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Abstract: Alzheimer’s disease (AD) is the most common form of dementia, and it generally 

affects the elderly. It has been suggested that diet is an intensively modifiable lifestyle factor 

that might reduce the risk of AD. Because epidemiological studies generally report the potential 

neuronal protective effects of various micronutrients, the aim of this study was to perform a 

literature review on the major nutrients that are related to AD, including selenium, vitamins C 

and E, transition metals, vitamin D, B-complex vitamins, and omega-3 fatty acids.
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Introduction
Population aging is a worldwide phenomenon that results in changes in health pro-

files, including an increase in the predominance of chronic diseases. In addition, the 

prevalence of dementia is increasing; according to Ferri et al,1 4.6 million new cases 

arise every year, and if new prevention strategies are not implemented, the number of 

affected people will exceed 81 million by the year 2040.

Alzheimer’s disease (AD) is the main cause of dementia in the elderly. The disease 

is clinically characterized by progressive and irreversible cognitive deficits and behav-

ioral alterations that affect memory and learning ability, activities of daily living, and 

quality of life. The major risk factor for the development of AD is aging, although some 

genetic risk factors are also known. Approximately 1% of people aged 65–69 years, 

3% of people aged 70–74 years, 6% of people aged 75–79 years, 12% of people aged 

80–84 years, and 25% of people aged 85 and over will develop AD.2 Cerebrovascular 

disease and a history of diabetes, hypertension, smoking, obesity, and elevated lipid 

levels have been found to increase the risk of AD. A healthy lifestyle is associated 

with lower rates of dementia; higher education, mentally stimulating activities, and 

involvement in mental, social, and productive activities play important roles as well.3,4 

Because pharmacological treatments for AD are limited, there is a growing interest in 

understanding how diet could mitigate the risk and progression of AD. Associations 

between diet and cognitive decline are strongly suggested in numerous epidemiologi-

cal studies and interventional trials, although it is difficult to establish whether diet is 

a primary factor. However, among modifiable risk factors, nutrition seems to be the 

most important factor because nutritional status might alter other risk factors.5

AD patients usually have insufficient levels of specific nutrients, and low intake 

of these nutrients is associated with an increased risk of developing AD. However, 

AD is associated with progressive changes in eating behaviors. The mesial temporal 
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cortex, which is involved in memory and food intake control, 

is affected by dementia. Disturbances affecting this region 

involve serotonin, dopamine, and epinephrine neurotransmis-

sion, which in turn are involved in eating behavior regulation 

and could result in appetite loss and refusal to eat, decreasing 

food intake.6,7

Epidemiological studies generally report the poten-

tial neuronal protective effects of various micronutrients, 

including B-complex vitamins, antioxidants, vitamin D, and 

polyunsaturated fatty acids. These nutrients are related to the 

stimulation of neural plasticity and to the reduction in ongo-

ing neurodegenerative processes; they also show an ability 

to reduce the pathological burden in the brain.8,9 Therefore, 

the objective of this study was to perform a literature review 

on the major nutrients that are related to AD, focusing on the 

importance of their deficiencies in AD progression and on 

strategies for prevention and/or treatment of AD. This work 

addresses the main aspects concerning antioxidants, includ-

ing selenium (Se) and vitamins C and E; transition metals 

such as zinc (Zn), iron (Fe) and copper (Cu); vitamin D; 

B-complex vitamins; and omega-3 fatty acids.

Antioxidants
Oxidative stress plays a central role in the initiation and 

progression of AD. The brain is particularly vulnerable to 

oxidative damage because of its elevated oxygen utilization 

rate; high content of polyunsaturated lipids that are suscep-

tible to lipid peroxidation; accumulation of transition metals 

such as Fe, Cu, and Zn, which are capable of catalyzing the 

formation of reactive oxygen species (ROS); and relatively 

poor concentrations of antioxidants.10–12 Moreover, the aging 

process implies morphological and physiological changes in 

the brain, resulting in higher ROS production and a decrease 

in antioxidant capacity.12,13

Amyloid beta-protein (Aβ) is the major amyloid protein 

in AD. This protein inhibits the electron transport chain in 

mitochondria, decreases the respiratory rate, induces the 

release of ROS and might also cause neurotoxicity through 

the direct production of ROS by its interaction with transition 

metals and lipid membranes.14

To combat the cytotoxic activities of ROS, cells are 

equipped with a variety of antioxidant defenses, including 

antioxidant enzymes such as catalase and glutathione peroxi-

dase, as well as free-radical-scavenging chemicals such as 

ascorbate and vitamin E. Antioxidants can act by minimizing 

or even removing oxidants such as ROS and metal ions, or by 

interfering with the oxidation chain reactions and optimizing 

the cell’s own antioxidant defenses.15

Selenium
Se is an important trace element for the body, and its essential 

nature is due to the necessity of selenocysteine incorporation 

in some selenoproteins. Among Se functions, its antioxidant 

role, played through selenoprotein P (SePP) and the enzymes 

glutathione peroxidase (GPx) and thioredoxin reductase, has 

been emphasized in previous studies.16

Studies that evaluate the relationship between Se levels 

and cognitive decline suggest that a lack of Se might increase 

the risk of dementia;17,18 however, the results of various stud-

ies are contradictory. Cardoso et al19 and Vural et al20 verified 

that AD patients had lower Se levels than healthy elderly 

people, whereas Ceballos-Picot et al21 found an increase in 

plasma Se levels in AD patients compared to a control group. 

Moreover, Smorgon et al,22 when evaluating the association 

between trace elements and cognitive function decline in 

different groups, found a direct correlation between the 

plasma Se concentration and cognitive function. Compared 

to the control group, AD patients showed reduced Se plasma 

concentrations.

From an animal model, it has been observed that the 

Se supply to the brain depends on SePP. SePP is the major 

Se transporter and is responsible for up to 60% of the total 

serum Se concentration. The role of SePP as a transporter is 

related to its capacity to link to ten selenocysteine residues 

and to its extracellular location. Thus, Se enters the brain 

through an interaction between SePP and a receptor, after 

which time it is released intracellularly for the synthesis of 

selenoproteins.23,24

It is believed that SePP synthesis occurs in the brain; 

SePP is then secreted into the cerebrospinal liquid, where it 

associates with neuronal cells or remains available for other 

tissues, acting as a selenium supply. Biosynthesis, cellular 

storage, and reuptake of SePP originates the “SePP cycle.” 

This process is consistent with the fact that SePP activity and 

expression are maintained in the brain even in situations of 

organic depletion once the Se status in the brain is not depen-

dent on body Se levels. SePP also plays an antioxidant role, as 

it has the ability to reduce phospholipid hydroperoxides and 

to inhibit the oxidation of low-density lipoproteins.23,24

Lu et al25 and Miller et al26 suggest that SePP levels tend 

to increase in aging and in AD patients. Bellinger et al27 iden-

tified the presence of SePP aggregated to amyloid plaques 

and to neurofibrillary tangles, raising two hypotheses: SePP 

might act in a direct way as an antioxidant, or in an indirect 

way by transporting Se for the synthesis of other antioxidant 

selenoproteins. Accordingly, Takemoto et al28 observed in 

vitro that neuronal cells that were exposed to the oxidant 
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effects of amyloid plaques were protected in the presence 

of SePP.

GPx constitutes a selenium-dependent five-enzyme 

family. These enzymes are expressed in neurons and glia cells, 

and their main function is the elimination of peroxides.23,29 

GPx are involved in a sequence of reactions that aim to reduce 

hydrogen peroxides and organic hydroperoxides.30,31 These 

enzymes obtain electrons via glutathione, but differ from 

each other regarding their specificity to different substrates 

of hydroperoxides and their tissue distributions.32

Some studies suggest that cognitive decline is associ-

ated with a decrease in GPx activity. Cardoso et al19 and 

Vural et al20 observed lower activity of this enzyme fam-

ily in AD patients compared to healthy individuals, while 

Parudariu et al33 verified that dementia patients and patients 

with mild cognitive decline presented lower GPx1 activity.

Beef, chicken, fish, eggs, and wheat are considered good 

sources of Se. However, the amounts of Se in such foods 

reflect its concentration in the soil, so the same kind of food 

could present different Se concentrations depending on its 

origin.34,35 The Brazil nut ranks as the best Se source due to 

its high concentration; the levels of Se in Brazil nuts vary 

from 8 µg/g to 83 µg/g, and Se is highly bioavailable in this 

food.35

Thomson et al35 achieved an improvement in Se status in 

healthy individuals after supplementing them with two Brazil 

nuts daily for 12 weeks. Other studies have verified that the 

daily ingestion of one Brazil nut was effective in restoring 

Se status in dialysis patients, severely obese women, and 

the elderly.36–38

Brazil nut consumption may also be effective in improving 

Se status in patients with AD, and this improvement could be 

an important therapeutic target regarding the maintenance of 

these patients’ cognitive functions. Depending on the region 

where the nuts were grown, it is safe to recommend the intake 

of one to two nuts daily for the purpose of reaching adequate 

blood Se levels, unless the patient presents allergies.

Vitamins C and E
Vitamin E (tocopherols and tocotrienols) is the major mem-

brane-bound fat-soluble antioxidant, and vitamin C (ascorbic 

acid) is an important water-soluble antioxidant that protects 

low-density lipoproteins from oxidation.39 These vitamins act 

synergistically because oxidized α-tocopherol is reduced by 

ascorbate, leading to its regeneration.40

In vitro studies suggest that antioxidants, including 

 vitamins C and E, may prevent hyperphosphorylated tau 

protein dysfunction. Additionally, vitamin E has been related 

to a reduced rate of neuronal death induced by Aβ protein in 

cultures of hippocampal and cortical cells.41

Studies have shown that vitamin E intake tends to be 

lower in AD patients,42,43 and the association between dietary 

vitamins C and E and dementia risk have yielded inconsistent 

results based on short-term and long-term follow-up periods. 

Morris et al44 and Devore et al45 associated a higher intake 

of vitamin E but not vitamin C with a lower long-term risk 

of dementia over a mean follow-up period of 2 years and 

9.6 years, respectively. Luchsinger and Mayeux46 found no 

relationship between the intake of vitamins C and E from 

food or supplements and the risk of developing AD during 

4 years of follow-up time. In a cross-sectional study, Gu et al9 

evaluated the association between nutrient intake and plasma 

Aβ levels in a cognitively healthy elderly population. Their 

data suggest that vitamins such as C, E, D, B12, and folic 

acid might have no association with Aβ-related mechanisms 

because the intake of these vitamins did not affect plasma Aβ 

levels. However, data from the Cache County Study have 

shown that the combined use of vitamin E and C supplements 

was associated with a reduced occurrence of AD. Interestingly, 

there was no reduction in AD risk with isolated vitamin E or C 

intake or with multivitamins, which may be justified by the 

dependence between these vitamins in scavenging ROS.47 

These observations were different from those reported in the 

Adult Changes in Thought study, which showed no effect of 

the supplemental use of vitamins E or C on reducing the risk 

of dementia or AD for over 5 years of follow-up time.48

According to Brewer,49 the controversial results found 

in various studies could be justified by incorrect dosage and 

timing, unbalanced monotherapy, or incorrect targets. The 

dosage should be evaluated to obtain a decreased plasma 

oxidative redox potential, and it is essential to associate 

water-soluble electron acceptors with vitamin E therapy 

to improve systemic ROS removal. Oxidative stress is one 

mechanism that is associated with AD pathogenesis, but other 

pathways should be targeted as well. Furthermore, AD can 

probably not be reversed by supplementation therapy, so AD 

prevention should be prioritized.

Moreover, an individual’s early evaluation and the identi-

fication of prescribed medicines are fundamentally important 

to determine the presence of interactions that could interfere 

with nutrient bioavailability. The literature is not consistent 

in reporting the benefits of antioxidant supplementation 

(they do not establish a safe or effective dosage), and it is 

believed that this measure should not be recommended for the 

purpose of preventing or treating AD.50 However, the intake 

of antioxidant-rich foods should be prioritized because they 
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contain important components and phytochemical substances 

that interact with each other, potentiating their beneficial 

effects.51,52 Furthermore, because the vitamin E found in 

supplements is usually synthetic and is composed of only one 

of eight natural isoforms (α-tocopherol), dietary sources of 

vitamin E should be used over supplements to provide differ-

ent combinations of tocopherol and tocotrienol forms, which 

might play an important role in preventing AD.48,53

Transition metals: zinc, iron,  
and copper
Zn is one of the most important minerals for human 

metabolism. The versatility of its physicochemical character-

istics is the basis of its vast participation in the metabolism 

of carbohydrates, proteins, lipids, and nucleic acids. Zn also 

plays an important role in polynucleotide transcription and, 

consequently, in the control of gene expression and other fun-

damental biological mechanisms. Zn contributes to normal 

growth and development, membrane integrity, antioxidant 

defenses, immunity, appetite maintenance, scarring and night 

vision.54 In a study involving the human genome database, 

it was estimated that approximately 10% of the human pro-

teome codes for proteins that are potentially linked to Zn.55 

In the central nervous system, Fe is required as a cofactor 

for oxidative phosphorylation, neurotransmitter production, 

nitric oxide metabolism, and oxygen transport, and Cu is an 

essential cofactor for neurotransmitter synthesis and plays 

an important role in neuroprotection via the cytosolic Cu/Zn 

superoxide dismutase.56

The brain controls the homeostasis of these metals as 

part of its physiology because those ions play important 

roles in neuronal activities. However, it is believed that 

alterations in metal metabolism at the cerebral level may be 

associated with AD. Those alterations probably participate 

in cascades of pathogenic events, which eventually cause 

clinical symptoms.56 In cultured neurons, metals seem to 

mediate Aβ toxicity through the modulation of oxidative 

stress caused by that protein. Aβ has a strong affinity for Cu2+, 

Zn2+, and Fe3+, and is able to reduce Cu2+ to Cu+ and Fe3+ to 

Fe2+, producing free radicals that increase Aβ toxicity.57

High levels of Cu can be found in the senile plaques of 

AD patients, and studies have shown that this metal mediates 

Aβ aggregation and increases this protein’s oxidant capacity 

in an electron transfer reaction that reduces Cu2+ to Cu+.58,59 

The Aβ precursor protein (APP) also has a high affinity for 

Cu2+, and higher Cu levels promote an increase in intracel-

lular APP, which leads researchers to speculate that APP 

could act as a Cu transporter.60 The involvement of Fe in the 

formation of senile plaques resembles that of Cu. Finefrock 

et al57 and Bolognin et al61 showed that in its free form, this 

mineral is capable of triggering Aβ aggregation, enhancing 

its neurotoxicity.

Researchers suggest that a change could occur in the 

transport and turnover of Cu in the presence of AD, which 

promotes an altered distribution of the metal among the vari-

ous compartments and an accumulation in the central nervous 

system. Some studies have shown that the levels of free Cu 

(not bound to ceruloplasmin) are increased in the blood of AD 

patients and are negatively correlated with cognitive function, 

although the level of total Cu is not necessarily altered.62–64 

Cu can be found in an organic form (bound to proteins) and 

in an inorganic form (as an unbound salt). These two forms 

differ regarding their sources, with the organic form found 

in foods, and the inorganic form found in water from Cu 

pipes and in most supplements. Regarding metabolism, the 

organic form is naturally and safely processed by the liver, 

and the inorganic form at least partially bypasses the liver 

and contributes immediately to the free Cu pool; it is also 

able to cross the blood–brain barrier easily.64,65 Thus, it is 

believed that the use of Cu piping could be a public health 

issue due to its relationship with a loss of cognitive function 

and worsening of AD.

Studies have shown that free extracellular Zn might 

increase Aβ adhesivity, interfering with its catabolism and 

inducing its deposition through structural destabilization and 

transformation.66–69 This action is related to the involvement 

of Zn in the synthesis and processing of APP. The synthesis 

of this protein is regulated by Zn-containing transcription 

factors.70 Processing by the nonamyloidogenic pathway, which 

is catalyzed by one alpha-secretase and results in the formation 

of soluble APP, a neurotrophic factor,71 may be influenced by 

Zn because APP presents a binding site for this metal at the 

position where alpha-secretase catalyzes the processing of 

APP. It has recently been proposed that Aβ deposits promote 

Zn sequestration in vulnerable extraneuronal regions that are 

important for memory. This process depletes intraneuronal Zn 

concentrations and promotes microtubule destabilization via 

the reduction of electrostatic interactions or aberrant ligation 

between tubulin, as well as the formation of neurofibrillary 

tangles with consequent neuronal degeneration.72

Despite the attention paid to Zn in AD, the role of food 

modification regarding this nutrient in the reduction of 

disease advancement is poorly understood. Although they 

did not find conclusive evidence that could guide dietary Zn 

modifications to reduce the risk of AD, Loef et al73 claim, in 

a systematic review, that reduced Zn concentrations in AD 
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patients might be related to disease risk. They suggest that 

a greater emphasis should be placed on an adequate supply 

of Zn to the elderly, either through increased consumption 

of Zn-containing food sources such as seafood, meat, nuts, 

and whole grains, or through supplementation in situations 

where food intake is insufficient, which is widely observed 

among AD patients. Before introducing Zn supplementation, 

a biochemical evaluation of Zn status is recommended. There 

is no consensus regarding the best biomarker for this analysis; 

however, plasma is a good option to verify a patient’s Zn 

status. Once a deficiency is identified, Zn supplementation 

can be safely performed in the amounts recommended by the 

Institute of Medicine,74 taking into account data from Lowe 

et al,75 which show that every doubling of Zn intake leads to 

a 6% difference in the Zn serum or plasma concentration.

Vitamin D
Currently, vitamin D deficiency is widespread and prevalent 

in all population groups, with approximately 1 billion people 

classified as deficient (,20 ng/mL) or with insufficient 

concentrations of 25-hydroxyvitamin D (,30 ng/mL). It 

should be noted that a large proportion of the senile popula-

tion suffers from this deficiency.76,77 In addition to rickets, 

vitamin D deficiency is a risk factor for bone disorders such 

as osteopenia, osteomalacia, and osteoporosis, which implies 

a greater risk of fractures in different age groups.78,79

More recently, with the advancement of molecular meth-

odologies, it has been observed that vitamin D might be 

metabolized in several other tissues, including the pancreas, 

prostate, breast, colon, kidneys, and macrophages, in addi-

tion to those previously known and implied in the control of 

bone homeostasis. Therefore, this vitamin deficiency could 

be related to other pathophysiological processes that are 

extremely relevant to public health.76

Given the simultaneous prevalence of vitamin D and 

dementia in the elderly population, there has been a search 

for clarification about the possible role of this nutrient in 

the etiology of such diseases.80 In addition to the afore-

mentioned tissues, it has been reported that vitamin D 

presents a high binding affinity in several brain regions, 

including neurons, glial cells, macrophages, spinal cord, 

and the peripheral nervous system.81 The identification of 

vitamin D receptor expression and of 1-α-hydroxylase – the 

enzyme responsible for vitamin activation – in the human 

brain corroborates the importance of the vitamin as a neu-

roactive hormone with autocrine and paracrine functions, 

as well as the possibility of therapies for alterations that 

affect the brain.82

Cross-sectional and longitudinal studies of the associa-

tion between hypovitaminosis D and low dietary consump-

tion of this nutrient have demonstrated important results 

regarding the cognitive performance of the elderly. With 

regard to vitamin D deficiency, Annweiler et al83 verified that 

this deficiency, indicated by serum concentrations lower than 

10 ng/mL, was associated with a worse cognitive decline 

profile in a cohort of French women aged 75 years or older 

when compared to women with a normal vitamin status 

(serum concentration higher than 10 ng/mL) and comparable 

age. The results remained the same after adjusting for sev-

eral confounding variables. On the other hand, Slinin et al84 

found only a tendency toward an independent association 

between low serum concentrations of vitamin D (less than 

20 ng/mL) and a risk of cognitive decline in a population of 

over 1600 North American men aged 65 years or older after 

a mean follow-up period of 4.6 years, but only when indi-

viduals were evaluated with a Modified Mini-Mental State 

Examination. Another cross-sectional study performed by 

Llewellyn et al85 demonstrated that Italian individuals aged 

65 years or older with vitamin D serum concentrations below 

10 ng/mL and followed for 6 years presented a substantial 

relative risk of cognitive decline of 1.61 after adjusting for 

several variables (95% confidence interval [CI], 1.19–2.01; 

P = 0.02) compared to those with sufficient vitamin D serum 

concentrations ($30 ng/mL) when the subjects were evalu-

ated through the Mini Mental State Exam, and a relative risk 

of 1.32 (95% CI, 1.03–1.51; P = 0.05) when the subjects 

were evaluated through Trail-Making Test B. Breitling et al86 

verified that the cognitive performance (assessed through 

the Cognitive Telephone Screening Instrument) of a German 

elderly population that was followed for 5 years and adjusted 

for important confounding variables (age, educational level, 

body mass index, and season of the year) was significantly 

lower in women in the lowest quartile of vitamin D serum 

concentrations (odds ratio [OR]: 2.1, 95% CI, 0.4–3.9; 

P = 0.018); very similar results were found for the men in 

the population.

However, with regard to dietary vitamin D intake, a cross-

sectional study with more than 5000 French elderly women 

verified that those women with inadequate weekly vitamin D 

dietary ingestion (,35 µg/week) presented a significantly 

decreased cognitive performance compared to those women 

with adequate dietary ingestion ($35 µg/week) (OR = 1.30, 

95% CI = 1.04–1.63, P = 0.024) after adjusting for several 

confounding factors.87

Studies have speculated about two possible directions 

of the relationship between vitamin D concentration and 
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cognition. Despite the uncertainty about the causality of this 

association, it is suggested that cognitive function impairment 

promotes low vitamin dietary ingestion and/or impairs the 

individual’s exposure to the sun, which would result in low 

vitamin serum concentrations. Nevertheless, given the results 

of these studies, it could be suggested that the association of 

hypovitaminosis D with diseases that promote alterations in 

cognitive performance, including AD, could be understood 

as a causal relationship in which vitamin D plays a neuro-

protective role.77

In a review of several studies, Kalueff and Tuohimaa81 

indicate that vitamin D neuroprotective functions are related 

to factors such as a reduction in calcium toxicity, modulation 

of glutathione metabolism, direct antioxidant effects, reduc-

tion in nitric oxide synthesis, induction of neurotrophins and 

neuritogenesis, modulation of cytokine release, anti-ischemic 

actions, and neuronal protection against hormone-induced 

cell death. It has also been described that vitamin D stimu-

lates clearance and Aβ phagocytosis by macrophages of AD 

patients and protects these immune cells against apoptosis by 

regulating both nongenomic (extranuclear protein functions) 

and genomic (gene expression) signaling.88,89 Attention has 

also been given to the actions of the klotho protein, which 

seems to regulate vitamin D concentrations in addition to 

interacting with this vitamin in the regulation of cerebral 

functions and the aging process.81

The results of studies aiming to evaluate the effects 

of vitamin D on cognition are controversial.90,91 There 

have been discussions about the methods used to evaluate 

cognition, the intervention time and, mainly, the dose 

and form of vitamin D used because the literature clearly 

shows that vitamin D3 (cholecalciferol) is more bioavailable 

than vitamin D2 (ergocalciferol).91 Vitamin D supplementation 

is advised to increase the levels of this vitamin and to 

maintain the 25-hydroxyvitamin D concentration between 

30 ng/mL and 80 ng/mL.92 Studies show an increase in 

serum 25-hydroxyvitamin D concentration from 0.64 ng/mL 

to 0.79 ng/mL (1.6 to 1.97 nmol/L) per microgram of daily 

vitamin D3 intake. This information is important to guide 

the recommended supplementation, and from these data, it 

is suggested that vitamin D supplementation for the elderly 

with AD is preferably performed at doses between 800 IU 

and 4000 IU, which is the upper level set by the Institute 

of Medicine.93 The consumption of supraphysiological 

doses does not promote a significant impact on overall 

cognitive performance.77 There seems to be no benefit of 

exaggerated consumption of vitamin D supplements on 

cognitive  performance, and the idea that hypercalcemia 

induced by excessive vitamin D intake could increase the risk 

of dementia should also be taken into consideration.

B-complex vitamins
Among B-complex vitamins, niacin, thiamin, and vitamin B12 

present well established relationships with the deterioration 

of mental status because all three vitamins are related to 

neurological syndromes.94

Regarding vitamin B12 deficiency, 40% of patients 

develop neuropsychiatric syndromes, which are characterized 

by progressive and variable spinal cord, peripheral nerve, and 

brain damage. Initial sensory impairments occur, such as 

distal and symmetric paresthesia of the lower limbs, which 

are often associated with ataxia.95 This deficiency is even 

more important in the elderly, who are more susceptible due 

to factors such as poor vitamin absorption from foods (chiefly 

due to gastric atrophy) and pernicious anemia, which is an 

autoimmune disease that is characterized by the destruction 

of the gastric mucosa. The elderly frequently suffer from 

this hypovitaminosis, and institutionalized and sick elderly 

patients can present a prevalence of 30%–40%, depending 

on the considered reference values and biomarkers.96

Two important neurological alterations, Wernicke–

Korsakoff syndrome and pellagra, are associated with thiamine 

and niacin deficiency, respectively. The first promotes damage 

to the central and peripheral nervous systems, with sight and 

muscular coordination problems, and subsequent memory loss, 

confabulations, and hallucinations. Pellagra is characterized 

by dementia, diarrhea, and dermatitis symptoms, in addition to 

alterations in the central nervous system, such as neurasthenia 

and psychosis symptoms including disorientation, memory 

loss, and confusion.97

Although folic acid is not directly related to neurological 

disease, there is strong interest in this compound, as well as 

in vitamin B12, regarding dementia due to the fact that both 

nutrients are cofactors in homocysteine metabolism. Folic 

acid deficiency could reduce the concentration of acetyl-

choline (a deficient neurotransmitter in AD), or it could be 

related to a higher oxidative stress level.94

Prospective observational studies have shown that 

homocysteine total plasma concentrations show a strong 

relationship to the risk of dementia and AD, and an increase 

of 5 µmol/L in the homocysteine concentration increases the 

risk of AD by 40%, even after adjusting for variables such as 

age, gender, apolipoprotein E (ApoE) genotype and serum 

folate, vitamin B6, and vitamin B12 concentrations.98

One study showed that in Italian individuals (4 years 

of follow-up), high homocysteine plasma concentrations 
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and reduced folic acid serum concentrations are indepen-

dent predictors of dementia and AD. In individuals with 

hyperhomocysteinemia, the risk of developing dementia 

was 2.08 (95% CI 1.31–3.30, P = 0.002), and the risk of 

developing AD was 2.11 (95% CI 1.19–3.76, P = 0.011). 

Regarding serum folate levels, the risk of dementia and AD 

were 1.87 (95% CI 1.21–2.89, P = 0.005) and 1.98 (95% 

CI 1.15–3.40, P = 0.014), respectively, in individuals with 

reduced values.99

Cognitive performance has been related to homocysteine 

total plasma concentrations. Elias et al100 verified a significant 

inverse association between homocysteine levels and multiple 

cognitive abilities, such as abstract reasoning; new verbal 

learning and memory; verbal and visual memory; concentra-

tion, scanning, tracking, and executive performance; visual 

organization; and object naming and language, in individuals 

aged 60 or older but not in younger individuals.

High homocysteine concentrations are strongly associ-

ated with worse neurobehavioral performance in an analysis 

of more than 1000 patients aged between 50–70 years. On 

average, an increase in homocysteine levels from the 25th 

percentile to the 75th percentile was associated with neu-

robehavioral tests compatible with an increase in age of 

4.2 years.101 On the other hand, there have been reports that 

high homocysteine levels are not associated with AD and 

cognitive decline.102

Despite a number of relevant results, Morris et al94 claim 

that the evidence related to associations of B-complex vita-

mins (mainly folate) with parameters of cognitive decline are 

weak, due chiefly to study limitations. However, the evidence 

related to homocysteine concentrations seem to be stronger, 

and there has been an effort to determine the mechanism of 

action of this substance in increased dementia and AD risks, 

as well as in a reduction in cognitive decline. It is speculated 

that cellular and vascular pathways are involved. Elevated 

total homocysteine levels are considered alteration mark-

ers in the one-carbon cycle, which is essential for adequate 

methylation in neurons. This effect occurs because homo-

cysteine works as a fundamental intermediate of methionine 

metabolism via a methylation cycle that requires vitamin B12, 

folate, and vitamin B6, and generates an activated methyl 

group in S-adenosylmethionine. S-adenosylmethionine 

works as a methyl group donor in nucleic acid, phospholipid, 

protein, myelin, and catecholamine methylation reactions. 

Other possible mechanisms of action include the accelera-

tion of aging through the shortening of telomere lengths; 

toxicity and neuronal dysfunction; calcium influx and ROS 

generation in hippocampal neurons; excitotoxic damage 

by glutamatergic N-methyl-D-aspartate receptor activation 

through homocysteic acid; protein homocysteinylation with 

consequent alterations in the function of Na+/K+/ATPase, and 

in the inhibition of its activity; and a direct interaction with 

Aβ, increasing its formation, and with Tau protein, promoting 

its hyperphosphorylation.103

Considering its role in the reduction of homocysteine 

plasma levels, it is possible that folate, vitamin B12, and 

vitamin B6 supplementation could reduce the risk of demen-

tia, allowing for healthy cerebral aging. However, some 

researchers are more cautious when addressing the possibility 

that folic acid supplementation might mask vitamin B12 defi-

ciency or exacerbate neurodegenerative decline. Some studies 

on supplementation present conflicting results. Aisen et al104 

did not find positive results regarding a reduction in cogni-

tive decline by supplementing individuals who presented 

mild to moderate AD with large amounts of B-complex 

vitamins (5 mg/day of folate, 25 mg/day of vitamin B6, and 

1 mg/day of vitamin B12) for 18 months, and they verified a 

large number of adverse effects related to depression in the 

treated group. On the other hand, Smith et al105 observed a 

significant reduction in the brain atrophy rate in elderly people 

with mild cognitive alterations who received supplementation 

with 0.8 mg/day of folic acid, 0.5 mg/day of vitamin B12, 

and 20 mg/day of vitamin B6 for 2 years.

According to Morris et al,94 considering the scarce 

scientific literature on this topic, it would be safer to avoid 

folic acid supplementation in case there is no evidence of 

a clear deficiency, in addition to a continued monitoring of 

vitamin B12 deficiency. Seshadri103 defends the need for 

thorough studies before confirming or refuting the idea that 

reductions in homocysteine concentrations (through lifestyle 

modifications or B-complex supplementation) might delay 

the beginning of cognitive performance decline or slow its 

progression. Seshadri103 also claims that the existing evidence 

about homocysteine action as a risk factor for AD seems too 

appealing to be discarded.

Omega 3
Omega-3 long-chain polyunsaturated fatty acids, including 

α-linolenic acid (ALA), eicosapentaenoic acid (EPA), and 

docosahexaenoic acid (DHA), are dietary fats that are incor-

porated into cell membranes and play a role in antiinflamma-

tory processes and in the viscosity of cell membranes. ALA 

can only be obtained from the diet, while DHA and EPA can 

be synthesized in the body by the desaturation and elongation 

of ALA.106 DHA is the most abundant lipid in the neuronal 

membrane, and EPA is involved in the modulation of mem-
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brane fluidity, synaptic plasticity, and increase in the number 

and affinity of receptors. EPA is the substrate for the produc-

tion of the antiinflammatory prostaglandin-3 and competes 

with arachidonic acid for incorporation into cell membrane 

phospholipids and for the active sites of cyclooxygenase 

enzymes.107 On the other hand, although arachidonic acid 

plays an essential role in synaptic function, when present in 

high concentrations, it acts as a second messenger in some 

processes involving apoptosis and the production of inflam-

matory substances. Thus, an imbalance between omega-3 

and omega-6 polyunsaturated fatty acids may result in an 

increased susceptibility to neuronal damage, as observed 

in AD.108–110 DHA and EPA are mainly found in foods such 

as fish oils and fatty fish, including salmon, tuna, and trout, 

whereas ALA is commonly found in vegetable oils such as 

soya, canola, and linseed oils, nuts, and in smaller quantities 

in seeds, vegetables, legumes, grains, and fruits.111

In the majority of analyzed cohorts, the results show 

that fish consumption is associated with a lower risk of AD 

development, either due to the effects of DHA or of EPA, 

or because it is considered a healthy behavioral and eating 

pattern.112

As an observational study example, Barberger-Gateau 

et al113 evaluated a cohort (n = 8085) of patients aged 

65 years or older with no dementia (The Three City Cohort 

Study). After a mean follow-up period of 3.48 years, they 

observed that weekly fish consumption presented an associa-

tion with reduced AD risk (hazard ratio [HR] = 0.65, 95% 

CI = 0.43–0.994; P = 0.047), even after adjusting for ApoE 

genotype, body mass index (BMI), and diabetes. The frequent 

consumption of fish also presented an association with a 

reduced risk of dementia development, but only in ApoE 

ε4 noncarriers, and even when adjustments for BMI and 

diabetes were performed (HR = 0.60, 95% CI = 0.40–0.90; 

P = 0.01). The regular consumption of omega-3 fatty acid 

was marginally associated with a reduced risk of dementia 

occurrence after adjusting for ApoE genotype, BMI, and 

diabetes (HR = 0.46, 95% CI = 0.19–1.11; P = 0.08), and the 

regular consumption of omega-6-rich oils, unaccompanied 

by omega-3 and fish consumption, has shown an association 

with a considerably increased risk of dementia development 

in ApoE ε4 noncarriers (HR = 2.12, 95% CI = 1.30–3.46, 

P = 0.003).

In a cross-sectional study on the association between the 

ingestion of several nutrients and Aβ40 and Aβ42 plasma 

levels in a healthy elderly population (above age 65), Gu et al9 

verified that the highest omega-3 intake level was  associated 

with lower Aβ40 and Aβ42 concentrations, even after adjust-

ing for age, gender, ethnicity, educational level, caloric intake, 

ApoE genotype, and recruiting period.

Randomized, placebo-controlled clinical trials have 

been developed to verify the effects of supplementation 

with different concentrations of DHA and EPA on cognitive 

function in patients presenting mild cognitive deficiency or 

AD to different degrees. Overall, results have been subtle or 

absent.114–118 Among other factors, such unsatisfactory results 

might be attributed to the fact that almost none of these stud-

ies consider the ApoE genotype profile and, therefore, the 

genetic susceptibility for AD development.119

Reviews of studies of transgenic animal models have 

compiled a series of beneficial results in response to omega-3 

consumption, mainly regarding synaptic alterations, Aβ accu-

mulation, Tau protein alteration, and cognitive deficits. These 

models are important for the knowledge of the mechanisms 

of actions, including the following: positive regulation of 

neurotrophic factors, inhibition of the inflammatory cascade, 

reduction in oxidative damage (especially through an increase 

in glutathione reductase activity and reduction in oxidized 

protein accumulation, lipid peroxidation, and ROS levels), 

and actions on cellular membrane properties and cellular 

signaling pathways.112,120

Given the importance of the aforementioned studies, 

Calon112 highlights relevant key points that – in addition to 

the promising results shown – have been raised and must 

be carefully evaluated to avoid premature conclusions about 

the efficiency of omega-3 consumption. In the opinion of 

Calon112 it is essential to verify whether advanced age or 

AD impairs the capacity of DHA to cross the blood–brain 

barrier and reach the brain tissues. The author also stresses 

the need to better define the therapeutic roles of DHA and 

EPA, specifying their relative contributions and their specific 

mechanisms of action. Finally, three aspects are empha-

sized: (1) the effects of omega-3 fatty acids are potentially 

related to a modification of disease potential, and for this 

reason, it is not expected that they present effects on late 

AD; (2) the consideration that AD is not a homogenous 

disease and might present itself in more than one form, 

meaning that each individual could respond differently to 

treatment; and (3) taking into account the high intragroup 

variability in the responses to a specific omega-3 fatty acid 

supplementation.

Strategies to prevent micronutrient 
deficiencies
Considering a pronounced population aging process and 

consequent increase in the prevalence of dementia, the search 
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for strategies to prevent or postpone the onset of diseases 

such as AD is necessary. Diet is an intensively modifiable 

lifestyle factor that is likely to work toward a reduction in 

the risk of developing AD. Faced with the results discussed 

in this review, it seems reasonable to affirm that individu-

als’ nutritional status must be carefully considered upon 

the occurrence of disease and throughout one’s entire life. 

Despite the necessity of additional studies, the adoption of 

healthy eating habits that allow the maintenance of blood 

levels of several micronutrients remains at the top of dietary 

recommendations.

On the other hand, it must be stressed that most studies 

have investigated nutrients in their isolated forms, and it is 

known that there is a great complexity in the human diet 

that is strongly influenced by synergy or antagonism among 

components.121 Therefore, some studies of whole foods and 

of dietary patterns have been performed. Dietary patterns 

that are predominantly composed of whole foods instead 

of refined foods, as well as the Mediterranean and Dietary 

Approaches to Stop Hypertension diets, have been associ-

ated with an improvement in cognitive performance and 

with a reduced risk of the development of mild cognitive 

impairment, of a progression from mild cognitive impair-

ment to AD, and of the onset of AD itself.122–127 On the other 

hand, some studies report a failure of these dietary patterns 

to improve cognitive performance and reduce the risk of 

AD occurrence.128,129 Therefore, there is a consensus in the 

literature that at the present time, definitive dietary recom-

mendations are not plausible. However, lifestyle changes, 

including greater consumption of fats derived from fish, 

vegetable oils, nonstarchy vegetables, and fruits with low 

glycemic indexes – in addition to reduced consumption of 

foods containing additional sugars and a moderate intake 

of alcoholic beverages – are recommended not only to 

reduce dementia risks, but also for a series of other diet-

responsive conditions.130

Furthermore, it is known that AD might relate to altered 

taste and the ability to chew and swallow, resulting in 

changes in dietary patterns, which often tend to acquire 

monotonous characteristics. As a consequence, ingested 

foods might not be sufficient to provide an individual’s 

entire nutritional need, so supplementation becomes an 

important strategy to ensure an adequate nutritional supply. 

However, it is important to evaluate the patient’s biochemi-

cal and clinical profile before starting supplementation. 

Moreover, it is suggested that the dosage used should 

comply with established recommendations to ensure 

patient safety.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Ferri CP, Prince M, Brayne C, et al; for Alzheimer’s Disease 

 International. Global prevalence of dementia: a Delphi consensus study. 
Lancet. 2005;366(9503):2112–2117.

 2. Steele M, Stuchbury G, Münch G. The molecular basis of the  prevention 
of Alzheimer’s disease through healthy nutrition. Exp Gerontol. 2007; 
42(1–2):28–36.

 3. Norton MC, Dew J, Smith H, et al; for Cache County Investigators. 
Lifestyle behavior pattern is associated with different levels of risk for 
incident dementia and Alzheimer’s disease: the Cache County Study. 
J Am Geriatr Soc. 2012;60(3):405–412.

 4. Mayeux R, Stern Y. Epidemiology of Alzheimer disease. Cold Spring 
Harb Perspect Med. 2012;2(8):pii:a006239.

 5. Van Dyk K, Sano M. The impact of nutrition on cognition in the elderly. 
Neurochem Res. 2007;32(4–5):893–904.

 6. Gillete-Guyonnet S, Nourhashemi F, Andrieu S, et al. Weight loss in 
Alzheimer disease. Clin Nutr. 2000;71(2):637S–642S.

 7. Spaccavento S, Del Prete M, Craca A, Fiore P. Influence of nutri-
tional status on cognitive, functional and neuropsychiatric deficits in 
Alzheimer’s disease. Arch Gerontol Geriatr. 2009;48(3):356–360.

 8. Vassallo N, Scerri C. Mediterranean diet and dementia of the Alzheimer 
Type. Curr Aging Sci. Epub September 27, 2012.

 9. Gu Y, Schupf N, Cosentino SA, Luchsinger JA, Scarmeas N. Nutrient 
intake and plasma β-amyloid. Neurology. 2012;78(23):1832–1840.

 10. Cui K, Luo X, Xu K, Ven Murthy MR. Role of oxidative stress in 
neurodegeneration: recent developments in assay methods for oxidative 
stress and nutraceutical antioxidants. Prog Neuropsychopharmacol Biol 
Psychiatry. 2004;28(5):771–799.

 11. Chauhan V, Chauhan A. Oxidative stress in Alzheimer’s disease. 
Pathophysiology. 2006;13(3):195–208.

 12. Zhu X, Lee H, Perry G, Smith MA. Alzheimer disease, the two-hit 
 hypothesis: an update. Biochim Biophys Acta. 2007;1772(4):494–502.

 13. Mariani E, Polidori MC, Cherubini A, Mecocci P. Oxidative stress in 
brain aging, neurodegenerative and vascular diseases: an overview. 
J Chromatogr B Analyt Technol Biomed Life Sci. 2005;827(1):65–75.

 14. Greenough MA, Camakaris J, Bush AI. Metal dyshomeostasis 
and oxidative stress in Alzheimer’s disease. Neurochem Int. 2013; 
62(5):540–555.

 15. Castro L, Freeman BA. Reactive oxygen species in human health and 
disease. Nutrition. 2001;17(2):163–165.

 16. Papp LV, Lu J, Holmgren A, Khanna KK. From selenium to 
selenoproteins: synthesis, identity, and their role in human health. 
Antioxid Redox Signal. 2007;9(7):755–806.

 17. Berr C, Balansard B, Arnaud J, Roussel AM, Alpérovitch A. Cognitive 
decline is associated with systemic oxidative stress: the EVA Study. Etude 
du Vieillissement Artériel. J Am Geriatr Soc. 2000;48(10):1285–1291.

 18. Gao S, Jin Y, Hall KS, et al. Selenium level and cognitive function in 
rural elderly Chinese. Am J Epidemiol. 2007;165(8):955–965.

 19. Cardoso BR, Ong TP, Jacob-Filho W, Jaluul O, Freitas MI, 
Cozzolino SM. Nutritional status of selenium in Alzheimer’s disease 
patients. Br J Nutr. 2010;103(6):803–806.

 20. Vural H, Demirin H, Kara Y, Eren I, Delibas N. Alterations of plasma 
magnesium, copper, zinc, iron and selenium concentrations and some 
related erythrocyte antioxidant enzyme activities in patients with 
Alzheimer’s disease. J Trace Elem Med Biol. 2010;24(3):169–173.

 21. Ceballos-Picot I, Merad-Boudia M, Nicole A, et al. Peripheral antioxi-
dant enzyme activities and selenium in elderly subjects and in dementia 
of Alzheimer’s type – place of the extracellular glutathione peroxidase. 
Free Radic Biol Med. 1996;20(4):579–587.

 22. Smorgon C, Mari E, Atti AR, et al. Trace elements and cognitive 
impairment: an elderly cohort study. Arch Gerontol Geriatr Suppl. 
2004;(9):393–402.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

539

Nutrient deficiencies in Alzheimer’s disease

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2013:8

 23. Zhang S, Rocourt C, Cheng W. Selenoproteins and the aging brain. 
Mech Ageing Dev. 2010;131(4):253–260.

 24. Fairweather-Tait SJ, Bao Y, Broadley MR, et al. Selenium in human 
health and disease. Antioxid Redox Signal. 2011;14(7):1337–1383.

 25. Lu T, Pan Y, Kao SY, et al. Gene regulation and DNA damage in the 
ageing human brain. Nature. 2004;429(6994):883–891.

 26. Miller JA, Oldham MC, Geschwind DH. A systems level analysis 
of transcriptional changes in Alzheimer’s disease and normal aging. 
J Neurosci. 2008;28(6):1410–1420.

 27. Bellinger FP, He QP, Bellinger MT, et al. Association of selenoprotein 
P with Alzheimer’s pathology in human cortex. J Alzheimers Dis. 2008; 
15(3):465–472.

 28. Takemoto AS, Berry MJ, Bellinger FP. Role of selenoprotein P in 
Alzheimer’s disease. Ethn Dis. 2010;20(1 Suppl 1):S1–S92–5.

 29. Garcia T, Esparza JL, Nogués MR, Romeu M, Domingo JL, Gómez M. 
Oxidative stress status and RNA expression in hippocampus of an ani-
mal model of Alzheimer’s disease after chronic exposure to aluminum. 
Hippocampus. 2009;20(1):218–225.

 30. Tapiero H, Townsend DM, Tew KD. The antioxidant role of sele-
nium and seleno-compounds. Biomed Pharmacother. 2003;57(3–4): 
134–144.

 31. Schuessel K, Leutner S, Cairns NJ, Müller WE, Eckert A. Impact of gen-
der on upregulation of antioxidant defence mechanisms in Alzheimer’s 
disease brain. J Neural Transm. 2004;111(9):1167–1182.

 32. Herbette S, Roeckel-Drevet P, Drevet JR. Seleno-independent 
 glutathione peroxidases. More than simple antioxidant scavengers. 
FEBS J. 2007;274(9):2163–2180.

 33. Parudariu M, Ciobica A, Hritcu L, Stoica B, Bild W, Stefanescu C. 
Changes of some oxidative stress markers in the serum of patients with 
mild cognitive impairment and Alzheimer’s disease. Neurosci Lett. 
2010;469(1):6–10.

 34. Rayman MP. Food-chain selenium and human health: emphasis on 
intake. Br J Nutr. 2008;100(2):254–268.

 35. Thomson CD, Chisholm A, McLachlan SK, Campbell JM.  Brazil nuts: 
an effective way to improve selenium status. Am J Clin Nutr. 2008; 
87(2):379–384.

 36. Stockler-Pinto MB, Mafra D, Farage NE, Boaventura GT, Cozzolino SM. 
Effect of Brazil nut supplementation on the blood levels of selenium 
and glutathione peroxidase in hemodialysis patients. Nutrition. 
2010;26(11–12):1065–1069.

 37. Behr CS. Efeito de uma dieta enriquecida com castanha-do-Brasil 
 (Bertolletia excelsa, L) no estado nutricional relativo ao selênio de 
idosos não institucionalizados [Effect of a diet enriched with Brazil 
nut (Bertolletia excelsa, L) on selenium nutritional status of non-
institutionalized elderly]. Master’s Thesis-FCF-FEA-FSP/USP. Sao 
Paulo, Brazil; 2004.

 38. Cominetti C, de Bortoli MC, Garrido AB Jr, Cozzolino SM. Brazilian 
nut consumption improves selenium status and glutathione peroxidase 
activity and reduces atherogenic risk in obese women. Nutr Res. 2012; 
32(6):403–407.

 39. Machlin LJ, Bendich A. Free radical tissue damage, protective role of 
antioxidant nutrients. FASEB J. 1987;1(6):441–445.

 40. Tappel AL. Vitamin E as the biological lipid antioxidant. Vitam Horm. 
1962;20:493–510.

 41. Boothby LA, Doering PL. Vitamin C and vitamin E for Alzheimer’s 
disease. Ann Pharmacother. 2005;39(12):2073–2080.

 42. Muñoz AM, Agudelo GM, Lopera FJ. Nutritional condition in patients 
with Alzheimer-type dementia from the neurosciences’ group, Medellín 
2004. Biomédica. 2006;26(1):113–125. Spanish.

 43. Machado J, Caram CL, Frank AA, Laks J. Nutritional status in 
Alzheimer’s disease. Rev Assoc Med Bras. 2009;55(2):188–191.

 44. Morris MC, Evans DA, Bienias JL, et al. Dietary intake of antioxidant 
nutrients and the risk of incident Alzheimer disease in a biracial com-
munity study. JAMA. 2002;287(24):3230–3237.

 45. Devore EE, Grodstein F, van Rooij FJ, et al. Dietary antioxidants and 
long-term risk of dementia. Arch Neurol. 2010;67(7):819–825.

 46. Luchsinger JA, Mayeux R. Dietary factors and Alzheimer’s disease. 
Lancet Neurol. 2004;3(10):579–587.

 47. Zandi PP, Anthony JC, Khachaturian AS, et al; for Cache County Study 
Group. Reduced risk of Alzheimer disease in users of antioxidant 
vitamin supplements: the Cache County Study. Arch Neurol. 2004; 
61(1):82–88.

 48. Gray SL, Anderson ML, Crane PK, et al. Antioxidant vitamin supple-
ment use and risk of dementia or Alzheimer’s disease in older adults. 
J Am Geriatr Soc. 2008;56(2):291–295.

 49. Brewer GJ. Why vitamin E therapy fails for treatment of Alzheimer’s 
disease. J Alzheimers Dis. 2010;19(1):27–30.

 50. Cardoso BR, Cozzolino SMF. Oxidative stress in Alzheimer’s disease: 
the role of vitamins C and E. Nutrire – Revista da Sociedade Brasileira 
de Altimentação e Nutrição. 2009;34(3):249–259.

 51. Dai Q, Borenstein AR, Wu Y, Jackson JC, Larson EB. Fruit and veg-
etable juices and Alzheimer’s disease: the Kame Project. Am J Med. 
2006;119(9):751–759.

 52. Donini LM, De Felice MR, Cannella C. Nutritional status determinants 
and cognition in the elderly. Arc Gerontol Geriatr. 2007;44 Suppl 1: 
143–153.

 53. Morris MC, Evans DA, Tangney CC, et al. Relation of the tocopherol 
forms to incident Alzheimer disease and to cognitive change. Am J Clin 
Nutr. 2005;81(2):508–514.

 54. Tudor R, Zalewski PD, Ratnaike RN. Zinc in health and chronic disease. 
J Nutr Health Aging. 2005;9(1):45–51.

 55. Andreini C, Banci L, Bertini I, Rosato A. Counting the zinc-
proteins encoded in the human genome. J Proteome Res. 2006;5(1): 
196–201.

 56. Ward RJ, Dexter DT, Crichton RR. Chelating agents for neurodegenera-
tive diseases. Curr Med Chem. 2012;19(17):2760–2772.

 57. Finefrock AE, Bush AI, Doraiswamy PM. Current status of met-
als as therapeutic targets in Alzheimer’s disease. J Am Geriatr Soc. 
2003;51(8):1143–1148.

 58. Bonda DJ, Lee HG, Blair JA, Zhu X, Perry G, Smith MA. Role of 
metal dyshomeostasis in Alzheimer disease. Metallomics. 2011;3(3): 
267–270.

 59. Frederickson CJ, Koh JY, Bush AI. The neurobiology of zinc in health 
and disease. Nat Rev Neurosci. 2005;6(6):449–452.

 60. Borchardt T, Camakaris J, Cappai R, Masters CL, Beyreuther K, 
 Multhaup G. Copper inhibits beta-amyloid production and stimulates 
the non-amyloidogenic pathway of amyloid-precursor-protein secretion. 
Biochem. J. 1999;344 Pt 2:461–467.

 61. Bolognin S, Messori L, Drago D, Gabbiani C, Cendron L, Zatta P. Alumi-
num, copper, iron and zinc differentially alter amyloid-Aβ(1–42) aggre-
gation and toxicity. Int J Biochem Cell Biol. 2011;43(6): 877–885.

 62. Squitti R, Barbati G, Rossi L, et al. Excess of nonceruloplasmin serum 
copper in AD correlates with MMSE, CSF [beta]-amyloid, and h-tau. 
Neurology. 2006;67(1):76–82.

 63. Squitti R, Bressi F, Pasqualetti P, et al. Longitudinal prognostic value 
of serum “free” copper in patients with Alzheimer disease. Neurology. 
2009;72(1):50–55.

 64. Brewer GJ, Kanzer SH, Zimmerman EA, Celmins DF,  Heckman SM, 
Dick R. Copper and ceruloplasmin abnormalities in Alzheimer’s disease. 
Am J Alzheimer’s Dis Other Demen. 2010;25(6):490–497.

 65. Brewer GJ. Copper toxicity in Alzheimer’s disease: cognitive loss 
from ingestion of inorganic copper. J Trace Elem Med Biol. 2012; 
26(2–3):89–92.

 66. Bush AI, Multhaup G, Moir RD, et al. A novel zinc(II) binding site 
modulates the function of the beta A4 amyloid protein precursor of 
Alzheimer’s disease. J Biol Chem. 1993;268(22):16109–16112.

 67. Bush AI, Pettingell WH Jr, Paradis MD, Tanzi RE. Modulation of A 
beta adhesiveness and secretase site cleavage by zinc. J Biol Chem. 
1994;269(16):12152–12158.

 68. Bush AI, Pettingell WH, Multhaup G, et al. Rapid induction of 
Alzheimer A beta amyloid formation by zinc. Science. 1994;265(5177): 
1464–1467.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

540

Cardoso et al

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging 2013:8

 69. Talmard C, Leuma Yona R, Faller P. Mechanism of zinc(II)-promoted 
amyloid formation: zinc(II) binding facilitates the transition from the 
partially alpha-helical conformer to aggregates of amyloid beta protein 
(1–28). J Biol Inorg Chem. 2009;14(3):449–455.

 70. Lovell MA. A potential role for alterations of zinc and zinc transport 
proteins in the progression of Alzheimer’s disease. J Alzheimers Dis. 
2009;16(3):471–483.

 71. Wilquet V, De Strooper B. Amyloid-beta precursor protein processing 
in neurodegeneration. Curr Opin Neurobiol. 2004;14(5):582–588.

 72. Craddock TJ, Tuszynski JA, Chopra D, et al. The zinc dyshomeostasis 
hypothesis of Alzheimer’s disease. PLoS One. 2012;7(3):e33552.

 73. Loef M, Stillfried NV, Walach H. Zinc diet and Alzheimer’s disease: 
a systematic review. Nutr Neurosci. 2012;15(5):2–12.

 74. Institute of Medicine. Dietary Reference Intakes for Vitamin A, 
 Vitamin K, Arsenic, Boron, Chromium, Copper, Iodine, Iron, 
 Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc. 
Washington, DC; 2001.

 75. Lowe NM, Medina MW, Stammers AL, et al. The relationship between 
zinc intake and serum/plasma zinc concentration in adults: a systematic 
review and dose-response meta-analysis by the EURRECA Network. 
Br J Nutr. 2012;108(11):1962–1971.

 76. Holick MF. Vitamin D deficiency. N Engl J Med. 2007;357(3): 
266–281.

 77. Holick MF, Binkley NC, Bischoff-Ferrari HA, et al. Guidelines for 
preventing and treating vitamin D deficiency and insufficiency revisited. 
J Clin Endocrinol Metab. 2012;97(4):1153–1158.

 78. Mechica JB. Raquitismo e osteomalacia [Rickets and osteomalacia]. 
Arq Bras Endocrinal Metab. 1999;43(6):457–466. Portuguese.

 79. Peters BS, Martini LA. Nutritional aspects of the prevention and treatment 
of osteoporosis. Arq Bras Endocrinol Metab. 2010;54(2):179–185.

 80. Annweiler C, Beauchet O. Vitamin D-mentia: randomized clinical trials 
should be the next step. Neuroepidemiology. 2011;37(3–4):249–258.

 81. Kalueff AV, Tuohimaa P. Neurosteroid hormone vitamin D and its util-
ity in clinical nutrition. Curr Opin Clin Nutr Metab Care. 2007;10(1): 
12–19.

 82. Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ. Distribution 
of the vitamin D receptor and 1 alpha-hydroxylase in human brain. 
J Chem Neuroanat. 2005;29(1):21–30.

 83. Annweiler C, Schott AM, Allali G, et al. Association of vitamin D 
deficiency with cognitive impairment in older women: cross-sectional 
study. Neurology. 2010;74(1):27–32.

 84. Slinin Y, Paudel ML, Taylor BC, et al; for Osteoporotic Fractures in 
Men (MrOS) Study Research Group. 25-Hydroxyvitamin D levels and 
cognitive performance and decline in elderly men. Neurology. 2010; 
74(1):33–41.

 85. Llewellyn DJ, Lang IA, Langa KM, et al. Vitamin D and risk of 
cognitive decline in elderly persons. Arch Intern Med. 2010;170(13): 
1135–1141.

 86. Breitling LP, Perna L, Müller H, Raum E, Kliegel M, Brenner H. 
 Vitamin D and cognitive functioning in the elderly population in 
 Germany. Exp Gerontol. 2012;47(1):122–127.

 87. Annweiler C, Schott AM, Rolland Y, Blain H, Herrmann FR, 
Beauchet O. Dietary intake of vitamin D and cognition in older women: 
a large population-based study. Neurology. 2010;75(20):1810–1816.

 88. Masoumi A, Goldenson B, Ghirmai S, et al .  1alpha,25-
 dihydroxyvitamin D3 interacts with curcuminoids to stimulate 
amyloid-beta clearance by macrophages of Alzheimer’s disease patients. 
J Alzheimers Dis. 2009;17(3):703–717.

 89. Mizwicki MT, Menegaz D, Zhang J, et al. Genomic and nongenomic 
signaling induced by 1α,25(OH)2-vitamin D3 promotes the recovery 
of amyloid-β phagocytosis by Alzheimer’s disease macrophages. 
J Alzheimers Dis. 2012;29(1):51–62.

 90. Annweiler C, Fantino B, Gautier J, Beaudenon M, Thiery S, Beauchet O. 
Cognitive effects of vitamin D supplementation in older outpatients 
visiting a memory clinic: a pre-post study. J Am Geriatr Soc. 2012;60(4): 
793–795.

 91. Stein MS, Scherer SC, Ladd KS, Harrison LC. A randomized 
 controlled trial of high-dose vitamin D2 followed by intranasal insulin 
in Alzheimer’s disease. J Alzheimers Dis. 2011;26(3):477–484.

 92. Annweiler C, Llewellyn DJ, Beauchet O. Low Serum vitamin D 
concentrations in Alzheimer’s disease: a systematic review and 
 meta-analysis. J Alzheimers Dis. 2013;33(3):659–674.

 93. Institute of Medicine. Dietary Reference Intakes for Calcium and 
Vitamin D. Washington, DC: Institute of Medicine; 2010.

 94. Morris MC, Schneider JA, Tangney CC. Thoughts on B-vitamins and 
dementia. J Alzheimers Dis. 2006;9(4):429–433.

 95. Savage DG, Lindenbaum J. Neurological complications of acquired 
cobalamin deficiency: clinical aspects. Baillieres Clin Haematol. 1995; 
8(3):657–678.

 96. Andrès E, Loukili NH, Noel E, et al. Vitamin B12 (cobalamin) 
 deficiency in elderly patients. CMAJ. 2004;171(3):251–259.

 97. Lanska DJ. Chapter 30: historical aspects of the major neurological 
vitamin deficiency disorders: the water-soluble B vitamins. Handb 
Clin Neurol. 2009;95:445–476.

 98. Seshadri S, Beiser A, Selhub J, et al. Plasma homocysteine as a risk 
factor for dementia and Alzheimer’s disease. N Engl J Med. 2002; 
346(7):476–483.

 99. Ravaglia G, Forti P, Maioli F, et al. Homocysteine and folate as 
risk factors for dementia and Alzheimer disease. Am J Clin Nutr. 
2005;82(3):636–643.

 100. Elias MF, Sullivan LM, D’Agostino RB, et al. Homocysteine and 
cognitive performance in the Framingham offspring study: age is 
important. Am J Epidemiol. 2005;162(7):644–653.

 101. Schafer JH, Glass TA, Bolla KI, Mintz M, Jedlicka AE, Schwartz BS. 
Homocysteine and cognitive function in a population-based study of 
older adults. J Am Geriatr Soc. 2005;53(3):381–388.

 102. Luchsinger JA, Tang MX, Shea S, Miller J, Green R, Mayeux R. 
Plasma homocysteine levels and risk of Alzheimer disease. Neurology. 
2004;62(11):1972–1976.

 103. Seshadri S. Elevated plasma homocysteine levels: risk factor or risk 
marker for the development of dementia and Alzheimer’s disease? 
J Alzheimers Dis. 2006;9(4):393–398.

 104. Aisen PS, Schneider LS, Sano M, et al; for Alzheimer Disease Coop-
erative Study. High-dose B vitamin supplementation and cognitive 
decline in Alzheimer disease: a randomized controlled trial. JAMA. 
2008;300(15):1774–1783.

 105. Smith AD, Smith SM, de Jager CA, et al. Homocysteine-lowering 
by B vitamins slows the rate of accelerated brain atrophy in mild 
cognitive impairment: a randomized controlled trial. PLoS One. 2010; 
5(9):e12244.

 106. Muskiet FA, Fokkema MR, Schaafsma A, Boersma ER, Crawford MA. 
Is docosahexaenoic acid (DHA) essential? Lessons from DHA status 
regulation, our ancient diet, epidemiology and randomized controlled 
trials. J Nutr. 2004;134(1):183–186.

 107. Freemantle E, Vandal M, Tremblay-Mercier J, et al. Omega-3 
fatty acids, energy substrates, and brain function during aging. 
 Prostaglandins Leukot Essent Fatty Acids. 2006;75(3):213–220.

 108. Yehuda S, Rabinovitz S, Mostofsky DI. Essential fatty acids 
and the brain: from infancy to aging. Neurobiol Aging. 2005; 
26 Suppl 1:98–102.

 109. Oster T, Pillot T. Docosahexaenoic acid and synaptic protection in 
Alzheimer’s disease mice. Biochim Biophys Acta. 2010;1801(8): 
791–798.

 110. Hashimoto M, Tozawa R, Katakura M, et al. Protective effects of 
prescription n-3 fatty acids against impairment of spatial cognitive 
learning ability in amyloid β-infused rats. Food Funct. 2011;2(7): 
386–394.

 111. Whelan J, Rust C. Innovative dietary sources of n-3 fatty acids. Annu 
Rev Nutr. 2006;26:75–103.

 112. Calon F. Omega-3 polyunsaturated fatty acids in Alzheimer’s disease: 
key questions and partial answers. Curr Alzheimer Res. 2011;8(5): 
470–478.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

541

Nutrient deficiencies in Alzheimer’s disease

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Clinical Interventions in Aging

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/clinical-interventions-in-aging-journal

Clinical Interventions in Aging is an international, peer-reviewed journal 
focusing on evidence-based reports on the value or lack thereof of treat-
ments intended to prevent or delay the onset of maladaptive correlates 
of aging in human beings. This journal is indexed on PubMed Central, 
MedLine, the American Chemical Society’s ‘Chemical Abstracts 

Service’ (CAS), Scopus and the Elsevier Bibliographic databases. The 
manuscript management system is completely online and includes a 
very quick and fair peer-review system, which is all easy to use. Visit 
http://www.dovepress.com/testimonials.php to read real quotes from 
published authors.

Clinical Interventions in Aging 2013:8

 113. Barberger-Gateau P, Raffaitin C, Letenneur L, et al. Dietary  patterns 
and risk of dementia: the Three-City cohort study. Neurology. 
2007;69(20):1921–1930.

 114. Kotani S, Sakaguchi E, Warashina S, et al. Dietary  supplementation 
of arachidonic and docosahexaenoic acids improves cognitive 
 dysfunction. Neurosci Res. 2006;56(2):159–164.

 115. Chiu CC, Su KP, Cheng TC, et al. The effects of omega-3 fatty acids 
monotherapy in Alzheimer’s disease and mild cognitive impairment: 
a preliminary randomized double-blind placebo-controlled study. Prog 
Neuropsychopharmacol Biol Psychiatry. 2008;32(6):1538–1544.

 116. Yurko-Mauro K, McCarthy D, Rom D, et al; for MIDAS Investigators. 
Beneficial effects of docosahexaenoic acid on cognition in age-related 
cognitive decline. Alzheimers Dement. 2010;6(6):456–464.

 117. Quinn JF, Raman R, Thomas RG, et al. Docosahexaenoic acid supple-
mentation and cognitive decline in Alzheimer disease: a randomized 
trial. JAMA. 2010;304(17):1903–1911.

 118. Freund-Levi Y, Eriksdotter-Jönhagen M, Cederholm T, et al. Omega-3 
fatty acid treatment in 174 patients with mild to moderate Alzheimer 
disease: OmegAD study: a randomized double-blind trial. Arch Neurol. 
2006;63(10):1402–1408.

 119. Barberger-Gateau P, Samieri C, Féart C, Plourde M. Dietary 
omega 3 polyunsaturated fatty acids and Alzheimer’s disease: interac-
tion with apolipoprotein E genotype. Curr Alzheimer Res. 2011;8(5): 
479–491.

 120. Calon F, Cole G. Neuroprotective action of omega-3  polyunsaturated 
fatty acids against neurodegenerative diseases: evidence from animal 
studies. Prostaglandins Leukot Essent Fatty Acids. 2007;77(5–6): 
287–293.

 121. Gu Y, Scarmeas N. Dietary patterns in Alzheimer’s disease and 
 cognitive aging. Curr Alzheimer Res. 2011;8(5):510–519.

 122. Scarmeas N, Luchsinger JA, Schupf N, et al. Physical activity, diet, 
and risk of Alzheimer disease. JAMA. 2009;302(6):627–637.

 123. Scarmeas N, Stern Y, Mayeux R, Luchsinger JA. Mediterranean diet, 
Alzheimer disease, and vascular mediation. Arch Neurol. 2006;63(12): 
1709–1717.

 124. Scarmeas N, Stern Y, Mayeux R, Manly JJ, Schupf N, Luchsinger JA. 
Mediterranean diet and mild cognitive impairment. Arch Neurol. 
2009;66(2):216–225.

 125. Smith PJ, Blumenthal JA, Babyak MA, et al. Effects of the dietary 
approaches to stop hypertension diet, exercise, and caloric restriction 
on neurocognition in overweight adults with high blood pressure. 
Hypertension. 2010;55(6):1331–1338.

 126. Akbaraly TN, Singh-Manoux A, Marmot MG, Brunner EJ. Education 
attenuates the association between dietary patterns and cognition. 
Dement Geriatr Cogn Disord. 2009;27(2):147–154.

 127. Gu Y, Nieves JW, Stern Y, Luchsinger JA, Scarmeas N. Food com-
bination and Alzheimer disease risk: a protective diet. Arch Neurol. 
2010;67(6):699–706.

 128. Psaltopoulou T, Kyrozis A, Stathopoulos P, Trichopoulos D, 
 Vassilopoulos D, Trichopoulou A. Diet, physical activity and cogni-
tive impairment among elders: the EPIC-Greece cohort (European 
Prospective Investigation into Cancer and Nutrition). Public Health 
Nutr. 2008;11(10):1054–1062.

 129. Féart C, Samieri C, Rondeau V, et al. Adherence to a Mediterranean 
diet, cognitive decline, and risk of dementia. JAMA. 2009;302(6): 
638–648.

 130. Solfrizzi V, Frisardi V, Seripa D, et al. Mediterranean diet in pre-
dementia and dementia syndromes. Curr Alzheimer Res. 2011;8(5): 
520–542.

submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

542

Cardoso et al

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com/clinical-interventions-in-aging-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


