimer’s disease can be a promising strategy and thus has been
widely explored (Abate et al. 2017). It is well known today that certain dietary
nutrients, including polyunsaturated fatty acids (PUFA), vitamins, essential ele-
ments, and polyphenolic compounds, may significantly affect the aging of the
brain, contributing to enhanced memory and motor skills. All of these compounds
have powerful antioxidant and anti-inflammatory activity (Abate et al. 2017; Hu
et al. 2013) and have the ability to enhance cognition. However, it is not limited to

Fig. 3.1 Risk factors associated with Alzheimer’s disease
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their antioxidant properties, since they often involve particular complex molecular
and cellular processes that promote brain plasticity (Abate et al. 2017). In this
section, we will discuss different nutrients which play a role in the prevention or
management of Alzheimer’s disease.

3.2.1 Antioxidants

Multiple studies have shown that Alzheimer’s disease involves oxidative and
inflammatory activities, but it is not clear if such processes are a cause or conse-
quence of the disease or both (Morris 2009). Oxidative stress and the inflammatory
mechanism eventually contribute to a disruption of the functioning and signaling of
neuronal cells, leading to neuronal cell death (Morris 2009; Gustafson et al. 2015).
Oxidative stress occurs when the intracellular capacity to expel free radicals is
surpassed, resulting in changes in DNA, lipids, polysaccharides, and proteins, as
well as changes in the homeostatic redox balance. A common and early character-
istic of Alzheimer’s pathology is oxidative stress. Some of the pathogenic factors,
such as oxidative damage, accelerated amyloidogenic APP processing, mitochon-
drial dysfunction, and Aβ accumulation, are observed at synaptic terminals of the
brains of Alzheimer’s disease patients and animal models, which are associated with
synaptic dysfunction. This is crucial because synaptic disruption is a key factor in
cognitive impairment during aging and Alzheimer’s disease progression (Gustafson
et al. 2015). The antioxidant, which offers the most protection, is still debatable.
Some antioxidants ideally target cytosolic oxidative stress pathways, while others
typically function as mitochondrial cofactors that can reduce the intrinsic mecha-
nisms of oxidative stress (Swaminathan and Jicha 2014). There are several potential
sites of activity and complex antioxidant-influenced cellular pathways. The hypoth-
esis that antioxidant therapy can prevent or delay the Alzheimer’s disease progres-
sion has led to many studies suggesting potential risks and advantages of antioxidant
therapy for the treatment of Alzheimer’s disease (Swaminathan and Jicha 2014).
Antioxidants such as vitamins E and C constitute the body’s innate defense mech-
anisms to combat oxidative stress (Morris 2009).

In animal models, dietary supplement studies with antioxidants exhibited better
learning attainment and memory retention. At death, the brains of the antioxidant-fed
animal models unveiled less neuronal cell loss and less evidence of oxidative
damage and inflammation (Morris 2009). Thus, dietary nutrients with antioxidant
properties may have positive effects in Alzheimer’s disease and those at risk for the
disease by reducing oxidative stress, particularly when used in combination
(Gustafson et al. 2015). It has been shown that the dietary intake of antioxidants in
foods is superior to supplements in human studies on cognition and risk of devel-
oping Alzheimer’s disease (Zandi et al. 2004; Morris et al. 2002). Several nutrients,
particularly vitamin C, vitamin E, and carotenoids, and non-nutrient food ingredients
such as polyphenols and anthocyanins, have direct antioxidant activity. Furthermore,
some essential elements such as selenium, zinc, and copper serve as cofactors for
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proteins or enzymes with antioxidative potential (Scarmeas et al. 2018). Thus, the
intake of dietary antioxidants could have an effect on the development of cognitive
impairment.

3.2.2 Dietary Fat

Changes in fatty acid composition and levels have important implications on neu-
ronal integrity during aging and for the development of Alzheimer’s disease (Morris
and Tangney 2014; Gustafson et al. 2015).

3.2.3 Saturated Fat and Trans Fat

Several studies, although not all, have suggested an association between intake of
saturated or trans fats with Alzheimer’s disease (Barnard et al. 2014; Morris and
Tangney 2014; Hu et al. 2013). The Chicago Health and Aging Project has shown
that the population with higher saturated fat intake had twice the risk of developing
the disease (Morris et al. 2003). A moderate intake of saturated fatty acids has been
associated with an increased risk of Alzheimer’s disease and dementia, especially
among APOEε4 carriers (Laitinen et al. 2006). Trans-fatty acid can also potentially
increase the risk of Alzheimer’s or trigger an earlier occurrence of the disease by
increasing Aβ production through increasing amyloidogenic processing and by
decreasing APP through non-amyloidogenic processing (Hu et al. 2013). Additional
evidence of probabilistic associations between saturated or trans fat intake and
Alzheimer’s risk stems from the fact that the APOEε4 allele, which is strongly
correlated to Alzheimer’s disease, produces a protein that plays a crucial role in the
transportation of cholesterol. Also, the observational studies indicate that consump-
tion of high-fat foods and increased blood cholesterol concentrations may contribute
to Aβ production or its aggregation in the brain tissues (Barnard et al. 2014).

3.2.4 Monounsaturated fatty acid (MUFA)

Monounsaturated fatty acids (MUFAs) and their derivatives have anti-inflammatory
effects (Borniquel et al. 2010). Intake of higher monounsaturated fatty acid was
associated with better cognitive function, while higher saturated fatty acid was
linked with worse cognitive function (Hu et al. 2013).
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3.2.5 Polyunsaturated Fatty Acid (PUFA)

Numerous studies have investigated the effects of PUFAs in preventing or slowing
Alzheimer’s disease, while elevated intake of PUFA might be beneficial to
Alzheimer’s disease (Hu et al. 2013). The ability of PUFA to avoid neuronal loss
and cognitive impairment derives from the evidence that PUFAs are vital compo-
nents of neuronal cell membranes, retaining membrane fluidity necessary for neural
network connectivity of the synaptic vesicle fusion and neurotransmitter (Joseph
et al. 2009). Long-term ω-3 supplementation to the animal models showed that a
decreased ω-6/ω-3 ratio reduced Aβ, prevented neuronal failure and increased
cognitive function in Alzheimer’s (Abate et al. 2017).

The ω-3 long-chain PUFAs (ω-3 LC-PUFA’s), which are primarily
docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), control the excit-
ability of the neuronal membrane and enhance the capacity for neuronal transmis-
sion, thus improving memory and learning (Abate et al. 2017). In addition, ω-3
LC-PUFA’s modulate the inflammatory processes by functioning in several different
ways at the level of the immune system with respect to (1) controlling the expression
of cytokines and chemokines, (2) decreasing prostaglandins and eicosanoids, and
(3) inducing proresolutive factors, resolvins, and protectins which are involved in
inflammation resolution (Abate et al. 2017). Interestingly, Freund Levi et al. (2014)
reported that ω-3 LC-PUFAs rich diet significantly improved the levels of DHA in
the brain, and indicating that supplementation of ω-3 LC-PUFA’s like DHA and
EPA might directly impact neuroinflammatory pathways. Thus LC-PUFA’s may
hold promise for the prevention and treatment of Alzheimer’s disease (Morris 2009).
Furthermore, studies demonstrated that DHA has effects in reducing Aβ production
(Abate et al. 2017). The major mechanism involved in the DHA-induced reduction
of Aβ may be due to multiple implications: changes in the structure of lipid raft,
alterations in the processing of APP, and induction of anti-amyloidogenic chaper-
ones for APP (Abate et al. 2017). In comparison to the pro-inflammatory effect of
other members of the ω-6 PUFA family (Bazan et al. 2011), ω-3 DHA exhibits anti-
inflammatory and inflammatory mitigating properties. Supplementation of dietary
ω-3 polyunsaturated fatty acids has been reported to influence gene expression that
could affect inflammatory processes (Hu et al. 2013). Metabolic trials have shown
that diets with a high ratio of saturated to polyunsaturated or monounsaturated fats
contribute to poor plasma cholesterol profile, which may play a central role in
Alzheimer’s disease due to its involvement in both the generation and deposition
of Aβ (Morris 2009). The most important genetic risk factor for Alzheimer’s disease
is the APOEε4, which is predominantly responsible for regulating cholesterol
transport in the brain. Diet-induced hypercholesterolemia accelerates Aβ deposition
in the brain, whereas a diet rich with unsaturated fat exhibits superior memory and
learning (Morris 2009). The primary role of lipids in maintaining neuronal integrity
has clear insinuations for dietary impact in Alzheimer’s disease prevention and
management.
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3.2.6 Carbohydrate

It has been indicated that type 2 diabetes mellitus patients are at elevated risk of
developing Alzheimer’s disease (Williams et al. 2010). The common mechanism has
been proposed to be the deficient brain insulin signaling pathway. With increased
exposure to glucose, several proteins in neurons are prone to glycation, which is an
important contributor to Alzheimer’s disease (Hu et al. 2013). Therefore, a high
dietary intake of carbohydrates may be detrimental to Alzheimer’s. However,
sufficient information is not available to establish the association between a high
carbohydrate diet and Alzheimer’s disease. A prospective study by Luchsinger et al.
(2007) indicated that carbohydrate content in food was not associated with a higher
risk of the disease.

3.2.7 Vitamins

Vitamins are strong antioxidants. Their potential to maintain healthy cognition and
inhibit cognitive decline is heightened by the fact that the brain is highly susceptible
to damage from oxidative stress. The brain is a major oxygen metabolizer, account-
ing for 20% of the body’s consumption, and has relatively weak antioxidant protec-
tive mechanisms. It also contains a large amount of prooxidants such as
polyunsaturated peroxidizable fatty acids, along with high iron levels. Accumulation
of free radicals in the brain environment leads to a steady decline in cognitive
abilities, intensifying dementia (Abate et al. 2017). Studies have revealed that
antioxidants protect the brain from oxidative and inflammatory damages (Morris
2009).

3.2.8 Vitamin B Complex

Because of their involvement with neuronal metabolic pathways, most of the B
complex vitamins are directly or indirectly linked with neuronal health. Such vitamin
deficiency has been directly associated with the development of specific neurological
disorders (Swaminathan and Jicha 2014). Reportedly, vitamin B6 reduces oxidative
stress in Alzheimer’s disease (Hashim et al. 2011). Several studies have indicated
that elevated levels of serum homocysteine and lower folate and B12 levels are linked
with increased risk of Alzheimer’s disease, as it is observed that level of homocys-
teine to be significantly higher in Alzheimer’s disease patients (Morris et al. 2003;
Morris 2012; Nilforooshan et al. 2011). Older individuals with higher homocysteine
levels appear to have lower vitamin B status and lower cognition (Abate et al. 2017).
B vitamins can contribute to Alzheimer’s by hindering oxidative stress and
diminishing homocysteine concentrations (Hu et al. 2013). Increased dietary folate

68 S. Sarkar and M. Chegu Krishnamurthi



intake has been reported to reduce Alzheimer’s disease risk (Corrada et al. 2005).
Nonetheless, few studies confirmed that vitamin B did not play a significant role in
cognitive or neuropsychological functions (Kwok et al. 2011). The reasons for this
inconsistency might be due to differences in study design, dissimilar pathological
conditions of the patients, and the varied measurements of the results.

3.2.9 Vitamin C

Vitamin C has been shown to reduce the development of Aβ oligomers and oxidative
stress (Murakami et al. 2011). Prospective observational studies have indicated that
the combined use of vitamin C and vitamin E for at least 3 years has been associated
with a decrease in Alzheimer’s disease prevalence and incidence (Zandi et al. 2004).
However, there are contradictory studies on the impact of vitamin C supplementa-
tion on Alzheimer’s disease (Devore et al. 2010). Overall, however, there is ample
evidence ensuring healthy levels of vitamin C may have a protective effect against
Alzheimer’s disease, thus avoiding vitamin C deficiency from a normal healthy diet
is likely to be more advantageous than taking supplements (Harrison 2012).

3.2.10 Vitamin E

Vitamin E is a lipid-soluble potent chain-breaking antioxidant that has been found to
confer neuroprotection by inhibiting oxidative and scavenging Aβ-associated free
radicals (Hu et al. 2013). Vitamin E is perhaps the most extensively investigated
vitamin for its role in protecting membrane phospholipids against peroxidation
(Gustafson et al. 2015). Supplementation of vitamin E for patients with moderate
Alzheimer’s disease showed that it delayed the progression of the disease and
therefore reduced the likelihood of institutionalization (Zandi et al. 2004). The
Chicago Health and Aging Project found higher vitamin E intake from food sources
to be correlated with decreased incidences of Alzheimer’s disease (Morris et al.
2005) and dementia (Devore et al. 2010). The level of evidence for dietary tocoph-
erols is high, with a low intake showing deleterious impact (Gustafson et al. 2015).
The best evidence for antioxidant defense against Alzheimer’s disease is a high
intake of vitamin E in the diet. Thus, for the dietary management of Alzheimer’s
disease, vitamin E should be obtained from foods rather than taken as supplements
(Barnard et al. 2014).
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3.2.11 Vitamin D

Vitamin D may have little role in Aβ mechanisms, and its potential link with
Alzheimer’s disease may include pathways such as antioxidative, anti-inflammatory,
vascular, or metabolic pathways (Hu et al. 2013). Observational studies provide vast
evidence that a low concentration of vitamin D is a risk factor for developing
Alzheimer’s disease (Abate et al. 2017). Furthermore, as Alzheimer’s disease
patients have a lower levels of serum vitamin D which was associated with cognitive
decline (Annweiler et al. 2013). Five months of vitamin D3 supplementation
improved learning and memory (Landel et al. 2016), which has been demonstrated
in animal models of Alzheimer’s disease. Vitamin D supplementation has also
reported inducing expression of immune and inflammatory response proteins, neu-
rotransmitter activity, and endothelial and vascular processes with a substantial
decrease in amyloid plaques and astrogliosis. Thus, the guidelines of the Endocrine
Society for keeping vitamin D3 concentrations above 75 nmol/L should be consid-
ered to minimize the risk of Alzheimer’s disease (Grant 2016).

3.2.12 Vitamin A

Vitamin A and β-carotene could be key molecules for the prevention of Alzheimer’s
disease and its therapy due to their ability to inhibit both Aβ oligomerization and
fibrils formation (Hu et al. 2013). In an in vitro study, Takasaki et al. (2011)
demonstrated a possible correlation between vitamin A, β-carotene, and Alzheimer’s
disease with apropos to anti-Aβ oligomerization. Furthermore, low serum and
plasma concentrations of vitamin A and β-carotene have been indicated in
Alzheimer’s disease patients, whereas a higher β-carotene plasma level was associ-
ated with better memory performance (Hu et al. 2013). However, more clinical
studies are required to establish the potential benefit of vitamin A supplementation in
Alzheimer’s disease patients.

3.3 Minerals

Minerals too play an important role in the pathophysiology of Alzheimer’s disease
when consumed in excess or scanty.

70 S. Sarkar and M. Chegu Krishnamurthi



3.3.1 Selenium

Selenium is one of the essential micronutrients in humans and is reported to have
antioxidant properties. However, it is toxic at higher doses (Rayman 2000). Sele-
nium plays an important role in antioxidative defense and inflammatory disease
(Hu et al. 2013). A significantly lower level of plasma selenium has been reported in
Alzheimer’s disease patients (Cardoso et al. 2010). Several supplementation trials
have demonstrated intervention of selenium improved cognition (Chandra 2001;
Cornelli 2010; Scheltens et al. 2010); however, the effect of selenium supplemen-
tation in Alzheimer’s disease requires validation.

3.3.2 Copper

Copper is essential for life, but it is also toxic when consumed in excess. High
circulating serum copper has been reported in Alzheimer’s disease patients, which
are associated with high risk (Squitti 2012; Ventriglia et al. 2012). Thus, copper
dysfunction is thought to play a role in Alzheimer’s pathology (Hu et al. 2013). Even
though a prospective, randomized supplementary trial showed that oral copper
supplementation did not affect the progression of Alzheimer’s disease(Kessler
et al. 2008), some studies have indicated that excessive intake of iron and copper
may contribute to cognitive problems (Brewer 2009, 2012; Stankiewicz and Brass
2009). Individuals with a high dietary intake of saturated fat in conjunction with high
copper were reported to have cognitive decline (Loef and Walach 2012).

3.3.3 Iron

Iron facilitates oxidative stress in Alzheimer’s disease, and disparity in iron homeo-
stasis may be a potential risk for the disease (Hu et al. 2013). Irrespective of baseline
iron status, its supplementation has been reported to improve attention and concen-
tration in older children and adults (Falkingham et al. 2010). However, excessive
dietary intake of iron, along with high saturated fat, should be avoided in the elderly
(Loef and Walach 2012).

3.3.4 Zinc

In Alzheimer’s disease patients, cognition loss has been associated with zinc defi-
ciency (Hu et al. 2013). Animal supplementation trial revealed intervention of zinc
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had reduced both Aβ and tau pathologies in Alzheimer’s disease models (Corona
et al. 2010). However, limited data is available for clinical studies.

3.3.5 Aluminum

Like many other minerals Aluminum’s role in Alzheimer’s disease also remains
controversial. Some researchers have reported aluminum’s as neurotoxic when
present in large amounts in the body (Barnard et al. 2014) but aluminum has been
found in the brains of individuals with Alzheimer’s disease (Crapper et al. 1976).
Prevalence of Alzheimer’s was also found to be higher in areas of the United
Kingdom and France where water from tap contained higher aluminum concentra-
tions (Barnard et al. 2014). However, due to limited data, its role in Alzheimer’s
disease risk cannot be ascertained.

3.3.6 Polyphenols

Polyphenols are phytonutrients present in many fruits and vegetables. The advanta-
geous role of dietary polyphenols has been proposed as a potential functional food to
prevent memory weakening. Their effects may be not only due to their properties of
antioxidant and anti-inflammation but also due to their ability in modulating enzyme
activity and regulating intracellular signaling pathways and gene expression (Choi
et al. 2012; Obrenovich et al. 2010). Polyphenols, particularly flavonoids, has the
potential to modulate those neuronal signaling cascades, improving memory and
learning (Abate et al. 2017). Polyphenol supplementation can play a role in the
prevention by inhibiting Aβ oligomer formation as well as destabilizing preformed
Aβoligomers (Ono et al. 2003) and thereby attenuating cognitive deterioration
(Hartman et al. 2006; Ho et al. 2009). The phenolic curcumin also has a potential
role in the prevention and treatment of Alzheimer’s disease. Curcumin, a bioactive
yellow-pigmented component of Curcuma longa, (commonly called turmeric in
India) has potent anti-inflammatory, antioxidant, and anticancer properties (Abate
et al. 2017). An animal study showed that curcumin reduced pro-inflammatory
cytokines, oxidative damage, Aβ production, and ameliorating cognitive deficits
(Frautschy et al. 2001). In addition, it has been reported that curcumin decreased the
oxidation of lipoprotein and the formation of free radicals in Alzheimer’s disease
and in other neurodegenerative disorders (Kim et al. 2005). However, further studies
are necessary to demonstrate the effects of polyphenols in delaying or prevention of
Alzheimer’s disease.

While there are many new medical treatment approaches for Alzheimer’s disease,
the most important advantages of these nutritional interventions are their safety,
especially when in the form of diets, utility, low cost in comparison to supplements,
and suitability for prevention.
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3.4 Role of Diet in Prevention and Management
of Alzheimer’s Disease

Nutrients are not consumed individually in isolation. In the case of diet, different
nutrients are consumed in combination. Thus, recognizing the role of diet in the
prevention and management of Alzheimer’s disease is more important. Understand-
ing dietary patterns rather than individual nutrients or food groups, might help in
better to understanding of the role of diet in amelioration of diseases. This section
will discuss the role of different food components and diet patterns for prevention or
slowing Alzheimer’s disease.

3.4.1 Role of Food Components in the Prevention
and Management of Alzheimer’s Disease

3.4.1.1 Fish

Epidemiological studies indicate that fish consumption has a protective effect against
cognitive decline, which can reduce the risk of dementia and Alzheimer’s disease
(Scarmeas et al. 2018; Huang et al. 2005; Morris et al. 2005). The positive factor is
thought to be associated with ω-3 LCPUFA’s like EPA and DHA (Hu et al. 2013).
Several studies indicated that higher blood ω-3 level is associated with reduced
cognitive decline.

3.4.1.2 Fruits and Vegetables

Frequent consumption of fruits and vegetables in medium or great proportion might
reduce the risk of Alzheimer’s disease and dementia (Scarmeas et al. 2018;
Barberger-Gateau et al. 2007; Hughes et al. 2010). Fruits and vegetables are enriched
with micronutrients like antioxidants, bioactive compounds such as vitamins, min-
erals, and polyphenols which are important to the brain and also have low or no
saturated or trans fats (Morris et al. 2006), which might be linked with their higher
intake and lower Alzheimer’s disease incidence. Slower rates of cognitive decline
and decreased risk of dementia have been detected in individuals who consume more
vegetables and fruits (Scarmeas et al. 2018). Benefits were reported to be greater on
higher consumption of vegetables over fruits (Morris et al. 2006). Many foods of
plant sources are rich in several B vitamins. Vitamin B12, folate and vitamin B6 act as
cofactors for the methylation of homocysteine, which is reported to be associated
with a higher risk of cognitive impairment at elevated serum homocysteine levels
(Morris 2012; Smith et al. 2010; Barnard et al. 2014).
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3.4.1.3 Dairy and Dairy Products

A lower milk or dairy product consumption has been identified to be associated with
reduced cognitive function. Dairy consisting of vitamin D, phosphorus, and magne-
sium may reduce the risk of cognitive impairment by decreasing vascular alterations
and structural changes in the brain that occur with cognitive decline (Hu et al. 2013).
In respect to fat intake from milk products, it has been found that moderate intake of
unsaturated fats decreased the risk of Alzheimer’s, while saturated fat was associated
with an increased risk of the disease at midlife (Laitinen et al. 2006). Lower
incidence of vascular dementia was reported in individuals aged 30 years or older
who consume milk every day in comparison to those who consume milk less than
four times a week (Yamada et al. 2003). Another study by Ozawa et al. (2014) found
that the incidence of Alzheimer’s disease and dementia was reduced in participants
aged 60 years or older who reported high consumption of milk and dairy products.

3.4.1.4 Tea and Coffee

Tea and coffee are the most common sources of not only caffeine but also other
biologically active compounds, including catechins, L-theanine, polyphenols, and
other compounds (Wang and Ho 2009; Song et al. 2012). Several neuro-
pharmacological activities have been suggested for tea and coffee ingredients,
including antioxidant, anti-inflammatory, and neuroprotective effects (Islam et al.
2018; Song et al. 2012). Therefore, tea and coffee were relevant contributors to
Alzheimer’s disease, which were associated with decreased risk. Studies reported
that coffee consumption is negatively associated with the risk of Alzheimer’s disease
(Scarmeas et al. 2018), whereas drinking tea was associated with lower risks of
cognitive impairment and decline (Feng et al. 2010; Ng et al. 2008). But it has been
found to be beneficial with mild to moderate consumption only (about three cups per
day) (Scarmeas et al. 2018). In general, consumption of tea or coffee may have a
protective impact on cognitive decline, although few studies report no association.
Therefore, further prospective studies for evaluating the association of tea and coffee
with Alzheimer’s disease are strongly required.

3.4.1.5 Alcohol

Epidemiological evidence indicates that light-to-moderate consumption of alcoholic
beverages was associated with a reduced risk of Alzheimer’s disease, particularly
among APOEε4 non-carriers (Panza et al. 2009). Resveratrol and other polyphenols
in red wine have been found to reduce plaque formation and to protect against
neurotoxicity caused by Aβ (Ho et al. 2009, 2013). Moderate consumption of beer
was thought to be a protective factor for Alzheimer’s disease due to the toits content
of bioavailable silicon (González-Muñoz et al. 2008). Therefore, alcohol intake was
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proposed to have a beneficial effect on Alzheimer’s disease. However, heavy
drinking (>2 drinks), in conjunction with heavy smoking and APOEε4, was asso-
ciated with poor cognitive outcomes and an earlier onset of Alzheimer’s disease
(Harwood et al. 2010).

3.4.2 Role of Dietary Pattern and Diet in Prevention
and Management of Alzheimer’s Disease

A dietary pattern is the consumption of a combination of several food components
that exert an overall effect of diet on human health. The majority of epidemiological
studies of diet and Alzheimer’s disease have focused on detecting associations
between adherence to a specific diet, dietary patterns and the risk of reducing
Alzheimer’s disease. This section has discussed the effect of healthy or unhealthy
dietary patterns and diets such as the Mediterranean and DASH diet on Alzheimer’s
disease.

3.4.2.1 Healthy Dietary Pattern

A healthy dietary pattern is characterized with the consumption of whole grains,
breakfast cereal, fruits, vegetables, fresh dairy products, fish, vegetable fat, nuts, and
tea (Kesse-Guyot et al. 2012). Reports have shown that the highest adherence to a
healthy diet had a better cognitive performance (Kesse-Guyot et al. 2012; Samieri
et al. 2008) and was associated with a decreased risk of Alzheimer’s disease
(Eskelinen et al. 2009).

3.4.2.2 Western Dietary Pattern

A Western dietary pattern is characterized by higher consumption of red and
processed meats, refined grains, sweets, high-fat dairy products, butter, potatoes,
high-fat gravy, and low intakes of fruits and vegetables (Li et al. 2017). A high-fat
Western dietary pattern may contribute to the development of Alzheimer’s disease
by impacting Aβ deposition and inducing oxidative stress (Hu et al. 2013).

3.4.2.3 Mediterranean Diet

Mediterranean diet is the most extensively studied dietary pattern. The Mediterra-
nean diet is a typical diet consumed in the Mediterranean region, which is plant
focused and is characterized by a high intake of vegetables, fruits, cereals, legumes,
bread, potatoes; high intake of MUFA, PUFA with nuts and olive oil, whereas low
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intake of saturated fatty acids; a moderately high intake of fish; a low intake of red
meat and poultry; a low-to-moderate intake of milk products; and a regular moderate
intake of alcohol. Several recent systematic studies, reviews, and meta-analysis
showed that higher adherence to a Mediterranean diet was favorably associated
with slower cognitive decline and reduced risk of progression from mild cognitive
impairment to Alzheimer’s disease, and also reduced mortality in Alzheimer’s
disease patients (Tangney et al. 2014; Scarmeas et al. 2006; Mosconi and McHugh
2015). Superior adherence to the Mediterranean diet has been reported to not only
reduce the risk of Alzheimer’s disease but also for stroke, depression, and other
neurodegenerative diseases (Sofi et al. 2010; Psaltopoulou et al. 2013). The body of
evidence confirmed that a Mediterranean diet which includes a higher intake of
MUFA, ω-3 polyunsaturated fatty acids, high levels of antioxidants from fruit and
vegetables, fish, and low-to-moderate alcohol consumption might be protective
against Alzheimer’s disease (Panza et al. 2009, 2014; Barberger-Gateau et al.
2007; Huang et al. 2005; Morris et al. 2003). The role of nutrients in these foods
in Alzheimer’s disease is explained in the previous section.

3.4.2.4 DASH Diet

The Dietary Approaches to Stop Hypertension, commonly known as the DASH diet,
is characterized by high consumption of whole grains, fruits and vegetables, fish,
poultry, low-fat milk products, and nuts; while limiting the intake of sodium, red
meat, sweets, desserts, and sweetened beverages (Hankey 2012; Panza et al. 2014).
DASH diet is generally recommended for the therapeutic requirement of people
suffering from hypertension. But since hypertension is associated with increased risk
for Alzheimer’s disease, it is plausible that the DASH diet could reduce the risk of
Alzheimer’s disease. Studies reported a higher correlation between the DASH diet
with greater cognitive improvements (Smith et al. 2010) and lower dementia inci-
dence risk (Norton et al. 2012).

Epidemiological studies indicated a beneficial effect of adherence to certain
healthy dietary patterns such as the Mediterranean diet or DASH diet on slower
cognitive decline and lower risk of developing dementia, including Alzheimer’s
disease (Scarmeas et al. 2006; Tangney et al. 2014; Smith et al. 2010). This evidence
showed that diets and dietary patterns have a significant association with the risk for
Alzheimer’s disease. Therefore, a healthy diet should be one of the most important
interventions for the prevention or management of Alzheimer’s disease.
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3.5 General Dietary and Lifestyle Approaches
for Prevention and Management of Alzheimer’s Disease

The role and importance of different nutrients, food components, diet, and dietary
patterns have been explained in the previous sections. Based on all this information,
in this section, a few general dietary and lifestyle approaches are discussed which
can be taken into consideration for the prevention and management of Alzheimer’s
disease. Although it must be noted that the conditions or degree of the disease might
vary from individual to individual; and therefore, one must be careful while making
any changes in the diet or before taking any supplements. Any change must be done
under the direction of a physician and dietitian after taking suggested biochemical or
clinical tests to understand the changes in different biochemical parameters and their
correlation with comorbidities.

1. Overweight or obesity is associated with a decline in cognitive ability, brain
atrophy, white matter changes, and disturbances of blood–brain barrier integrity.
It is also associated with a higher risk of Alzheimer’s disease and other demen-
tias in late life, although conflicting results have also been reported (Gustafson
et al. 2015). However, maintaining a healthy weight or BMI is always advisable
for all individuals across all populations.

2. Epidemiological studies have revealed a negative relationship between caloric
intake and the risk of Alzheimer’s disease (Luchsinger et al. 2002; Mattson et al.
2002). Animal studies confirmed that restricting caloric intake about 30–40%
from normal levels can markedly slow the pathogenesis of Alzheimer’s disease
(Halagappa et al. 2007). Thus, a calorific restriction may reduce the risk of
Alzheimer’s disease occurrence or progression.

3. The contribution of different food processing and cooking methods is often
poorly considered. Food processing, cooking, and storing methods can often
contribute not only to the degradation of heat-labile micronutrients, such as
folates, vitamin C, and thiamine but also can lead to the formation of toxins.
High temperatures, mostly for long duration while food processing and cooking,
bring about different biochemical reactions and the formation of a toxic second-
ary substance called Advanced Glycation End-products (AGEs). AGEs are also
continuously formed in the body as a part of normal metabolism under hyper-
glycemic and oxidative stress conditions. Receptors of AGE (RAGE) were
found to act as a cell surface receptor for Aβ and promote the circulation of
Aβ across the brain. Also, RAGE plays a role in the pathogenesis of many
chronic diseases, such as diabetes, hypertension, cardiovascular diseases, which
are identified as risk factors for Alzheimer’s disease, indicating that it might be
ultimately leading to Alzheimer’s disease etiology (Abate et al. 2017). There-
fore, it is advised to cook food at a low temperature, preferably by boiling,
steaming, or poaching.

4. Intake of food rich in saturated or trans fats should be minimized. Saturated fat is
primarily found in dairy products, meats, and certain fats and oils (lard, butter,
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margarine, coconut, and palm oils). Trans fats, often labeled as “partially
hydrogenated oils,” are found in many snacks and fried foods, which are listed
on the nutrition label of the food package.

5. More of MUFA and ω-3 PUFA should be included in the diet. Dietary sources
of MUFA and ω-3 PUFA are mentioned in Table 3.1.

6. The inclusion of vegetables and fruits should be given more importance as they
are rich in nutrients like antioxidants, vitamins, and polyphenols which play an
important role in Alzheimer’s and have shown to prevent or slow the develop-
ment of Alzheimer’s disease.

7. Nutrients such as vitamins, antioxidants, polyphenols from different food
sources should be included in the diet as they have a protective role in
Alzheimer’s disease. Studies have also proved that nutrients like vitamins E
should come from foods sources that are more effective than supplements. It
must be noted that vitamin B12 is found naturally only in animal foods. Thus,
vegetarians are often at risk of vitamin B12 deficiency (Madhubalaji et al. 2019),
and hence they must pay more attention to prevent such deficiencies. Different
nutrients which play a role in Alzheimer’s disease and their sources are men-
tioned in Table 3.1.

Table 3.1 List of nutrients showing protective effect in Alzheimer’s disease and their dietary
sources

Nutrients Dietary sources

MUFA Olive oil, groundnut oil, canola oil, sunflower oil, sesame oil; almonds, cashews,
pistachios, and hazelnuts

ω-3 PUFA Fish like salmon, mackerel, sardines, herring; chia seeds, flax seeds, soybean, and
walnut

Vitamin E Almonds, soybean, safflower, sunflower seeds, vegetable oils, margarine, fatty fish
(e.g., sardines, salmon, herring, swordfish, and trout), whole grain cereals, egg
yolk, green leafy vegetables like spinach; mangoes, papayas, avocadoes, apples,
tomatoes, and red capsicum

Vitamin D Fish (especially fatty fish) and fish liver, full-fat dairy products (or fortified
low-fat), egg yolk, meat, and meat products

Vitamin A Yellow or orange vegetables (sweet potatoes, carrots, and pumpkins), dark leafy
vegetables (spinach, broccoli, and endives), and yellow or orange fruits (apricots,
peaches, mangoes, and melons)

Vitamin C Fruits like berries, citrus fruits, kiwis, litchi, and papayas; vegetables like Brussels
sprouts, cauliflowers, cabbages, sweet peppers, and tomatoes

Vitamin B6 Fish, meat, chicken liver, drumstick leaves, sunflower seeds, safflower seeds,
walnut, soybean, tofu, carrot, egg, and spinach

Folate Dark green leafy vegetables like spinach, lettuce, kale, broccoli, cauliflower, beets,
asparagus, beans, peas, capsicum, cantaloupe, avocado, lentils, rajma, and citrus
fruits

Vitamin B12 Meat, fish, poultry, milk, spirulina

Polyphenols Fruits (mainly citrus fruits, bananas, and berries), vegetables (parsley and onions),
tea (black and brewed), spice like turmeric
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8. A lower incidence of cognitive impairment and vascular dementia has been
reported in individuals who consumed milk every day. Hence, it is advised to
drink a glass of milk every day to prevent the risk of Alzheimer’s disease.

9. Studies have shown that brisk walking for 40 min three times per week reduces
brain degeneration and enhances memory and other cognitive functions (Hotting
and Roder 2013). Individuals exercising regularly are at low risk of developing
Alzheimer’s disease and also exercising in midlife was found to prevent devel-
oping dementia at old age (Barnard et al. 2014). Furthermore, low physical
activity has long been associated with the risk of Alzheimer’s disease (Mosconi
and McHugh 2015; Barnard et al. 2014; Sindi et al. 2015). Thus, moderate
regular exercise of about 40 min each day for at least three times a week is
highly recommended.

10. Several studies have suggested that individuals who are more mentally active
have reduced risk for cognitive deficits later in life (Curlik and Shors 2013;
Hotting and Roder 2013; Barnard et al. 2014). Therefore, regular mental activity
that promotes new learning should be followed for about 30 min per day, four to
five times per week.

11. Cognitive impairment in older adults has been associated with sleep distur-
bances (Blackwell et al. 2011; Lim et al. 2013). Thus maintaining a sleep routine
of approximately 7–8 h for most individuals is advised.

12. Consumption of alcohol has been reported to reduce the risk of Alzheimer’s
disease, but only when taken in a low-to-moderate level. However, one must
remember that indulging in heavy drinking and smoking will lead to cognitive
decline and early onset of Alzheimer’s disease.

3.6 Perspective

A growing number of epidemiological studies have indicated that nutrition and diet
play a major role in the prevention, development, and management of Alzheimer’s
disease. It also suggests that nutrition is an important modifiable risk factor for
cognitive dysfunction and Alzheimer’s. The existing evidence suggests that certain
nutrients like unsaturated fatty acids, particularly MUFA, ω-3 PUFA; vitamins,
particularly vitamin E, vitamin D, vitamin C, folate; polyphenols have a potential
role in improving cognitive function or in Alzheimer’s disease. Superior adherence
to a healthy diet which includes higher consumption of more vegetables and fruits,
fish, whole grains, unsaturated fats, and a lower intake of saturated fats, processed
foods like in Mediterranean diet and DASH diet have shown beneficial effects for
Alzheimer’s disease prevention and management. However, sufficient information
is not available to recommend daily allowance for specific nutrients required for
individuals with Alzheimer’s disease or its prevention. Hence, more dose-dependent
studies are required to establish the same. There are also some contradictory studies
available for the role of minerals such as selenium, copper, aluminum, iron.
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Therefore, evaluation and validity of the interventional trials must be done, which
also create an opportunity for more research in this field.
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