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Alzheimer’s disease (AD) is a progressive neurodegenerative disorder characterized 
by beta-amyloid (Aβ) deposition, hyperphosphorylation of tau protein (pTau), 
mitochondrial impairment and neuroinflammation. Several risk factors, such as 
aging, genetics, cardiovascular diseases (CVD) and lifestyle, concur to the onset 
of the disease. Among modifiable risk factors, micronutrient intake has gained 
attention for its potential role in preventing or slowing down disease progression. 
In this narrative review, we summarize current evidence linking vitamin deficiencies 
to the onset and progression of AD. We analyze evidence for fat-soluble (A, D, 
E, K) and water-soluble vitamins (C and B-complex, both canonical B1–B12 and 
non-canonical forms such as B13, B15, and B17). We then analyze individual and 
combinational vitamin supplementation in AD patients as the primary focus, with 
additional data derived from animal and cellular studies when human data are 
limited. As final result, B6, B9, and B12 vitamins have demonstrated promising effects 
in clinical trials. Interestingly, some beneficial effects have also been observed in 
the prodromal stage of AD when these vitamins were combined with antioxidant 
compounds such as vitamin C and vitamin E. Given the multifactorial nature of 
AD, targeting isolated vitamin deficiencies may not be sufficient. Future research 
should focus on long-term clinical trials (at least 2 years), particularly exploring 
combinations of vitamins and antioxidants, to achieve meaningful therapeutic 
effects. This review is intended as a point of support for future clinical trials in 
the treatment of AD from a nutritional point of view.
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1 Introduction

More than a century after the description of the first AD patient and the realization that 
only a small percentage (~ 1%) of AD patients can be traced back to the genetic hypothesis 
(1), the scientific community still wonders what factors predispose to the onset and progression 
of AD. To date, numerous hypotheses on the etiopathogenesis of this disease have been 
proposed. These range from the classic hypotheses linking it to Aβ and pTau, to those 
implicating cholinergic and calcium signaling. Other hypotheses point to neuroinflammation, 
oxidative stress, and mitochondrial dysfunction as the culprits of the disease (2). Although 
there is no unified hypothesis, it is certain that the factors impacting AD onset are manifold: 
they can range from diet to metabolic diseases (such as diabetes and CVD) (3), infections (4), 
brain injuries (5) to toxicity from metals and PM 2.5 (5, 6) and many others. As long as the 
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causes for AD onset are not fully elucidated, the best strategy to reduce 
the risk is to act on modifiable risk factors. Among them, diet can 
provide the body with useful molecules that can counteract oxidative 
stress, inflammation and tissue ageing (7–10), preserving the nervous 
system. Beyond the main nutrients, there are some important 
micronutrients that possess neuroprotective effects, such as vitamins, 
minerals, polyunsaturated fatty acids (PUFAs) and polyphenols (11).

In AD patients, vitamin deficiencies are typical phenomena. 
However, it is unclear whether vitamin and nutritional deficiencies 
actually contribute to AD progression or whether the disease itself causes 
nutritional deficiencies as it can lead to changes in diet and lifestyle. For 
instance, it should be considered that the activity of the mesial temporal 
cortex, involved in the control of memory and food intake in the central 
nervous system (CNS), is functionally impaired in dementia. This causes 
an alteration in serotoninergic, dopaminergic and adrenergic 
neurotransmission, which in turn are involved in regulating eating 
behavior and leading to loss of appetite and refusal to eat, decreasing 
food intake (12, 13). On the other hand, vitamins serve numerous vital 
functions including cognitive function (14). Therefore, a deficiency of 
these micronutrients may aggravate the loss of cognitive activity or even 
aggravate dementia, creating a vicious circle in these patients.

In recent years, increasing attention was put on the correct 
nutrition and vitamin intake in AD patients. The evaluation of serum 
vitamin levels is being considered for a proper supplemental therapy 
in combination with traditional drugs and, in some cases, as an 
additional diagnostic marker in the early stages (15, 16). A summary 
of the known activities of vitamins in the nervous system is provided 
in Supplementary Tables S1, S2. Thus, the aim of this narrative review 
is to give an overview of how vitamin deficiencies are related to AD 
and which studies are being conducted in order to restore a proper 

intake of these micronutrients to counteract AD. This review is 
divided into three sections: the first deals with vitamin deficiencies in 
nervous system, the second with vitamin supplementation on patients 
and in preclinical models, the third with a particular focus on the use 
of vitamin cocktails. Figure 1 shows the main neuronal physiological 
pathways in which the vitamins are involved.

2 Search strategy

For the purposes of writing this Review, articles published on 
PubMed were used with regard to preclinical and clinical studies. The 
keywords ‘vitamin ()’ or other name of the vitamin (common, 
chemical) alone or + ‘AD’ or ‘Alzheimer’ were used, and the articles 
most relevant to the topic and most rigorous and comprehensive from 
a scientific point of view were selected, without time limitations.

Clinical studies were searched for on ClinicalTrial.gov using the 
keywords “vitamin ()” or other name of the vitamin (common, 
chemical) + “AD” or “Alzheimer’s.” All relevant clinical studies were 
reported, without time limitations. The tables concerning clinical 
trials show the sample size (n) of each experimental arm that reached 
the end of the trial and was analysed in the scientific paper.

3 Vitamin deficiencies

3.1 Fat-soluble vitamins

A comprehensive table summarizes the effects of lipophilic 
vitamins in the nervous system (Supplementary Table S1).

FIGURE 1

Vitamin involvement in neuronal physiology. The main vitamin-linked processes in neuronal physiology (neurotrophin, neurotransmitters and 
membrane lipid synthesis, antioxidant response) are indicated in bold black. Aβ processing is indicated in bold purple. Vitamins (bold red) are near to 
the process they are involved in. This figure is based on the references summarised in Supplementary Tables S1, S2. ER, endoplasmic reticulum; Aβ: 
beta-amyloid; Hcy, homocysteine; Cys, cysteine; GSH, glutathione.
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3.1.1 Vitamin A
The term vitamin A refers to various fat-soluble substances, 

including retinol, retinoic acids (RA) and retinyl esters. These 
substances are essential for the body as they are involved in processes 
such as vision, cell differentiation, and immunity (17). In the brain, 
vitamin A is necessary for the control of genes involved in the growth, 
survival and differentiation of neuronal cells. Moreover, animal studies 
have highlighted that vitamin A has significant effects on brain 
physiology and behavior (18).

Considering the activities exerted by vitamin A, researchers 
investigated its involvement in AD pathogenesis (19). Evidence on rats 
has shown that a vitamin A deficiency (VAD) lasting 6 months 
decreases Retinoic Acid Receptors (RARs) activation and reduces the 
expression of choline acetyltransferase, the enzyme responsible for 
acetylcholine (ACh) synthesis (20, 21). Although no neuronal loss was 
reported, this phenomenon precedes the accumulation of Aβ plaques 
that occur after 1 year of VAD (20). This reduction in RARs has been 
observed already in the early stages of the disease in AD patients (22). 
Moreover, Almaguer et al. demonstrated that All-Trans-Retinoic-Acid 
(ATRA), acts as agonist of RARs, increasing the expression of 
α-secretase that prevents the Aβ accumulation (23). ATRA is a 
lipophilic molecule and can diffuse easily through the cellular 
membrane reaching the brain cells (24). For these characteristics, 
ATRA was considered as a novel therapeutic strategy for AD 
treatment, as an additional alternative to the vitamin A supplement. 
In this respect, an interesting study conducted on immortalized 
human microglia cells (CVCL_5G94) highlighted how ATRAs can 
increase the heat shock protein 90 (Hsp90) expression on the surface 
of these cells, causing an increase in the amount of endocytosed and 
consequently eliminated tau protein (25). These cells are macrophage-
like cells and are involved in the brain’s innate immune system, whose 
defense mechanisms are altered in neurodegenerative diseases such as 
AD (26). These results were in line with a C57BL/6 J APP/PS1 
transgenic mouse model, in which vitamin A deprivation leads to an 
increase in the cortex of pTau in addition to an increase in Aβ40 and 
Aβ42 in the cortex and in the expression of β-site amyloid precursor 
protein-cleaving enzyme 1 (BACE1) gene transcript (27). This 
protective role has been confirmed in vitro and in vivo on 
Caenorhabditis elegans (C. elegans). Joshi and colleagues demonstrated 
that RA is capable of inhibiting Aβ aggregation in a dose-dependent 
manner in the early stages of this process (28). Finally, many studies 
on rodent models report that VAD exacerbates Aβ deposition, tau 
phosphorylation, and pathological degeneration in AD animal models 
(29), but the exact mechanism still remains unknown.

In summary, Vitamin A appears to have significant effects on 
cellular management of Aβ and pTAU through its receptor, and its 
hypovitaminosis significantly impacts these parameters, promoting 
their aggregation.

3.1.2 Vitamin D
Vitamin D, including D2 (ergocalciferol) and D3 (cholecalciferol), 

is a fat-soluble molecule responsible for the intestinal absorption of 
calcium, magnesium and phosphate, and it is involved in maintaining 
calcium homeostasis to ensure proper bone mineralization (30). Aside 
from its central role in calcium homeostasis and bone health, vitamin 
D has been shown to play a key role in the nervous system. It regulates 
differentiation, proliferation of neurons and microglia, and it is 
involved in the dopaminergic signaling pathway, affecting brain 

development and synaptic plasticity (31). Vitamin D also regulates 
neurotrophin release, including Nerve Growth- (NGF), Glial cell line-
derived- (GDNF) and Brain-Derived Neurotrophic-Factors (BDNF), 
and the synthesis of some neurotransmitters, including ACh, 
dopamine (DA), 5-HydroxyTryptamine/serotonin (5-HT) and 
γ-aminobutyric acid (GABA) (32). The decrease of neurotrophins, in 
serum and in CNS (33) has been associated with the formation of Aβ 
and pTau plaques (34–36). Unfortunately, vitamin D level wasn’t 
assessed in these studies.

Recently, several researchers have questioned the role of vitamin 
D deficiency in AD pathogenesis. While some studies did not show 
any relationship between blood levels of vitamin D and AD symptoms 
(37, 38), others have reported a clear association. One of the first 
studies to suggest a link between vitamin D and AD dates back to 
1992, when Sutherland et al. demonstrated a reduced expression of 
vitamin D receptors (VDRs) in the hippocampus of AD patients (39). 
Interestingly, it has been described that VDR expression can be 
modulated by vitamin D itself (40), thus demonstrating an 
involvement of both ligand and receptor downmodulation in 
AD. Since then, large-scale studies have been carried out. Among 
these, a longitudinal study of over half a million participants revealed 
strong associations between vitamin D serum level deficiency or 
insufficiency with AD (41). Moreover, a systematic review and meta-
analysis conducted in 2023, analyzed five prospective studies and one 
cross-sectional study, involving 10,884 participants overall. The meta-
analysis showed that patients with low serum vitamin D levels 
(<25 ng/mL) had a higher risk of developing AD than patients with 
normal vitamin D levels and that a severe vitamin D deficiency (< 
10 ng/mL) was associated with an even higher risk (42). Further 
support for an association between vitamin D and cognitive 
impairment comes from recent population-based studies: for instance, 
an analysis of NHANES data showed that vitamin D deficiency in 
older adults is significantly associated with cognitive impairment (43).

However, although most studies indicate a relationship between 
reduced vitamin D levels and AD, some authors, including Chai et al., 
make clear that these kinds of analyses can be influenced by the 
reverse causality bias (44–46). Therefore, it is difficult to unequivocally 
determine whether low vitamin D levels are responsible for dementia 
and cognitive impairment typical of AD or if dementia can lead to 
reduced intake of vitamin D. Indeed, due to their loss of autonomy, 
patients suffering from AD or dementia spend less time outdoors or 
in sunlight, causing vitamin D deficiency over time.

In summary, Vitamin D has direct effects on the nervous system, 
mainly due to the synthesis of neurotrophins. Population studies have 
shown an increased incidence of developing AD when levels are low, 
although caution must be exercised with regard to reverse 
causality bias.

3.1.3 Vitamin E
Vitamin E is a term comprising eight isoforms (vitamers) of 

micronutrients, specifically α-, β-, γ-, and δ-tocopherol, and α-, β-, γ-, 
and δ-tocotrienol. Among these, 𝛼-tocopherol is the dominant 
isoform (47). Vitamin E members, particularly tocopherols, are of 
great interest in AD because of their antioxidant properties. In the 
scavenging process free radicals form the stable radical of vitamin E, 
which is then subsequently reduced by vitamin C (48). Therefore, 
reduced vitamin E is active in inhibiting brain lipid peroxidation, 
further exerting its antioxidant activity (19, 49). However, the behavior 
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of vitamin E within the context of the organism’s redox state is 
variable. Since vitamin E acts as an antioxidant through radical 
scavenging, it must be rapidly reduced by other antioxidants (e.g., 
vitamin C); otherwise, it can become pro-oxidant (50). In AD, 
oxidative stress plays an important role, indeed AD patients’ brains are 
more susceptible to oxidative stress because they have [Cu2+] and 
[Zn2+] levels three times higher than healthy brains. These metals can 
interact with the N-terminal portions of Aβ and generate a significant 
amount of reactive oxygen species (ROS). Additionally, there is a 
migration of Cu2+ from inside brain cells to Aβ plaques, thereby 
impairing the activity of metalloenzymes in brain cells (51).

Vitamin E deficiency affects a wide range of physiological 
pathways. Thus, in mouse and rat models it has been demonstrated 
that Vitamin E is responsible for the regulation of numerous genes 
essential for the elimination of Aβ, nerve cell growth, hormonal 
metabolism, apoptosis, and dopaminergic neurotransmission (52). A 
mouse model of AD showed that vitamin E depletion is responsible 
for the increase of Aβ plaques decreasing its clearance from brain and 
blood (53) thus enhancing AD pathology (54). These results are in line 
with some human and animal studies reported by Sultana et al. that 
show vitamin E deficiency can lead to cognitive impairment and a 
decrease in motor skills (18).

A study found a decrease in vitamers E (α-, γ-tocopherol and 
δ-tocotrienol) in plasma of AD patients compared with healthy ones. 
Moreover, a decrease, even if non statistically significant, in telomere 
length has been observed (55). Telomeres undergo shortening with 
each cell division and are sensitive to oxidative stress. Their 
involvement in AD pathogenesis has been discussed for decades and 
reported as associated with the aging process and aging-associated 
diseases (56). Casati et al. studied the connection between telomere 
length and vitamin E level by correlation analyses, showing an 
association between telomere length and γ-tocopherol, total 
tocopherols, and total vitamin E in AD patients (55).

Although all these studies agree that vitamin E levels correlate 
with AD, another important study highlights the importance of 
vitamin E aggregation state. Indeed, vitamin E is able to directly bind 
the aggregate state of Aβ in two ways in vitro. Aggregated forms of 
α-tocopherol can promote the aggregation of Aβ by acting as 
nucleation centers, conversely monomeric forms of α-tocopherol 
inhibit its aggregation (28).

In summary, Vitamin E exerts a direct effect as a ROS scavenger 
and Aβ interactor and an indirect effect in regulating Aβ elimination. 
Vitamin E deficiency has been linked to AD and cellular senescence.

3.1.4 Vitamin K
Vitamin K refers to a group of fat-soluble compounds sharing a 

2-methyl-1,4-naphthoquinone structure (menadione). They play key 
roles in blood clotting, bone metabolism, and antioxidant/anti-
inflammatory functions, acting as cofactors in the γ-carboxylation of 
the glutamic acid residues of Vitamin K-dependent proteins (VKDPs) 
by activating them. Among these, Growth arrest-specific protein 6 
(Gas6) and protein S1 (ProS1) are some of the Vitamin K protein 
targets found to be closely associated with brain health and cognitive 
functions (57–59). Indeed, they prevent cell apoptosis through the 
activation of the PI3K/Akt/Bad-signaling pathway (60). In addition to 
its better known activity, it has been shown that vitamin K has a 
fundamental role in sphingolipid synthesis, a class of lipids present in 
high concentrations in both neuronal and glial cell membranes (61, 

62), and in inhibiting ferroptosis, a non-apoptotic form of cell death 
characterized by iron-dependent lipid peroxidation (63).

Although vitamin K deficiency is extremely rare in adults, its 
decrease in AD has to be considered with particular emphasis for its 
effects on the brain. In 2001, Allison and colleagues hypothesized that 
the link between low vitamin K levels and AD development may be 
related to the presence of the apolipoprotein E4 (APOE4) variant 
genotype in AD patients (64). It is now clear that APOE polymorphism 
represents a genetic risk factor for AD; but interestingly, it also exerts 
a key role in vitamin K absorption and clearance. APOE is a small 
protein which interacts with lipoprotein receptor, favoring the 
clearance of the chylomicrons, which are involved in vitamin K 
transport (65). This variant in AD patients is particularly effective in 
promoting vitamin K clearance resulting in a decrease in serum 
concentration (64, 66). An analysis performed on 320 subjects 
revealed an association between vitamin K status, measured as serum 
concentrations of phylloquinone, and cognitive impoverishment in 
the elderly. It was shown that patients with higher serum levels had 
better episodic verbal memory and memory track consolidation, 
compared to patients with lower levels (67). This result is in line with 
the study by Tamadon-Nejad et al. that demonstrated that in warfarin-
induced vitamin K deficiency, rats have motor dysfunctions, slower 
learning acquisition and detrimental effect on cognition respect to the 
control group. Moreover, they found an altered expression and 
distribution of ganglioside, which is one of the major components of 
neuronal cell membranes, in key rat brain regions, suggesting a 
possible involvement of vitamin K in cognitive and behavioral 
perturbations (68).

In summary, Vitamin K is involved in the synthesis of 
sphingolipids and appears to be essential for the nervous system. Low 
levels of vitamin K may be linked to AD-related APOE variants.

3.2 Water-soluble vitamins

A comprehensive table summarizes the effects of hydrophilic 
vitamins in the nervous system (Supplementary Table S2).

3.2.1 B vitamins
B vitamins are a group of water-soluble vitamins that play a key 

role in cell functioning, acting as coenzymes in many metabolic 
reactions. Their effect in the brain is particularly relevant for energy 
production, DNA synthesis and repair, methylation processes, as well 
as synthesis of numerous neurochemicals and signaling molecules 
(69). This group includes vitamins B1 (thiamine), B2 (riboflavin), B3 
(niacin), B4 (choline), B5 (pantothenic acid), B6 (pyridoxine), B7 
(biotin), B8 (inositols), B9 (folic acid), B10 (PABA), B12 (cobalamin), 
B13 (orotic acid), B15 (pangamic acid), and B17 (amygdalin). 
Thiamine, riboflavin, niacin, and pantothenic acid are essential 
co-enzymes in mitochondrial aerobic respiration and cellular energy 
production via their direct role in the Krebs cycle, the electron 
transport chain and the resultant formation of adenosine triphosphate 
(ATP) (70). Vitamin B members are also called “neurotropic” because 
of their essential role in the CNS (71).

In summary, many of these vitamins are involved in energy 
metabolism (such as B1, B2, B5), neurotransmitter synthesis (such 
as B6, B9), homocysteine management (B6, B9, B12), signalling 
(such as B8) and as precursors of useful molecules (B10 and B13). 
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Of these, it is known that hypovitaminosis of B1 leads to oxidative 
stress, B3 to mitochondrial damage, and B12 to neurodegeneration. 
From vitamin B1 to vitamin B6, important studies on the 
correlation between their hypovitaminosis and AD are found 
in humans.

3.2.2 Vitamin B1 (thiamine)
Vitamin B1 plays a key role in carbohydrate metabolism, ATP and 

NADPH synthesis and the generation of pentoses for nucleic acid 
biosynthesis. It is particularly important for the proper functioning of 
the heart, skeletal muscles and nervous system (72). In the brain, 
thiamine is present mainly as thiamine diphosphate (TDP), which 
represents an important cofactor for the pyruvate dehydrogenase 
complex (PDHC), transketolase (TK) and α-ketoglutarate 
dehydrogenase (α-KGDH). These enzymes are involved in energy 
metabolism and cellular glucose management. It is well established 
that the reduction of TDP concentration is linked to decrease of 
α-KGDH activity, which is in turn linked to metabolic defects 
responsible for neurological impairments, and to a decrease of TK 
activity (73, 74).

This vitamin is also involved in synapse formation and myelin 
genesis (75). Of note, low Vitamin B1 levels have also been 
associated with memory disorders and Aβ plaque formation (76). 
Indeed, in AD rodent models, the thiamine deficiency not only 
increases the glucose brain utilization, inflammation and neuronal 
loss, but also exacerbates plaque formation and tangles (77). 
Moreover, thiamine plays a critical role in ACh synthesis (73, 78)
impacting the cholinergic system, which is profoundly impaired in 
AD (79).

Observational studies have examined whether alterations in 
thiamine status are associated with cognitive decline and AD. In a 
cross-sectional study of 206 patients with AD, Qian et al. evaluated 
blood B-vitamin status, nutritional markers and cognition, and 
identified TDP as the B-vitamin form most closely associated with 
both nutritional indices and cognitive performance. These data 
support the notion that reduced TDP may contribute to cognitive 
decline in AD, consistent with its central role in brain energy 
metabolism (80). In a 1:1 case–control study including 90 patients 
with AD and 90 cognitively normal controls, Wang et al. reported 
significantly lower whole-blood TDP levels in AD and an inverse 
association between TDP concentrations and the likelihood of having 
AD. They also observed lower TDP levels in female compared with 
male AD patients, suggesting that thiamine status may influence both 
overall AD risk and sex-related vulnerability (81).

3.2.3 Vitamin B2 (riboflavin)
Vitamin B2 is known to be a precursor in the synthesis of both 

flavin mononucleotide (FMN), and flavin adenine dinucleotide 
(FAD), fundamental for the mitochondrial function, neuronal 
antioxidant response (82) and myelin synthesis (83). Riboflavin 
deficiency has been shown to influence iron absorption, tryptophan 
and other vitamin metabolism and mitochondrial function. It was 
reported that up to 60% of the population may be at risk of vitamin 
B2 deficiency (84). A study involving 368 AD patients and 574 
controls was evaluated for serum vitamin levels and the authors 
concluded that lower serum vitamin B2, together with B9, B12, D and 
E, may be a risk factor for AD, unfortunately without proposing a 
possible molecular mechanism that could explain the correlation (85).

3.2.4 Vitamin B3 (niacin)
Vitamin B3 is a precursor to produce nicotinamide adenine 

dinucleotide (NAD+) and nicotinamide adenine dinucleotide 
phosphate (NADP+) which plays a fundamental role in the 
neuronal energetic metabolism and participates in the antioxidant 
process and DNA repair (70). Niacin is involved in proper 
function of the immune system, and reduction of 
neuroinflammation, another important AD feature (86). Its 
deficiency has been linked to memory impairment, symptoms of 
dementia and mood changes (87). Moreover, NAD+ deficiency is 
associated with mitochondrial dysfunction which could be linked 
to AD (88, 89).

3.2.5 Vitamin B4 (choline)
Vitamin B4, also known as choline, is an essential nutrient which 

plays a well-recognized role in brain function. It is necessary for the 
synthesis of ACh and choline-containing phospholipids, most of which 
are involved in cell membrane signaling. Additionally, choline plays a key 
role in One-carbon metabolism (OCM) (90). Studies in postmortem AD 
brains reveal changes in phospholipid metabolism. In fact, in the study by 
Nitsch and collaborators, the increased catabolism of membrane 
phospholipids in the AD brain was reported with a decrease of initial 
phospholipid precursor levels. All these data support the hypothesis that 
phospholipid turnover is elevated in neurodegeneration (91). Besides the 
CDP-choline pathway that depends on dietary choline, 
phosphatidylcholine (PC) can also be synthesized endogenously through 
phosphatidylethanolamine N-methyltransferase (PEMT), which converts 
phosphatidylethanolamine (PE) to PC via three sequential methylation 
reactions. This pathway may partially buffer low choline intake but does 
not fully compensate for a systemic choline deficit. A common functional 
single-nucleotide polymorphism in the PEMT gene (rs7946, G523A) 
results in a Valine to Methionine substitution at position 175 (V175M), 
which reduces PEMT activity (92) and this has been associated with an 
increased risk of sporadic AD in a Chinese population for APOE ε4 
non-carriers and female subjects (92, 93).

3.2.6 Vitamin B5 (pantothenic acid)
Vitamin B5, also known as Pantothenic acid or ‘anti-stress 

vitamin’, is an obligatory precursor of coenzyme A (CoA), known to 
play an essential role in different metabolic processes such as fatty acid 
metabolism, synthesis of neurotransmitter and biogenic pathways like 
TCA cycle (94). Moreover, CoA contributes to the function and 
structure of the brain, thanks to its role the synthesis of fatty acids, 
cholesterol, amino acids, phospholipids and steroid hormones (69). In 
2020, a study by Xu and colleagues showed different levels of vitamin 
B5 between AD cases and controls in different brain regions, 
discovering that the quantity of the vitamin was lower in AD to 
30-50% of control values. The difference was observed in the 
hippocampus, entorhinal cortex, and middle temporal gyrus, with 
high vitamin B5 levels mostly colocalizing with white matter. 
Observations in postmortem tissue do not explain if vitamin B5 
depletion is a consequence or cause of neuropathological process, but 
the authors suggest vitamin B5 deficiency may be an early perturbation 
in AD. Low levels of vitamin B5 could affect the production of CoA 
and acetyl-CoA and its uptake in Krebs cycle with negative 
consequence on the cerebral urea metabolism. The authors conclude 
that neurodegeneration associated with vitamin B5 deficiency may be 
preventable with an oral supplementation (95).
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3.2.7 Vitamins B6 (pyridoxine, pyridoxal, and 
pyridoxamine)

Vitamin B6 vitamers (pyridoxine, pyridoxal, and pyridoxamine) 
are converted to pyridoxal 5’-phosphate, an essential coenzyme for 
various biochemical reactions. The difference in efficacy of these 
vitamers is suggested by Oppici et al., which reports that pyridoxamine 
and pyridoxal form are more active compared to pyridoxine in the 
context of pharmacological treatment for patients with hyperoxaluria 
type I (96). Vitamin B6 is essential for the correct function of the 
nervous system for many reasons. It is involved in regulation of 
oxidative stress and takes part in neurotransmitter production. The 
vitamin is an important coenzyme in the synthesis of the following 
neurotransmitters: norepinephrine (NE), noradrenaline, glutamate, 
DA, 5-HT and GABA (69, 71, 97, 98). Moreover, pyridoxine is 
involved in the conversion of homocysteine to cysteine (99). High 
homocysteine levels are associated with an increased risk for AD 
(100). An upregulation in vitamin B6 catabolism in AD patients 
compared to controls was reported (101).

3.2.8 Vitamin B7 (biotin)
Vitamin B7, known also as Biotin or Vitamin H, has a key role as 

a cofactor of enzymes that are involved in glycogen synthesis, amino 
acids and fatty acids metabolism. It is also required for the histone 
biotinylating process, an epigenetic modification involved in cell 
proliferation, gene silencing and DNA damage repair. Its importance 
in gene expression is underscored by the fact that it can affect the 
expression of more than 2000 genes in human cells (102–104). 
Vitamin B7 contributes to the nervous system’s well-functioning not 
only for the regulation of important genes for neuronal health, but 
also because this vitamin helps in oxidative stress reduction in neurons 
and supports mitochondrial activity (105). Although biotin was not 
deeply studied in the AD field, its importance in the nervous system 
suggests that it can help to protect neurons, potentially reducing the 
risk of neurodegenerative events (106).

3.2.9 Vitamin B8 (inositols)
Vitamin B8 indicates inositols, sugar-like compounds that the 

human body can synthesize. The supply of inositol in the brain comes 
from (1) Phosfatidyl-Inositols derivative recycling, (2) active transport 
of inositol from the periphery and (3) de novo synthesis. The inositol 
role in the brain attracted attention because inositol levels in the 
cerebrospinal fluid (CSF) are 7-fold higher than plasma levels, and in 
some brain regions they are also found to be 50- to 200-fold higher 
(107, 108). Inositols have multiple stereoisomers, which are present in 
both intra- and extracellular compartments of neuronal and glial cells. 
Epi- and scyllo-inositol isomers can stabilize the non-toxic forms of 
Aβ, they have antioxidant capacity (107, 108) and they can act as 
second messengers of the insulin-signaling pathway. Due to their 
insulin-mimetic and insulin-sensitizing properties, they are able to 
increase insulin sensitivity, with glucose level reduction in the blood 
and promotion of hepatic glycogen synthesis (109).

3.2.10 Vitamin B9 (folic acid)
Vitamin B9, also known as folic acid, is required for basic 

processes like cell repair, DNA synthesis, methylation and 
homocysteine regulation (110). In the context of the brain, it is 
important to note its crucial role in maintaining synaptic plasticity, 
which is necessary for a proper memory function (111). This vitamin 

is also necessary during neurodevelopment and its decrease is 
associated with defects of the neural tube and a reduction in ACh 
synthesis (111). It is required for supporting mitochondrial health and 
it is involved in the process of oxidative stress reduction (113). Folates 
are essential for life, not only because of their major role in essential 
biochemical reactions, like the metabolism of nucleotides, but also for 
DNA methylation, which in turn is a significant mechanism for 
epigenetic transmission, responsible for gametogenesis and embryo 
development. Dna methylation, together with histone methylation, 
regulates in a very specific way the expression of pivotal genes in 
imprinting (112). Vitamin B9 is required for the synthesis of 
catecholamines (DA, NE, epinephrine) and 5-HT, which are important 
neurotransmitters for the function of brain areas such as the cerebral 
cortex, limbic system, and hypothalamus. Moreover, it has been 
discovered that its deficiency can increase Aβ plaque (113). This 
vitamin deficiency is more frequently observed in older individuals 
and is linked not only to neuronal damage, but also to cognitive 
decline and memory problems (114) indicating a risk factor for AD 
(115). In a recent NHANES-based cross-sectional study of 2,104 
adults ≥60 years, higher total dietary folate, folic acid intake, and red 
blood cell (RBC) folate levels were associated with lower odds of 
global cognitive impairment, with RBC folate showing the strongest 
linear inverse association (OR 0.86, 95% CI 0.75–0.97 per unit 
increase). However, when stratified by CVD status, the protective 
effect of higher RBC folate on cognition was significantly attenuated 
in participants with CVD compared to those without CVD. Overall, 
the study suggests that adequate folate status supports global cognitive 
function in older adults, but coexisting CVD may blunt this 
benefit (116).

3.2.11 Vitamin B10 (PABA)
Para-aminobenzoic acid (p-aminobenzoic acid, PABA or 

4-aminobenzoic acid) is often classified as vitamin B10 or BX. PABA 
is not synthesized in mammals but is a fundamental component of 
metabolism and can be easily absorbed by the intestine due to the 
supply of food and symbiotic bacteria which produce it constantly 
(117). PABA is an irreplaceable substrate for folic acid synthesis and 
it is produced through folic acid breakdown (118). Moreover, it has 
been identified as Coenzyme Q precursor (119), and crucial for DNA 
synthesis and replication (120). Vitamin B10 is known for its anti-
cancer, anti-AD, antibacterial, antioxidant, antiviral, and anti-
inflammatory properties, making PABA compounds potential 
therapeutic agents for future clinical trials (121). PABA-building block 
is already used as a scaffold for many drugs (121, 122) and recently for 
the development of a potential cholinesterase inhibitor for AD 
treatment (123). See section 4.2.10.

3.2.12 Vitamin B12 (cobalamin)
Vitamin B12 is required for the nervous system preservation, 

during development and in adult life, being involved in cognitive 
functions such as concentration and memory (124). It is known to be 
important for homocysteine metabolism, DNA synthesis and repair, 
a mechanism that is fundamental for proper function of post-mitotic 
cells like neurons. Vitamin B12 is also known for its protective role 
thanks to its antioxidant effect, as it indirectly participates in 
glutathione and H₂S biosynthesis (125). Evidence from in vitro studies, 
in melanocytes, showed that Vitamin B12 can induce the activation of 
Nuclear factor erythroid 2-related factor 2 (NRF2) triggering in this 
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way transcription of catalase (CAT) and superoxide dismutase (SOD) 
genes that are responsible for the ROS scavenging. Vitamin B12 is able 
to induce SOD and CAT upregulation also in neuronal cells, as 
demonstrated by Theiss and co-workers in SH-SY5Y model (126). In 
addition, Vitamin B12 is required for myelin formation, regulation of 
neurotransmitters, synthesis of the catecholamines (71). Moreover, 
this vitamin can help to recover the integrity of the blood–brain 
barrier (BBB), impaired in AD (127). As a cofactor of methionine-
synthase, vitamin B12 is important for the homocysteine conversion 
into methionine. Its subclinical deficiency leads to an intracellular 
increase of homocysteine (128), which in turn is able to increase 
oxidative stress and inflammation (129). Vitamin B12 deficiency is 
associated with defects in myelin production, nerve damage, 
neurodegenerative symptoms, cognitive decline, dementia and 
memory deficits (130). In a longitudinal study with 7 years of follow 
up, the involvement of homocysteine and holotranscobalamin 
(holoTC) were suggested to be involved in AD development (129).

3.2.13 Vitamin B13 (orotic acid)
The orotic acid, known as non-canonical vitamin B13, has an 

essential role in the de novo synthesis of pyrimidine, the building 
blocks of DNA and RNA. A continuous supply of pyrimidine 
nucleotides is important for the proper CNS development, 
regeneration, plasticity and neurotransmission in the adult brain 
(131). It is known that some P2Y receptor subtypes are sensitive to 
uridine nucleotides. The P2Y receptors belong to the G-protein-
coupled receptors (GPCRs) that can be activated after binding of 
extracellular nucleotides (such as ATP, ADP, UTP and UDP), 
triggering physiological brain processes such as neurotransmission, 
regulation of synaptic functions or release of synaptic vesicles. It is not 
surprising that all three genes of the pyrimidine de novo synthesis 
pathway are expressed in many rat brain regions such as the 
hippocampus, neocortex and cerebellar cortex (132, 133). Moreover, 
AD patients have altered mRNA levels of genes involved in pyrimidine 
synthesis (134). Orotate has also anti-inflammatory activity, through 
uridine-monophosphate formation, inhibits cellular apoptosis and 
promotes cellular growth (135). Moreover, vitamin B13 has been 
recently used as a ‘stabilizing’ agent for metal ions and absorption. 
Indeed, metal ion imbalance in AD can disrupt organelles, impair 
mitochondria and autophagy, and promote Aβ and tau aggregation 
(136) and restoring metal homeostasis could improve AD outcomes. 
Finally, the discovery of its antioxidative effects in improvement of 
membrane electrical conductivity and inhibition of free radical 
formation, suggests its possible benefit as a neuroprotective 
agent (137).

3.2.14 Vitamin B15 (pangamic acid)
Vitamin B15, discovered in 1938, is also known as pangamic acid, 

pangametin and sopangamine (138), it occurs naturally, and it has 
been used for decades as a cellular respiration stimulator. In addition 
to the natural form, a synthetic product known as di-isopropyl-
ammonium dichloroacetate (DIPA) is available with comparable 
biological properties (139). In Germany, there is a commercially 
available vitamin B15 drug, although pangamic acid refers to three 
chemically distinct compounds: gluconic acid, glycine and 
diisopropylammonium dichloroacetate. Moreover, both 
dimethylglycine hydrochloride (DMG) or diisopropylamine 
dichloroacetate (DIPA-DCA) are sold as vitamin B15 on the market 

(140). In addition, dichloroacetate, as part of diisopropylamine 
dichloroacetate, is demonstrated to be harmful to both human and 
animal as mutagenic (141, 142). Given the enormous confusion 
regarding this vitamin identity, and the fact that no reliable scientific 
evidence supports its classification or efficacy, vitamin B15 remains a 
controversial and ill-defined compound in biomedical literature (143). 
The Food and Drug Administration identifies vitamin B15 as “not an 
identifiable substance” (140). In addition, no associations with AD 
have emerged from 1938 to date.

3.2.15 Vitamin B17 (amygdalin or laetrile)
Vitamin B17, also known as amygdalin, is a cyanogenic glycoside 

chemical that can be found in kernels and fruit pulp. It is also available 
as a synthetic compound named laetrile (142). No associations with 
AD have emerged to date.

3.2.16 Vitamin C
Vitamin C is a water-soluble compound with antioxidant 

properties and is necessary for many biosynthetic processes, such as 
those of collagen synthesis and carnitine metabolism (144) and it is a 
micronutrient necessary for neurodevelopment and 
neurotransmission, as well as for maintaining the redox balance (145). 
The balance maintenance also occurs through iron, zinc, and copper 
chelation (19). Evidence suggests that vitamin C is involved in 
neurotransmission through aminergic (DA, NE and 5-HT), 
glutamatergic, and cholinergic mechanisms. Specifically, it is 
implicated in the synthesis of catecholamines through the modulation 
of hydroxylase enzymes, particularly tyrosine hydroxylase. The 
transcription of this enzyme is increased by vitamin C, which is also 
involved in the synthesis of L-DOPA (146). Additionally, vitamin C is 
required for the conversion of DA into NE through the reaction 
catalyzed by the enzyme dopamine-β-hydroxylase and can inhibit 
glutamate cytotoxicity through an inhibitory effect on NMDA 
receptors and by reducing glutamate-mediated AMPK receptor 
phosphorylation (145).

Vitamin C reaches the CSF via sodium-dependent vitamin C 
transporter type 2 (SVCT2) or through GLUT transporters from the 
blood and it has been shown that systemic vitamin C deprivation leads 
to a reduction in hippocampal volume (10-15%), impairing learning 
and memory abilities (146). In addition, lower vitamin C levels were 
associated with increased cognitive deficits in AD patients, who 
showed reduced plasma vitamin C concentrations than healthy 
patients. This link, bearing in mind the multiple activities of vitamin 
C in neuroprotection, suggests its fundamental role in the AD onset 
and progression (145). Dixit and colleagues confirmed this correlation 
in their study published in 2015. They generated a novel mouse model 
of vitamin C deficiency in AD by crossing SVCT2 heterozygous 
knockout mice with a bigenic mouse carrying two mutations known 
to cause early-onset AD (SVCT2+/−APP/PSEN1+). These mice have 
intracellular vitamin C deficiency, but normal circulating levels. They 
showed that mice with low vitamin C had an increased lipid 
peroxidation and a decrease in antioxidant potential, accelerating Aβ 
production and deposition and the progression of the associated 
cognitive deficits (147).

Regarding the protective role of vitamin C on the formation of Aβ 
plaques, its mechanism of action has not yet been known, although it 
seems clear that oxidative stress plays a fundamental role (145). 
However, a study by Sampaio et al. proposed a biochemical and 
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mechanistic explanation of the neuroprotective process performing a 
Molecular dynamics (MD) experiment. Briefly, ascorbic acid appears 
to have a strong affinity for the region between the D23 residue and 
the K28 residue, competing with Aβ molecules in the formation of 
oligomers and destabilizing pre-formed ones (148).

In summary, Vitamin C plays an important role in the synthesis 
of neurotransmitters as well as ROS scavenger. There are associations 
between reduced cognitive abilities and low vitamin C levels in AD 
patients.

4 Vitamin supplementation in AD 
patients and preclinical models

The use of vitamins as a treatment for neurodegenerative diseases 
has been explored by several research groups and an excellent 
systematic review of studies conducted between 2011 and 2021 was 
written by Martinez and colleagues (16). A more recent review 
describes the importance of vitamins in neurodegenerative diseases 
(14). In the present review, we focused on studies specifically aimed at 
studying AD in human, animal or in vitro studies. In this way, we 
provide readers with an overall view of the state of the art for each 
vitamin.

4.1 Fat-soluble vitamins

4.1.1 Vitamin A
Although there are not enough clinical trials to define the effects 

of vitamin A supplementation on the progression of AD, several 
experimentations have been performed on animal models. 
Investigation on APP/PS1 mouse models have demonstrated the 
ability of vitamin A dietary supplementation to inhibit Aβ aggregation. 
Specifically, the supplementation of 15 IU/g vitamin A for 12-week 
showed decreased Aβ deposition and better learning and memory 
abilities (although not significant) (149). These data were confirmed 
by another study where Vitamin A supplementation in VAD shows 
the same effect in memory (150) and demonstrate the ability of 
vitamin A to protect and assist the regeneration of neurons during 
neurodegenerative process (151). The effect of vitamin A 
supplementation in AD has been further demonstrated in a study on 
APP/PS1 mice treated with intraperitoneally administered RA for 
8 weeks. The authors showed a robust decrease in Aβ brain deposition 
and pTau, reduced activation of microglia and astrocytes, attenuated 
neuronal degeneration, and improvement of spatial learning and 
memory compared to control animals (151).

It would seem that gender is a determining factor for the 
progression of the disease and for the response to treatment with 
vitamin A (20 IU/g). In 3xTg-AD transgenic mice, it was observed 
that the accumulation of Aβ was 10 times higher in females than 
males. After treatment with vitamin A, Aβ40 and Aβ42 levels were 
decreased in male mice, while they were increased in female mice. 
Regarding the pTau, the quantity was found to be equal in both male 
and female mice, but differences were observed in the response to 
vitamin A treatment. In male mice the supplementation decreased the 
amount of pTau due to a reduction in CDK5 levels, a kinase necessary 
for the phosphorylation of the tau. This did not occur in female mice. 
The authors explain that, during menopause, the ovarian estrogen 

production decreases progressively and that this production is 
regulated by RA. In fact, when supplemented with vitamin A, female 
mice activate a compensatory mechanism that transports vitamin A 
to the ovaries instead of the hippocampus. However, in the ovaries 
there is an enzyme that inactivates estrogen, regulated by RA. This 
activates a vicious circle by further decreasing circulating estrogen 
levels and increasing vitamin A seizure from the brains of mice (152).

In summary, vitamin A seems to exert neuro-regenerative and 
anti-aggregative effect in male mice. In menopausal mice, vitamin A 
is hijacked to the ovaries, favouring the Aβ accumulation in the brain.

4.1.2 Vitamin D
In recent years, several animal and clinical studies have been 

conducted to determine whether vitamin D (in the active form of D3) 
supplementation may play a role in AD progression. Research by 
Morello in 2018 showed that feeding 5XFAD transgenic mice with a 
high vitamin D3 intake (7,500 IU/kg for 4 months), significantly 
improves working memory when administered during the early stages 
of the disease. Conversely, in later stage, high vitamin D 
supplementation fails to exert protective effect on cell proliferation and 
neurogenesis (153). These effects on Wistar rats have also been 
confirmed by Mehri et al. in 2020. They showed that Aβ-treated mice 
that received vitamin D (5 μg/kg/day for 2 weeks) had an increase in 
spatial and learning memory, similar to the control groups. This 
improvement has been linked to vitamin antioxidant effect with a 
reduction in lipid peroxidation and DNA damage along with a decrease 
in total antioxidant capacity (TAC) and total thiol groups (TTG) (as an 
indicator of GSH/GSSG ratio) in the hippocampus and serum samples 
of the same animals (154). These results are in line with the evidence 
of Yu and colleagues who observed an improved cognitive function 
accompanied by a decrease in Aβ load, along with an increase in NGF 
levels and a reduction in inflammatory markers in the brains of treated 
AβPP-PS1 transgenic mice (12 IU/g vitamin D for 3-4 weeks). 
Moreover, authors show an alteration in Amyloid Precursor Protein 
(APP) expression with a variation in APP end products depending on 
vitamin D supplementation (155). Thus, from a biochemical and 
molecular point of view, all these therapeutic effects can be explained 
by considering the interaction of vitamin D on its receptors at the CNS 
level, which triggers neuronal protection against the degenerative 
processes of AD, including anti-inflammatory action, anti-atrophic 
effect by regulating neurotrophic agents as NGF and GDNF, attenuating 
the accumulation of the Aβ42 peptide by stimulating its phagocytosis 
and increasing the efflux through the BBB (156, 157). Animal studies 
are consistent with the few available clinical studies on Vitamin 
D-supplemented AD patients. Among these, a trial of patients with AD 
who received 800 IU/day vitamin D revealed improved cognitive 
function and a significant decline trend in Aβ-related biomarkers, such 
as APP and BACE1, after 12 months of treatment (158) (Table 1).

Along with the benefits of vitamin D, it is also important to 
consider the work of Lai and colleagues, according to which “Vitamin 
D supplementation worsens Alzheimer’s progression” in animal model 
and in Aβ42-exposed SH-SY5Y cells. Authors tried to give a molecular 
explanation to their result by investigating the activation of the VDR 
pathway following the interaction with vitamin D, finding that the 
vitamin D did not rescue the canonical VDR pathway but instead 
further activated the VDR/p53 complex causing damage to AD brains. 
In addition, they performed retrospective studies that confirmed their 
conclusion in AD subjects with advanced stage disease (159). 
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However, these results have been extensively commented on and 
discussed by Gombart et al. highlighting the limitations of the study 
by Lai and colleagues in terms of approach and methodology (37). To 
date, the precise mechanism and activity are still debated, and more 
studies will be necessary to acquire this knowledge.

In Table 1, the available clinical trials based on vitamin D 
supplementation are reported.

In summary, vitamin D treatment seems to be effective in early 
stage of the disease, impacting Aβ clearance and leading to oxidative 
stress and Aβ-markers reduction. Animal experiment reported also a 
reduction in neuro-inflammation and lipid peroxidation.

4.1.3 Vitamin E
Studies on mice have shown that vitamin E dietary 

supplementation is inversely correlated with the incidence of 
AD. Sung et al., investigating the effect of vitamin E supplementation 
in transgenic APP mice (Tg2576), highlighted that vitamin E can 
lead to a reduction in Aβ aggregation in young individuals that 
received a diet supplemented with 2 IU/g vitamin E, but not in older 
ones when Aβ plaques were already deposited (160). A study on 
double mutant mice [Ttpa(-/-)APPsw] obtained by crossing 
knockout mice [Ttpa(-/-)], with high levels of cerebral oxidative 
stress, with APP transgenic mice (APPsw) showed that plasma Aβ40 
and Aβ42 levels were reduced in mice receiving the α-tocopherol-
supplemented diet (750 mg of α-tocopherol/kg) from weaning to the 
sacrifice (53, 161).

To emphasize the vitamin E protective effects, it is necessary to 
mention the study conducted by Nasri et al., who evaluated the effects 
of supplementation with Tocotrienol Rich Fraction (TRF), on APPswe/
PS1dE9 double transgenic mice, an AD mouse model. After 6 months 
of treatment, an upregulation in Slc24a2 gene expression, which plays 
a neuroprotective role and maintains neuronal plasticity, was observed. 
In support of this, knockout mice for this gene showed deficits in 
motor learning and spatial working memory in the hippocampus. On 
the other hand, Pla2g4a gene, which was downregulated by the 
treatment, is associated with the APP protein expression, which 
induces the aggregation of Aβ in the cortical region (162).

In addition to its effect on Aβ plaques, vitamin E exerted a 
protective action also on pTau. APP transgenic mice that 
overexpressed tau protein at brain level, following a diet with 800 IU/
Kg of α-tocopherol acetate showed a decrease in pTau and improved 
cognitive performance. Different kinases are responsible for this 
hyperphosphorylation including p38 (p-p38). The results show that a 
high level of p-p38 protein is present in the hippocampus of transgenic 
mice, whereas this is not observed in the control group; moreover, this 
difference is not present in the mice cortex. When supplemented with 
vitamin E in the diet, p-p38 levels returned to control values (163).

Regarding the effect on oxidative stress, an interesting evaluation 
was conducted on APOE-deficient mice with a diet supplemented 
with 1% of α-tocopherol. After a 12-months treatment, the 
supplemented mice showed better behavioral performance compared 
to those that received a normal diet. The lipid peroxide and glutathione 
levels remained within normal limits (164). A second study on 
3xTg-AD transgenic mice highlighted that the diet supplemented with 
α-tocopherol mitigated the increase in the levels of GSSG, and lipid 
peroxidation in both the cortex and hippocampus. Also in this case an 
improvement of cognitive function has been detected (165).

Although animal studies have shown that vitamin E has beneficial 
effects on AD pathogenesis, its effectiveness in humans is not clear. Some 
studies have shown benefits when vitamin E was given to AD patients 
[such as the study by Dysken et al. (167, 168) (Table 2)], while others 
have claimed the opposite. Specifically, Lloret et al. observed that some 
AD patients treated with 800 IU/day of vitamin E for 6 months were 
“non-responsive.” In these patients, oxidative stress did not decrease after 
treatment and cognitive function decreased more than in placebo-
treated patients (Table 2) (169). In this case, the authors have 
hypothesized that vitamin E acted as a pro-oxidant molecule. In this 
context, it should be also noted that excessive vitamin E supplement 
increases all-cause mortality, as reported by Miller et al. (170).

In Table 2, the available clinical trials based on vitamin E 
supplementation are reported.

In summary, clinical trials are contrastant reguarding Vitamin E 
treatment. It is likely that only some people (“responding population”) 
may benefit from treatment with the vitamin E.

TABLE 1  Vitamin D-based clinical trials.

Treatment Populations Main results Reference and/or 
NCT number

	•	 100,000 IU/4 weeks Vitamin D3 for 12 weeks 

(study protocol)

	•	 Placebo

Moderate AD patients 

with vitamin D 

deficiency

Not Available (N. A.) NCT01409694 (241)

	•	 800 IU/day Vitamin D (n = 105) for 12 months

	•	 Placebo (n = 105)

AD patients Improvement in cognitive function and decrease in 

Aβ-related biomarkers in elderly patients with AD.

ChiCTR-IIR-16009549 (158)

	•	 50,000 IU/week vitamin D3 for 8 weeks (n = 10)

	•	 Placebo (n = 9)

AD patients with 

vitamin D deficiency

Increase in plasma Aβ, particularly in older adults, 

suggesting decrease in brain Aβ.

(242)

	•	 800 IU/day Vitamin D (n = 93) for 12 months

	•	 Placebo (n = 90)

MCI population Improved cognitive function, reduction in oxidative 

stress, increase in telomere length.

(243)

	•	 1,000 IU/day vitamin D2 (low-dose) for 8 weeks and 

then high-dose D (based on serum 25OHD, 

6,000 IU/day) for 8 weeks (n = 16)

	•	 1,000 IU/day vitamin D2 (low-dose) for 8 weeks and 

then placebo for 8 weeks (n = 15)

Mild or moderate AD 

patients

High-dose vitamin D (6,000 IU/day) provides no 

benefit for cognition or disability over low-dose 

vitamin D in mild–moderate AD patients.

(244)
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4.1.4 Vitamin K
Although a clear correlation between serum and cerebral vitamin 

K levels with progression of AD and cognitive decline has been 
described, to date, no clinical trials have been reported in the scientific 
literature on the effect of vitamin K supplementation on AD. Many 
reviews report that the pleiotropic effects of vitamin K, from the 
neuroinflammation and oxidative stress regulation to the impact on 
comorbidities in the elderly (osteoporosis and CVD), and this could 
justify a clinical trial in AD patients (171, 172).

Several in vitro studies have been carried out to elucidate the impact 
of vitamin K supplementation on neurodegeneration. Hadipour et al. 
showed that treating PC12 cells with vitamin K2 (5–200 μM) reduces 
neuronal death caused by Aβ42 or hydrogen peroxide (H2O2) treatment. 
This treatment decreased the level of apoptotic signaling proteins and 
ROS amount, and increased glutathione concentration. The antioxidant 
and protective activity were linked to the anti-inflammatory effect of 
vitamin K through the p38 MAPK pathway inactivation (173). This 
result is perfectly in line with the study by Huang and colleagues in rat 
astroglia C6 cell lines transfected with APP. They showed that, in addition 
to the antioxidant activity, vitamin K2 could also protect nerve cells from 
Aβ toxicity through activation of the PI3K/Akt/Bad signaling pathway 
and inhibition of caspase-3 mediated apoptosis. Furthermore, the Gas6/
Axl receptor, one of the main modulators of cell survival and 
proliferation, as well as the myelination process (174), appears to be the 
targets of PI3K/Akt/Bad signaling in AD (175).

As confirmation, an AD transgenic Drosophila model was treated 
with vitamin K2 for 28 days and an improved climbing ability, 
prolonged lifespan and decreased Aβ42 levels have been observed. 
Moreover, LC3 and Beclin1 upregulated expression and decreased p62 
level, as autophagy markers in AD flies, have been detected. These 
findings suggested that vitamin K2 can activate autophagy pathways 
contributing to the Aβ brain clearance, thus reducing its neurotoxicity 
(176). In addition, vitamin K2 has been shown to increase ATP levels 
and reduce cognitive decline in isoflurane-exposed FAD5X transgenic 
mice that express Aβ in the brain. After vitamin K treatment (100 mg/
kg/day), they had more synapses and higher levels of ATP in their 
hypothalamus, resulting in cognitive improvement (177). Therefore, 
although existing studies highlight the therapeutic potential of vitamin 
K supplements, further in vivo trials are needed to confirm its efficacy 
and fully understand its therapeutic relevance from a molecular and 
clinical point of view.

In summary, no clinical trial were conducted on vitamin K in AD 
field, although it is neuroprotective in preclinical model, favouring the 
autophagy and Aβ clearance in the brain and counteracting the 
oxidative stress.

4.2 Water-soluble vitamins

4.2.1 Vitamin B1 (thiamine)
Data supporting the link between vitamin B1 deficiency and the 

pathophysiology of AD attracts interest in the possible supplementation 
of this vitamin with therapeutic intent. A study targeting an older adult 
population examined the association between vitamin B1 dietary 
intake and cognitive decline. The results of the examination show a 
significant association between a higher dietary vitamin B1 intake with 
higher processing speed, higher executive function scores and better 
cognitive performance (76). Another study, published by Gibson and 

colleagues, was performed with a daily 600 mg supplement of 
Benfotiamine, the synthetic fat-soluble form of vitamin B1, designed 
to enhance bioavailability and cellular uptake. Researchers evaluated 
the clinical decline primarily by AD Assessment Scale-Cognitive 
Subscale (ADAS-Cog) and secondarily with clinical dementia rating 
(CDR) score and fluorodeoxyglucose (FDG) uptake. The results from 
the study show a 43% non-significant increase of ADAS-Cog in the 
treated group, suggesting a possible reduction in cognitive decline. 
Moreover, the treatment was able to induce a significant 77% lower 
worsening in CDR, with a stronger effect in APOE4 non-carriers. 
Finally, FDG pattern score showed a significant effect after 1 year of 
treatment. Although these results seem promising and indicate that 
oral administration of Benfotiamine is safe, the study is limited by its 
small sample size (34 patients in the benfotiamine group and 36 in the 
placebo group) and short duration (12 months) (178).

In Table 3, the available clinical trials based on vitamin B1 
supplementation are reported.

In summary, Thiamine is tested in clinical trials, recording 
cognitive improvement in AD populations.

4.2.2 Vitamin B2 (riboflavin)
Vitamin B2 intake has been associated with better cognitive 

performance. Regarding its mechanism of action, one main hypothesis 
is that the vitamin increases cognitive performance by reducing oxidative 
stress through its antioxidant properties (179, 180). A cross-sectional 
study with 2,893 participants was published recently. The aim of the 
research was to explore the association between vitamin B2 intake and 
cognitive performance by using different assessment tests. The vitamin 
B2 intake was calculated as the means of two 24 h-dietary recall 
interviews. The results from the study showed a significant association 
between vitamin B2 intake and the cognitive scores which measure the 
ability to immediately recall information as soon as it is presented (Odds 
Ratio = 0.77) if compared to participants with a Vitamin B2 intake below 
the recommended dietary allowance. A higher vitamin B2 intake was 
negatively associated with the risk of low cognitive performance. 
Moreover, the researchers reported that physical activity may modify the 
link between Vitamin B2 and cognitive performance (181). Another 
study published in 2023 by Zhou with older adults has been performed. 
Vitamin B2 intake was classified again as the previous study by data 
coming from two 24 h-period interviews and cognitive evaluation has 
been performed. The results indicate that higher intake of vitamin B2 is 
associated with higher score on each of the used cognitive tests. 
Interestingly if the group with higher vitamin B2 intake is compared to 
the last quartile there is significant 45.1-fold increase in DSST test scores 
(p = 0.004). Further research is needed to assess the causal link between 
increased consumption of food with high vitamin B2 content and 
cognitive performance (182).

In summary, Vitamin B2 is not currently used in clinical trials, but 
dietary interviews point out the direct correlation between this 
vitamin intake and cognitive score.

4.2.3 Vitamin B3 (niacin)
Recent evidence shows the possible use of vitamin B3 in AD 

treatment. In a study 44 participants were randomly assigned to 40 mg 
of statins (lovastatin / simvastatin / pravastatin sodium) per day 
treatment or 1 g of extended-release niacin per day, for 6 weeks. The 
authors measured the 24S-hydroxycholesterol (24S-HC) blood levels 
since recent evidence shows that the serum levels are higher in AD 
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patients (183). 24S-HC represents the major product of cholesterol 
metabolism in the brain, and about 80 % of the 24S-HC can be found 
there. Its levels may be considered a marker for neuronal death because 
it is known to cause release of cholesterol from cellular membranes. 
Moreover, it is demonstrated that brain cholesterol is converted to 
24S-HC, transferred across the BBB and eliminated as bile acids (184, 
185). In the cited study, authors showed that extended-release niacin was 
able to significantly reduce the 24S-HC serum level by 10% and LDL 
cholesterol by 18.1% without lowering the plasma concentration of 
APOE. Also, statin treatments were able to reduce 24S-HC serum level, 

in a higher percentage. In conclusion, authors propose this class of drugs 
as beneficial for AD treatment due to their direct effect on brain 
cholesterol metabolism. Future studies are needed to understand the 
mechanism by which 24S-HC levels are reduced, and to assess if this 
treatment can influence other AD markers as Aβ plaques (183, 186). 
Unfortunately, beyond positive effects on cholesterol metabolism, 
another clinical trial (187) found no improvements in AD-related 
markers in CSF or in cognitive function after the administration of 
3000 mg/day of nicotinamide (ammidic form of niacin) for 48 weeks to 
41 patients (MCI and AD with positive AD biomarkers).

TABLE 2  Vitamin E-based clinical trials.

Treatment Populations Main results Reference 
and/or NCT 
number

	•	 2000 IU/day alpha-tocopherol and placebo 

(n = 152) for 6 months to 4 years,

	•	 Placebo and 20 mg/day of memantine 

(n = 155),

	•	 2000 IU/day alpha-tocopherol and 20 mg/day 

of memantine (n = 154),

	•	 Placebo (n = 152).

Diagnosis of possible or 

probable AD patients

Slower functional decline in α-tocopherol-treated patients. NCT00235716 (167, 

168)

	•	 Placebo and a multivitamin daily (n = 240).

	•	 Vitamin E (2000 IU) and placebo and a 

multivitamin daily (n = 240)

	•	 Placebo and Donepezil (10 mg) and a 

multivitamin daily (n = 240)

MCI patients N.A. NCT00000173 (245)

	•	 2000 IU/day Vitamin E and multivitamin 

once a day for 3 years (n = not found)

	•	 Placebo and Multivitamin once a day 

(n = not found)

Down syndrome with 

concomitant AD 

patients

N.A. NCT00056329

	•	 2000 IU/day Vitamin E for 3 years 

(n = not found)

	•	 Placebo (n = not found)

Down syndrome with 

concomitant AD 

patients

N.A. NCT01594346

	•	 1 g fish oil, 22 mg carotenoids and 15 mg 

vitamin E daily for 12 months (n = 50)

	•	 Placebo (n = 27)

Mild or moderate AD Improved memory and mood. (246)

	•	 800 IU/day vitamin E (n = 19) for 6 months

	•	 Placebo (n = 14)

AD patients At the end of the study, the authors found two groups of patients: 

respondents, where the vitamin E showed a therapeutic effect, and 

non-respondents, where it was ineffective. In the respondent group with 

vitamin E, GSSG levels were lower and the cognitive status was 

maintained. In the “non-respondent” group, vitamin E was not effective 

in preventing oxidative stress, and cognition decreased sharply.

(169)

	•	 2000 IU/day vitamin E (n = 20) for 6 months

	•	 10 mg/day donepezil (n = 20)

Mild to moderately 

severe probable AD 

patients

Worsening neuropsychological test scores in vitamin E-treated 

patients.

(247)

	•	 400 mg/day Vitamin E in for 6 months 

(n = not found)

AD patients Decreased levels of oxidative stress markers. (56, 166)

	•	 2000 IU/day vitamin E for 3 years (n = 257)

	•	 10 mg donepezil daily (n = 253)

	•	 Placebo (n = 259)

AD patients No significant differences in the rate of progression to AD between 

the vitamin E and placebo groups at any time-point.

(250)

	•	 2000 IU/day Vitamin E (n = 15 mild, n = 15 

moderate to severe AD) for 6 months

	•	 Donepezil 10 mg/day (n = 15 mild, n = 15 

moderate to severe AD)

Mild, moderate or severe 

AD patients

Improved neuropsychological tests. (249)
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In summary, vitamin B3 seems to impact the cholesterol 
metabolism, but further studies on classic markers of AD have to be 
conducted to confirm a recent study.

4.2.4 Vitamin B4 (choline)
Choline seems to exert a preventive effect on AD onset. In this 

respect, Poly and collaborators correlated choline dietary intake and 
cognitive function in adult human subjects (188). As corollary, treatment 
with certain choline-containing compounds showed a limited tendency 
in reducing cognitive impairments in human vascular dementias in small 
clinical trials (188, 189). Probably, dietary choline intake may influence 
cognitive function through the effect of PC-containing eicosapentaenoic 
and docosahexaenoic acids, whose levels are known to be reduced in 
brains from AD patients (190). Morena and collaborators demonstrated 
an improvement in cognition and global function in the AD population 
treated with choline alfoscerate after 3 and 6 months (191).

Also, a study published by Dave and coworkers suggests the 
importance of choline intake by diet to reduce AD hallmarks. In the 
study, 3xTg-AD mice that underwent a choline-deficient diet from the 
age of 3 to 12 months, showed a greater deficit with hippocampal 
network and postsynaptic membrane dysregulation, as well as 
inflammation and altered mitochondrial dysfunction (192).

Choline was also associated with a neuroprotective role. High choline 
intake in the perinatal periods protects from neural dysfunction, 
including that coming from aging in many animal models (193–195). 
Intriguingly, choline proved to be an interesting transgenerational 
supplement. The researchers tested the transgenerational beneficial effects 
of choline maternal supplementation (5 g/kg choline chloride) for two 
consecutive generations of AβPP-PS1 mice. The results showed that the 
supplement was able to induce changes in genes related to inflammation, 
neuronal death, histone modifications, and a decrease of brain 
homocysteine level in the hippocampus with the final effect of AD 
pathology reduction (196).

In Table 4, the few available clinical trials based on vitamin B4 
supplementation are reported.

In summary, there are preliminary studies in human and animal 
models which highlight the potential use of vitamin B4 in the AD field.

4.2.5 Vitamin B5 (pantothenic acid)
Despite the importance of this vitamin in both functional and 

structural roles in the brain, and data suggesting its possible 
correlation to AD (95), to our knowledge, no clinical, in vivo or in 
vitro studies have been conducted on supplementation of this vitamin 
in AD context so far.

4.2.6 Vitamins B6 (pyridoxine, pyridoxal, and 
pyridoxamine)

Calderon-Ospina et al., in 2020 showed that daily supplementation 
with this vitamin for longer than 6 months in a dosage >500 mg/day had 
neurological reversible side effects. This toxic dose can lead to necrosis, 
axon degeneration and damage to nerve cell bodies; however, 
interruption of the supplementation allows nerve regeneration (197). In 
a study published by Choi et al., the authors evaluated the effect of 
membrane-free stem cell extract and pyridoxal 5-phosphate treatment 
in Aβ25-35-injected AD mice. They showed that this combination 
significantly downregulated the expression of amyloidogenic-related 
proteins improving learning capabilities (198). This vitamin has 
frequently been used in combination with other B vitamins as discussed 
in detail in the dedicated section below.

4.2.7 Vitamin B7 (biotin)
Although, to our knowledge, a direct link between vitamin B7 and 

AD is missing, its role in neuronal function and energy metabolism 
suggests a possible protective effect. Its antioxidant capacity and 
mitochondrial support may protect neurons from dysfunction (102, 199).

4.2.8 Vitamin B8 (inositols)
Although relatively few studies have explored the role of inositols 

in AD, emerging hypotheses involving brain insulin resistance and 
lipid dysregulation are fueling interest in these compounds as potential 

TABLE 3  Vitamin B1-based clinical trials.

Treatment Populations Main results Referenceand/or 
NCT number

	•	 600 mg/day Benfothiamine for 12 months (n = 34)

	•	 Placebo (n = 36)

Amnestic MCI or mild 

dementia due to AD

Less cognitive decline.

Significant reduction of advanced 

glycation end products (AGE) in blood.

NCT02292238 (178)

	•	 600 mg/day Benfothiamine for 72 weeks

	•	 1200 mg mg/day Benfothiamine

	•	 Placebo (study protocol)

Early AD patients N.A. NCT06223360 (250)

	•	 3 g/day thiamine hydrochloride for 3 months (n = not found)

	•	 Placebo

AD patients Cognitive improvement (251)

	•	 100 mg/day Fursultiamine (n = 8) for 12 weeks AD patients Emotional, intellectual and other mental 

functions improvement.

(252)

	•	 3 g/day Thiamine for 1 year (n = not found)

	•	 Placebo

AD patients with 

dementia

No significant differences between the 

placebo and thiamine groups at any 

point during the study.

(253)

	•	 Sulbutiamine (400 mg/day the first month, and then 600 mg/

day) and Donepezil (5 mg/day the first month, and then 10 mg/

day) (n = 40) for 6 months

	•	 Placebo and Donepezil (n = 43)

Early AD patients Improved daylife activities scores in 

both groups in mild AD patients.

(254)
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therapeutic agents. Among these, D-pinitol and related inositol 
isomers have gained attention for their insulin-sensitizing and 
neuroprotective properties, with potential to improve brain insulin 
signaling and mitigate neurodegeneration (200).

Vitamin B8 has been tested in various clinical and preclinical models 
as a potential AD therapy. For example, scyllo-inositol was evaluated in a 
clinical trial involving 353 participants, completed by 139 participants 
(placebo and treatment groups) over 78 weeks, at doses of 250, 1000, or 
2000 mg/day. Although the 250 mg group showed a non-significant 
increase in brain ventricular volume, CSF levels of Aβ42 were significantly 
reduced (Table 5) (201). In vitro findings by McLaurin and colleagues 
further support the relevance of inositol stereoisomers in AD. These 
compounds stabilize Aβ oligomers and inhibit their toxicity by forming 
non-toxic complexes in PC-12 cells and primary human neuronal cultures 
(202). Conversely, allo-inositol exhibited only a weak inhibitory activity 
against Aβ toxic species in biochemical assays (203). In AD models, Pitt and 
colleagues demonstrated that mature hippocampal neurons responded to 
pinitol (3-O-methyl DCI), glycan INS-2 and D-chiro-inositol (DCI) with 
increased phosphorylation of upstream insulin signaling components. 
Notably, DCI significantly enhanced insulin’s neuroprotective capacity 
against Aβ-induced synaptic degeneration, preserving neuronal integrity 
(204). More recently, Medina-Vera et al. assessed the effects of chronic 
D-pinitol administration (200 mg/kg/day for 18 weeks) in the 5xFAD 
mouse model of AD. The treatment improved cognitive performance, 
reduced hippocampal Aβ deposition, increased expression of insulin-
degrading enzyme (IDE), a key enzyme in Aβ clearance, elevated circulating 
ghrelin and leptin levels, and restored PI3K/Akt insulin signaling (205).

Given their ability to cross the BBB (206, 207) and interfere with 
Aβ aggregation, specific inositol isomers represent promising 
candidates for AD therapy. Ongoing and completed clinical trials 
investigating vitamin B8 supplementation are summarized in Table 5.

In summary, inositols are a class of interesting candidates able to 
impact both the insulin resistance and the Aβ deposition in the brain.

4.2.9 Vitamin B9 (folic acid)
A trial by Chen and co-workers supported the idea that folic acid 

supplements might mitigate AD by reducing inflammation. All AD 

participants (donepezil as basic routine therapy) were randomly 
assigned to the control group or intervention group (1.25 mg/day folic 
acid) for 6 months. The intervention was able to induce a significant 
decrease of both TNF-α mRNA and protein, serum decrease of Aβ40 
(but not the Aβ42), and a decrease of PS1-mRNA. The study concluded 
that folic acid enhanced cognition and reduced inflammatory markers, 
though donepezil’s presence may have influenced the findings (Table 6) 
(208). Nevertheless, the study was for a short duration and the optimal 
dose of folic acid needed to be improved (209). Another trial published 
by Ma et al. in 2015, detected the effects of folic acid supplementation 
on cognitive function in adults with mild cognitive impairments (MCI) 
(159 participants). Folic acid was administered at 400 μg/day for 
6 months by the oral route. Analysis of biomarkers and cognitive 
performance were performed at 3 and 6 months. At 6 months, the 
supplement improved significantly the Full-scale IQ, Digit Span, and 
Block Design. The authors concluded that a longer duration in the 
administration was desirable (210) and the same authors performed a 
second study with a longer treatment period (12 months) of folic acid 
supplementation evaluating the cognitive performance. Patients with 
MCI were assigned to the active group folic acid 400 μg/day or placebo; 
the treatment gave significant improvement in folate, homocysteine, 
Aβ42, peripheral IL-6 and TNF-α concentrations. Moreover, the 
supplement significantly improved cognitive performance and reduced 
inflammatory cytokine levels in the periphery (211). For studies in 
combination with other B vitamins, see the dedicated section below.

In Table 6, the available clinical trials based on vitamin B9 
supplementation are reported.

In summary, vitamin B9 was able to reduce inflammation and 
Aβ-linked markers in clinical trials.

4.2.10 Vitamin B10 (PABA)
PABA derivatives have been used recently for the development of a 

potential cholinesterase inhibitor for AD treatment. In particular, 
Shrivastava and coworkers synthesized a series of PABA derivatives and 
evaluated them in vitro. They showed that the major part of the 
compounds had inhibitory effects against acetylcholinesterase (AChE) 
and butyrylcholinesterase (BChE) enzymes. In vivo experiments in 

TABLE 4  Vitamin B4-based clinical trials.

Treatment Populations Main results Reference and/or 
NCT number

	•	 1200 mg/day Choline alfoscerate (n = 132) for 

6 months

	•	 Placebo (n = 129)

Mild to moderate AD Improvement in cognition and global 

function

(191)

	•	 Choline alfoscerate and Donepezil (n = not found)

	•	 Placebo and Donepezil alone (n = not found)

AD patients with cerebrovascular 

injury

N.A. NCT02648906

	•	 2.2 g/day choline bitartrate for 6 months 

(n = not found)

Pre-symptomatic AD (people 

with increased risk of AD)

N.A. NCT05880849

	•	 1200 mg Choline alfoscerate and Donepezil 5 mg or 

10 mg daily for 48 weeks (recruiting)

	•	 Placebo and Donepezil 5 mg or 10 mg alone,

Diagnosed as a probable AD 

patients

N. A. NCT05383183

	•	 400 mg Choline alfoscerate and Donepezil 10 mg daily 

for 24 weeks (n = not found)

	•	 Donepezil 10 mg, (n = not found)

AD patients with dementia or 

probably AD patients

N. A. NCT03441516

	•	 1200 mg Choline alfoscerate and donepezil (n = 50) 

daily for 24 weeks

	•	 Donepezil alone (n = 50)

AD patients Choline alfoscerate exhibits improvement in 

both cognitive and non-cognitive domains

(255)
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4-5 months old albino strain rats (Charles Foster rats) with these 
compounds exhibited significant reversal of cognitive deficits as amnesia, 
compared to treatment with the standard drug donepezil. Finally, 
authors confirmed that PABA derivatives had AChE inhibition activity 
on specific brain regions such as hypothalamus, hippocampus and 
prefrontal cortex (123). To our knowledge, no clinical trial have been 
conducted on supplementation of this vitamin in AD context so far.

4.2.11 Vitamin B12 (cobalamin)
Rosenberg and Miller were among the first to propose that subtle 

vitamin deficiencies could contribute to neurocognitive decline in 
aging (212). They suggested that incorrect function of OCM may play 
a crucial role in AD etiology and in this context the increase of total 
homocysteine might be the marker of such dysregulation (115, 213). 
The hypothesis has led to increased focus on the B vitamins involved 
in homocysteine metabolism, especially vitamin B12. A trial by 
Dangour et al. in 2015 assessed the effect of Vitamin B12 
supplementation in the context of cognitive function. Participants had 
moderate vitamin B12 deficiency (107–210 pmol/L), and no 
significant cognitive impairment. Participants from the active group 
take 1 mg of vitamin B12 daily for 12 months. The results from this 
study pointed out that there is no beneficial effect on cognitive and 

neurological function for patients who take the supplement (214). 
Many studies involving vitamin B12 have been conducted in 
combination with other B-complex vitamins, yielding more 
pronounced beneficial effects; these findings are discussed in greater 
detail in the dedicated section below.

4.2.12 Vitamin B13 (Orotic acid)
To our knowledge vitamin B13 was used only in combination with 

vitamins such as vitamin B12 and D3, or glycosides (see dedicated 
section below).

4.2.13 Vitamin B15 (Pangamic acid)
Vitamin B15 has presented several problems in the classification 

of compounds indicated under this name. To our knowledge, there are 
no studies that associate its deficiency or supplementation with AD.

4.2.14 Vitamin B17 (amygdalin or laetrile)
To date, only one study has reported a potential direct link between 

vitamin B17 and AD. In 2024, Kalaimathi and colleagues conducted an 
in silico analysis in which amygdalin, along with other phytochemicals 
such as eriocitrin, keracyanin, and amaroswerin, was identified as a 
potential natural inhibitor of BACE1. These compounds exhibited 

TABLE 6  Vitamin B9-based clinical trials.

Treatment Populations Main results Reference and/or NCT 
number

	•	 1.25 mg/day Vitamin B9 + donepezil for 6 months 

(n = 61)

	•	 Donepezil (n = 60)

Newly diagnosed 

patients with mild 

to severe AD

Plasma SAM and SAM/SAH levels were 

significantly higher, while Aβ40, PS1-mRNA, 

and TNF-α-mRNA levels were lower in the 

intervention group than in the control group.

ChiCTR-TRC-13003246 (208)

	•	 400 μg/day vitamin B9 for 6 months (n = 80)

	•	 Conventional treatment (n = 79)

MCI Full-scale IQ, Digit Span, and Block Design 

improved

(210)

	•	 400 μg/day vitamin B9 for 12 months (n = 77)

	•	 Conventional treatment (n = 75)

MCI Full-scale IQ, Digit Span, and Information 

improved. Decrease in peripheral inflammation 

and Aβ42.

(211)

	•	 1 mg/day vitamin B9 and cholinesterase inhibitors 

(n = 23) for 6 months

	•	 Placebo and cholinesterase inhibitors alone (n = 18)

Probable AD 

patients

Improvement of instrumental activities of daily 

living and social behavior scores

(257)

TABLE 5  Vitamin B8-based clinical trials.

Treatment Populations Main results Reference and/or 
NCT number

	•	 250 mg/day Scyllo-inositol (n = 52) for 78 weeks

	•	 1000 mg (n = 15)

	•	 2000 mg (n = 19)

	•	 Placebo (n = 53)

Mild to moderate AD patients Aβ42 was decreased significantly in CSF NCT00568776 (201)

	•	 250 mg/day Scyllo-inositol for 12 weeks 

(n = 157)

	•	 Placebo (n = 157)

AD patients with symptoms of 

agitation and aggression

N.A. NCT01735630

	•	 250 mg/day Scyllo-inositol for further 36 weeks 

to both the previous arms (extension study)

Patients who completed 

NCT01735630 study

Plasma SAM and SAM/SAH levels were 

significantly higher in treated patients, 

while Aβ40, PS1-mRNA, and TNF-α-

mRNA levels were lower.

NCT01766336

	•	 6 mg/day Inositol for 4 weeks (n = 12 cross-over 

placebo trial)

AD patients No significant differences (256)
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superior predicted absorption and distribution profiles compared to the 
synthetic BACE1 inhibitor CNP520, and, notably, did not present the 
hepatotoxic effects associated with the latter. While these computational 
findings support the therapeutic relevance of plant-derived molecules in 
modulating amyloidogenic processes, their efficacy and safety must still 
be confirmed through in vivo experimental validation (215). We did not 
find additional studies directly linking vitamin B17 to AD, but other 
researchers suggest it may play a role in supporting neuronal health. She 
et al., reported a neuroprotective effect of amygdalin together with two 
other glycosides (paeoniflorin and astragaloside IV) in a rat model of 
cerebral ischemia. In particular, 0.128 g/kg dose of glycosides showed 
significant effect in the improvement of neurological dysfunction, 
neuronal damage alleviation, and neuronal pyroptosis inhibition. The 
study also investigates molecular mechanisms that underline this effect, 
finding that the 0.128 g/kg group has a significant inhibition of the 
NLRP3, caspase-1, pro-caspase-1, ASC, and IL-1β expression, which are 
proteins of the NLRP3-induced pyroptosis (216). In a recent second 
paper published in 2025 by Kimura and coworkers, the amygdalin’s 
possible protective role in acute ischemic stroke model has been 
examined. Vitamin B17 was administered intraperitoneally at different 
doses (5 mg/kg, 10 mg/kg and 20 mg/kg) 24 h post-reperfusion for a 
duration of 3 consecutive days. The results showed that amygdalin 
significantly reduced the cerebral infarct volume induced by occluding 
the right middle cerebral artery for 30 min. Moreover, amygdalin was 
able to decrease caspase-9 expression and uncleaved caspase-3 
expression, leading the authors to conclude that it plays a neuroprotective 
role modulating the apoptosis process (217).

In summary, vitamin B17 is not currently used in clinical trials, 
although it seems like interesting candidate to stimulate a 
neuroprotection through the inhibition of pyroptosis and BACE-1.

4.2.15 Vitamin C
Several studies provided evidence to support the therapeutic role 

of vitamin C in AD. In a rat model treated with trimethyltin chloride 
(TMT) to stimulate neurodegenerative damage, vitamin C alone or 
combined with aerobic exercise showed positive results. Rats receiving 
4 mg/Kg vitamin C showed Nrf2 and SOD levels in the hippocampus 
comparable to those of the control group, reversing the decrease 
induced by TMT. PI3K and CAT levels were higher in the group treated 
with both vitamin C and aerobic exercise compared to the TMT-treated 
group (218).

An interesting finding was highlighted by experiments 
conducted on specific AD mouse models that are unable to 
synthesize vitamin C on their own (KO-Tg AD). High-dose vitamin 
C supplementation in these mice reduced Aβ plaque formation in 
the cortex and hippocampus by decreasing BBB damage and 
restoring normal mitochondrial activity (219). An analysis 
conducted on 1953 patients demonstrated that, although BBB 
permeability increases with age, it is higher in AD patients compared 
to healthy individuals. This alteration leads to the typical AD 
vascular issues (220). An interesting result obtained on KO-Tg 
mouse models has shown that supplementation with vitamin C at a 
concentration of 3.3 g/L not only reduced the amount of Aβ in the 
hippocampus and cortex but also decreased the BBB destruction 
(219). These results are further supported by an in vitro study on 
SH-SY5Y Aβ-exposed cells showed that vitamin C pretreatment 
prevented apoptosis as well as cell death, in addition to decreasing 
basal rates of generation of endogenous Aβ (221).

Finally, in the AβPP-PSEN1 mice model, Harrison and colleagues 
have shown that parenteral injections of ascorbic acid improved 
cognitive abilities, despite not improving either oxidative stress levels 
or Aβ aggregation (222). On the other hand, orally administered 
vitamin C reduced ROS and proinflammatory cytokines induced by 
Aβ peptide injections in the hippocampus in rat brains (223).

In summary, vitamin C is not currently used in clinical trial, 
although there is evidence in preclinical models showing that AD 
patients could benefit from a reduction in BBB destruction.

5 Vitamin cocktails in AD patients and 
preclinical models

Up to this point, we have reviewed the dietary importance of 
vitamins and highlighted their various biological effects at the basis 
of their therapeutic potential. On the other hand, we are aware that 
in multifactorial pathologies such as AD, it is quite unlikely that the 
administration of a single vitamin can balance the complex clinical 
feature of the pathology. For this reason, this last section discusses 
the effects of combined vitamin administration, identifying 
perspectives and limitations of these studies.

Regarding the lipophilic vitamins given in combination, only a 
few studies have been carried out. Starting from animal 
experimentation, we must mention the study by Mehrabadi et al., 
which compared the effects of vitamin D3 (1 μg/kg) and vitamin E 
(100 mg/kg) supplementation (alone and in combination) on AD 
Wistar rats (obtained through intra-hippocampal injection of Aβ40). 
They showed that a long-term vitamins E + D3 combined 
administration inhibits oxidative stress by modulating levels of 
malondialdehyde (MDA) and SOD, in a more efficient way than when 
these vitamins are given alone. Moreover, they observed a delay in the 
progression of the pathology and aging of rats, highlighting a decrease 
in neuronal loss and morphological changes (224).

On the other hand, Joshi and colleagues focused on the benefits of 
Vitamin A and E combination in Aβ aggregation, both in vitro and in 
vivo on C. elegans. Specifically, in vitro aggregation tests were carried 
out with a mixture of RA (0-7 molar equivalents (ME)) and 
α-tocopherol (0.15-0.25 ME). Surprisingly, while these two molecules 
alone were able to inhibit the Aβ aggregation in vitro, the combination 
wasn’t effective. As mentioned above (Paragraph 3.1.3), aggregated 
forms of α-tocopherol are able to promote the Aβ aggregation, while 
monomeric forms inhibit it. In the co-presence of vitamin A, even 
monomeric forms lost their protective effect, making the co-treated 
sample perfectly comparable in terms of Aβ aggregation to the 
untreated one. However, the effect was different on the C.elegans AD 
model, where a decrease in Aβ aggregates was observed in RA and 
α-tocopherol co-treated worms, with a corresponding increase in their 
mobility after treatment (28).

So far, there are no studies that describe the combinatory use of 
vitamins A + D in AD patients. Noteworthy, the A + D3 combination 
was studied on lymphoid cells. Vitamins D3 and A have similar 
receptor types. Specifically, the nuclear VDR creates homodimers with 
retinoid X receptor (RXR) and can bind RA, or it heterodimerizes 
with RXR and binds to vitamin D responsive elements (VDREs). That 
means that vitamin D and A can compete for receptor binding, 
neutralizing each other’s effects (225). Indeed, it is also observed that 
an increase in vitamin A intake and high serum retinol levels are 
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linked to an increased risk of bone fracture and frailty, confirming this 
competitive mechanism (1, 226).

The effects of vitamin E (200 mg) supplementation, in combination 
with vitamin C (300 mg), and β-carotene at various concentration 
(16.7, 8.4, 5.6, or 0 mg/day), compared with those of vitamin E alone, 
were evidenced in a study conducted on 276 elderly subjects aged 
between 60 and 75 years. Comparing plasma Aβ levels, a reduction 
(although not significant) was observed in all treatment groups 
compared to the beginning of the trial. However, patients treated with 
vitamin E + C showed lower Aβ plasma levels and improved cognitive 
abilities compared to vitamin E alone-treated ones (227). This result is 
perfectly in line with another prospectic study. The combined 
supplementation of vitamin C + E (whether co-administered with 
other multivitamins or not) had a strong negative correlation with the 
AD incidence. The supplementation of vitamin E alone with 
multivitamins had the same trend on AD incidence but with a smaller 
magnitude than the vitamin combination (228).

Hydrophilic B vitamins attracted considerable interest, as 
evidenced by numerous clinical studies that have tested their use 
in different combinations and timings. In particular, vitamin B9 
is often used in combination with B6 and B12, since they are 
required for homocysteine conversion into methionine (129). 
The efficacy of B vitamin supplementation remains debated, with 
outcomes differing across studies. Among the clinical trials that 
failed to demonstrate cognitive benefits from B vitamin 
supplementation, one by Eussen et al. (229) reported no 
significant improvement after 6 months of treatment with 
vitamin B12 (1 mg/day) and B9 (0.4 mg/day). Similarly, a longer 
18-month trial by Aisen et al. (230) on 340 individuals with mild-
to-moderate AD showed that, although high-dose 
supplementation of B9 (5 mg/day), B6 (25 mg/day), and B12 
(1 mg/day) effectively reduced homocysteine levels by 31%, it 
failed to slow cognitive decline (Table 7). Conversely, several 
studies have reported beneficial effects of B vitamin 
supplementation. For instance, a randomized controlled trial by 
Soininen et al. demonstrated that a 2-year intervention with 
Souvenaid (Fortasyn Connect), a multinutrient formulation 
containing B6, B9, B12, as well as choline (B4), and vitamins C, 
E, and selenium, led to improved memory performance and 
slowed cognitive decline in patients with prodromal AD. While 
B vitamins support homocysteine metabolism, a synergistic effect 
with antioxidant components such as C, E, and selenium may also 
contribute to these positive outcomes (231). Another study 
enrolled 133 individuals with MCI older than 70 years, who 
received either placebo or a daily combination of B9 (0.8 mg), 
B12 (0.5 mg), and B6 (20 mg) for 2 years. Notably, those with 
elevated baseline homocysteine levels (≥11.3 μmol/L) 
experienced a 50% reduction in brain atrophy rate and 
improvements in episodic memory, semantic memory, and 
overall cognition (232–234). A follow-up study on the same 
cohort found that the neuroprotective effect of B vitamin 
supplementation was observed only in participants with high 
plasma omega-3 fatty acid levels (>590 μmol/L). These findings 
suggest a synergistic interaction, where the efficacy of omega-3 
fatty acids in reducing brain atrophy may depend on adequate B 
vitamin status (235). In another trial involving 299 men over 
75 years old, a 2-year supplementation with folate (2 mg), vitamin 
B6 (25 mg), and B12 (400 μg) significantly reduced plasma Aβ40 

levels, suggesting a potential role of B vitamins in modulating 
amyloid metabolism (236). Finally, a study in AD patients 
receiving vitamin B9 (1.2 mg/day) and B12 (50 μg/day) for 
6 months reported significant increases in plasma 
S-adenosylmethionine (SAM) and SAM/SAH ratio, along with 
reductions in serum homocysteine, plasma SAH, and TNF-α 
levels, highlighting the therapeutic potential of this 
approach (209).

Interestingly, vitamin B9 + E combination was evaluated on an 
AD mice model. More specifically, Aβ-injected Swiss mice were 
treated with B9 (25 mg/Kg) + E (250 mg/Kg), or with B9 (50 mg/
Kg) + E (500 mg/Kg) for 14 days. An improvement in spatial memory 
and a reduction in synaptic dysfunction and in the expression of 
neuronal (nNOS) and inducible (iNOS) nitric oxide synthase forms 
was observed. This effect is mainly due to the presence of vitamin E 
that converts NO• to nitrite ester, which is less toxic to neurons, 
causing a decrease in neuronal loss (237). Moreover, the higher dosage 
restored the mitochondrial activity of complexes I, II, and IV. On the 
other hand, these treatments were ineffective on glial cell 
inflammation, suggesting that the protective effect is independent of 
anti-inflammatory features (238). Thus, further studies are mandatory 
to better understand the mechanisms by which the combination of 
folic acid and α-tocopherol acts to prevent neurodegeneration for the 
rational design of new therapeutic approaches.

As mentioned earlier in Section 4.2.12, vitamin B13 has not been 
studied alone, but only in combination with other vitamins, as 
demonstrated in two studies of major interest in the AD context. In 
both papers, vitamin B13 was administered as magnesium orotate and 
although the authors’ attention has focused mainly on magnesium, the 
relevance of orotic acid cannot be excluded. In the first one, Viel and 
co-workers reported the use of a vitamin cocktail in the TgF344-AD 
rat model. The cocktail was composed by magnesium orotate (500 mg/
kg) + benfotiamine (300 mg/kg) + vitamin B9 (10 mg/kg) + B12 
(1 mg/kg) + D3 (75 μg/kg) (B13 + B1 + B9 + B12 + D) and was 
administered daily for 14 days by oral gavage. The researchers reported 
that reduced mitochondrial respiration was fully restored in cocktail 
treated-transgenic rats, while the wild-type rats did not respond to this 
treatment. Moreover, it facilitates the release of hippocampal ACh 
during physiological stimulation. Authors suggested that the 
supplement therapy may be possibly beneficial for cholinergic and 
mitochondrial function in AD (239). In the second paper, the authors 
showed that different combinations of folic acid, magnesium orotate, 
and vitamin B6 have significant effects on glycolysis, Aβ production 
and aggregation in SH-SY5Y-APP695 cells and C. elegans. They showed 
that the combination of magnesium orotate and vitamin B6 
significantly reduced Aβ40 levels in SH-SY5Y-APP695 cells. Authors 
concluded that there are both advantages and disadvantages in single 
or combined administration, but the combination leads to synergic 
effects and enhances positive outcomes (240).

In Table 7, a summary of the available clinical trials based on 
vitamin cocktail supplementation is reported.

In summary, Vitamin C and E supplementation reduces the risk 
of AD onset and provides greater protection than vitamins alone. 
Vitamins B6, B9 and B12 are often used in combination, but to achieve 
tangible results, they must be administered for at least 2 years. The 
Fortasyn Connect formulation contains all five of the above vitamins 
and other ingredients that has achieved excellent results. Additional 
formulations such as A + E, A + D, B9 + E, B13 + B1 + B9 + B12 + D 
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TABLE 7  Vitamin cocktails administered in clinical trials.

Vitamins Treatment Populations Main results Reference and/or 
NCT number

Vitamin D and B9 	•	 1600 IU vitamin D3 and 400 pg vitamin B9 

(n = 133) daily for 24 weeks

	•	 400 pg vitamin B9 only (n = 134)

	•	 Placebo (n = 135)

Early stage of AD 

patients with MCI

Co-treatment did not improve 

cognitive function

(258)

Vitamin E and C 	•	 800 IU Vitamin E, 200 mg vitamin C, and 

600 mg α-lipoic acid daily for 4 months 

(n = 24)

	•	 800 mg Coenzyme Q daily (n = 20)

	•	 Placebo (n = 18)

Patients with mild to 

moderate AD

Aβ42, tau, and P-tau181 levels did not 

change in treated patients. CSF 

isoprostane levels, an oxidative stress 

biomarker, decreased on average by 

19% from baseline to week 16 in the 

treated group but were unchanged in 

the other groups.

NCT00117403 (259)

Vitamin E and C 	•	 400 IU vitamin E and 1000 mg vitamin C, 

daily for 1 month (n = 10)

	•	 400 IU vitamin E alone (n = 10)

Clinically probable AD 

patients

vitamin E + C supplementation 

decreased lipid peroxidation level, 

while vitamin E alone was not 

effective.

(260)

Vitamin B1, B6, B9 

and B12

	•	 50 mg vitamin B1, 50 mg vitamin B6, 5 mg 

vitamin B9, and 0.05 mg vitamin B12 daily 

for 3 months (n = 27)

	•	 No treatment (n = 25)

Patients with AD and 

MCI

Reduced levels of carbonyl proteins (261)

Vitamin B9, B12 	•	 Vitamin B12 (1 mg/day) and B9 (0.4 mg/

day) for 6 months (n = 51)

	•	 Placebo (n = 57)

	•	 Vitamin B12 (1 mg/day) (n = 54)

Older people with mild 

vitamin B-12 deficiency

Any improvement in cognitive 

function

(229)

Vitamin B6, B9, B12

(commercial 

supplement)

	•	 Vitamin B9 (5 mg/day), B12 (0.4 mg/day), 

and B6 (50 mg/day) for 12 months (n = 78)

	•	 Placebo (n = 67)

Patients with MCI No improvement in quality of life, 

cognitive function wasn’t evaluated

(262)

Vitamin B6, B9, B12 	•	 25 mg Vitamin B6, 5 mg vitamin B9 and 

1 mg vitamin B12 daily for 18 months 

(n = 202)

	•	 Placebo (n = 138)

Patients with AD and 

mild or moderate 

cognitive impairment.

The vitamin supplement regimen was 

effective in reducing homocysteine 

levels, but it had no beneficial effect 

on the primary cognitive measure

NCT00056225 (230)

Vitamins B6, B9, B12, 

B4, C, E, and other 

ingredients (fortasyn 

connect, commercial 

supplement)

	•	 1 mg vitamin B6, 0.4 mg vitamin B9, 3 μg 

vitamin B12, 0.4 mg vitamin B4, 40 mg 

vitamin E, 80 mg vitamin C, and Selenium 

(60 μg), EPA (300 mg), DHA (1200 mg), 

phospholipids (106 mg), UMP (625 mg) for 

2 years (n = 120)

	•	 Placebo (n = 125)

Prodromal AD Slowed cognitive decline (231)

Vitamin B6, B9, B12 	•	 0.8 mg Vitamin B9, 20 mg vitamin B6, 

0.5 mg vitamin B12 daily for 24 months 

(n = 85)

	•	 Placebo (n = 83)

Patients with MCI In subjects with high baseline serum 

ω-3 fatty acids, B vitamin treatment 

slowed the mean atrophy rate in the 

brain. B vitamin treatment had no 

significant effect on the rate of 

atrophy among subjects with low 

baseline serum ω-3 fatty acids.

ISRCTN94410159 

(VITACOG study) (232–

234, 235)

Vitamin B6, B9 and 

B12

	•	 2 mg Vitamin B9, 25 mg vitamin B6 and 

400 μg vitamin B12 for 24 months (n = 125)

	•	 Placebo (n = 130)

AD patients B vitamins decreased the Aβ plasma 

level.

(236)

Vitamin B9, B12 	•	 1 mg of methylcobalamin and 5 mg of folic 

acid daily for 24 months (n = not found)

	•	 Placebo (n = not found)

Patients with AD or 

vascular dementia

Improvement in cognitive 

performance and behavioral and 

psychological symptoms of dementia 

in treated patients.

NCT00164970

(Continued)
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have demonstrated interesting effects at the preclinical level, and 
further studies are desirable.

6 Conclusion

Nutrition represents a form of prevention and personal care that 
not only impacts physical appearance and well-being in the short term 
but is likely to slow down disease onset such as neurodegenerative 
diseases. In this review we have presented evidence regarding the close 
link between hypovitaminosis and AD pathology. These may be due 
to dietary problems, either related to malnutrition and intestinal 
diseases or to poor dietary education (such as the Western diet). As 
thorough as we have tried to be in describing all the various known 
hypovitaminosis, we have not considered combinations of 
hypovitaminoses. Doing this would require more population studies, 
which are unfortunately scarce to date.

We have also evaluated the effects that a supplement of 
specific vitamins may produce in AD-related biological systems. 
In our opinion, the studies reported in this review are not the 
solution to the AD problem, but in their own way they provide 
pieces of a tremendously complex puzzle. In this area, we see two 
great limitations: on the one hand, a critical limitation in the use 
of vitamins for AD is that no single vitamin can adequately target 
the numerous contributing factors to its pathogenesis, and on 
the other hand, the short duration of many current studies 
prevents a comprehensive evaluation of their therapeutic impact.

Finally, we evaluated the effects of vitamin combinations as 
prevention and treatment of AD. Indeed, in modern medicine it 
is known that superior efficacy is often achieved by combining 
bioactive molecules in appropriate ratios rather than solely 
increasing their concentration. Unfortunately, at the present 
moment there are very few studies, and more effort is needed in 
this respect, especially with regard to dose-finding of certain 
combinations. In fact, it seems clear that the OCM (managed by 
vitamins B6 + B9 + B12) is crucial for AD and targeting it is one 
of the best strategy so far. Future research should be designed to 
replicate the conditions under which positive effects were 
observed, with a particular focus on long-term interventions. 
Notably, trials reporting improvements in cognitive impairment 

were typically those lasting 2 years. Given the reduced 
neuroplasticity in the brains of AD patients compared to younger 
individuals, it is reasonable to assume that longer treatment 
durations may be required to achieve meaningful therapeutic 
effects. Not surprisingly, the best treatment effects were also seen 
in the early stages of the disease.

Another important aspect that we believe is worth noting is 
the fact that in some of the studies presented, researchers 
identified populations that responded to treatment and those that 
did not. This complicates and broadens the picture, but on the 
other hand, it may require researchers to find new  
factors to consider in the exclusion and inclusion criteria for 
clinical trials.

Finally, we must not forget that AD is not a dysmetabolism that 
can be solved by administering the missing metabolite; it is a 
disease where we have to keep track of everything that is not 
working, and we have to reconstruct a parafunctional pathway. This 
is precisely why a balance of all these factors and metabolites that 
are missed in the AD patient is necessary. The work presented in 
this review is intended as a support for future clinical trials in the 
treatment of AD.
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TABLE 7  (Continued)

Vitamins Treatment Populations Main results Reference and/or 
NCT number

Vitamin B9, B12 and 

E

	•	 Tablet containing 400 μg Vitamin B9, 6 μg 

Vitamin B12, 30 IU α-tocopherol (vitamin 

E); 400 mg SAM, 600 mg N-acetyl cysteine 

and 500 mg Acetyl-L-carnitine taken daily 

for 3, 6, 12 months (n = 49)

	•	 Placebo (n = 34)

Patients with clinical 

diagnosis of AD or MCI

Improved cognitive performance and 

mood/behavior in 1 year-treated 

patients.

NCT01320527 (264, 265)

Vitamin B9, B12 	•	 1.2 mg/day Vitamin B9 and 50 μg/day 

vitamin B12 for 6 months (n = 60)

	•	 Placebo group (n = 60)

Patients clinically 

diagnosed as probable 

AD and in stable 

condition

Supplementation significantly 

increased plasma SAM and SAM/

SAH, and significantly decreased the 

levels of serum Hcy, plasma SAH and 

serum TNF-α.

(209)

All cocktails are intended custom, except those indicated as “commercial supplement.”

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 19 frontiersin.org

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

The author LM declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article 
has been generated by Frontiers with the support of artificial intelligence 
and reasonable efforts have been made to ensure accuracy, including 

review by the authors wherever possible. If you identify any issues, please 
contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fnut.2026.1676497/
full#supplementary-material

References
	1.	2022 Alzheimer’s disease facts and figures. Alzheimers Dement. (2022) 18:700–89. 

doi: 10.1002/alz.12638

	2.	Nasb, M, Tao, W, and Chen, N. Alzheimer’s disease puzzle: delving into pathogenesis 
hypotheses. Int Soc Aging Dis. (2024) 15:43–73. doi: 10.14336/AD.2023.0608

	3.	Breijyeh, Z, and Karaman, R. Comprehensive review on Alzheimer’s disease: causes 
and treatment. Molecules. (2020) 25:5789. doi: 10.3390/molecules25245789

	4.	 Piekut, T, Hurła, M, Banaszek, N, Szejn, P, Dorszewska, J, Kozubski, W, et al. Infectious 
agents and Alzheimer’s disease. J Integr Neurosci. (2022) 21. doi: 10.31083/j.jin2102073

	5.	Zhang, X-X, Tian, Y, Wang, Z-T, Ma, Y-H, Tan, L, and Yu, J-T. The epidemiology 
of Alzheimer’s disease modifiable risk factors and prevention. J Prev Alzheimers Dis. 
(2021) 8:313–21. doi: 10.14283/jpad.2021.15

	6.	Huat, TJ, Camats-Perna, J, Newcombe, EA, Valmas, N, Kitazawa, M, and 
Medeiros, R. Metal toxicity links to Alzheimer’s disease and neuroinflammation. J Mol 
Biol. (2019) 431. doi: 10.1016/j.jmb.2019.01.018

	7.	Ramesh, BN, Rao, TSS, Prakasam, A, Sambamurti, K, and Rao, KSJ. 
Neuronutrition and Alzheimer’s disease. J Alzheimer's Dis. (2010) 19:1312. doi: 
10.3233/JAD-2010-1312

	8.	Solfrizzi, V, Custodero, C, Lozupone, M, Imbimbo, BP, Valiani, V, Agosti, P, et al. 
Relationships of dietary patterns, foods, and micro- and macronutrients with 
Alzheimer’s disease and late-life cognitive disorders: a systematic review. J Alzheimer's 
Dis. (2017) 59:815–49. doi: 10.3233/JAD-170248

	9.	McGrattan, AM, McGuinness, B, McKinley, MC, Kee, F, Passmore, P, Woodside, JV, 
et al. Diet and inflammation in cognitive ageing and Alzheimer’s disease. Curr Nutr Rep. 
(2019) 8:53–65. doi: 10.1007/s13668-019-0271-4

	10.	Power, R, Prado-Cabrero, A, Mulcahy, R, Howard, A, and Nolan, JM. The role of 
nutrition for the aging population: implications for cognition and Alzheimer’s disease. 
Annu Rev Food. (2025):45:30216. doi: 10.1146/annurev-food-030216

	11.	Stefaniak, O, Dobrzyńska, M, Drzymała-Czyż, S, and Przysławski, J. Diet in the 
prevention of Alzheimer’s disease: current knowledge and future research requirements. 
Nutrients. (2022) 14. doi: 10.3390/nu14214564

	12.	Cardoso, B, Cominetti, and Cozzolino. Importance and management of 
micronutrient deficiencies in patients with Alzheimer&amp;rsquo;s disease. Clin Interv 
Aging. (2013) 8:531–42. doi: 10.2147/CIA.S27983

	13.	Gillette-Guyonnet, S, Nourhashémi, F, Andrieu, S, de Glisezinski, I, Ousset, PJ, 
Rivière, D, et al. Weight loss in Alzheimer disease. Am J Clin Nutr. (2000) 71:637S–42S. 
doi: 10.1093/ajcn/71.2.637s

	14.	Orywal, K, Socha, K, Iwaniuk, P, Kaczyński, P, Farhan, JA, Zoń, W, et al. Vitamins 
in the prevention and support therapy of neurodegenerative diseases. Int J Mol Sci. 
(2025) 26:1333. doi: 10.3390/ijms26031333

	15.	Varesi, A, Carrara, A, Pires, VG, Floris, V, Pierella, E, Savioli, G, et al. Blood-based 
biomarkers for Alzheimer’s disease diagnosis and progression: an overview. Cells. (2022) 
11:1367. doi: 10.3390/cells11081367

	16.	Gil Martínez, V, Avedillo Salas, A, and Santander Ballestín, S. Vitamin supplementation 
and dementia: A systematic review. Nutrients. (2022) 14:1033. doi: 10.3390/nu14051033

	17.	McEldrew, E. P., Lopez, M. J., and Milstein, H., (2025). Vitamin A. 2025 Feb 19. In: 
StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing.

	18.	Sultana, OF, Hia, RA, and Reddy, PH. A combinational therapy for preventing and 
delaying the onset of Alzheimer’s disease: A focus on probiotic and vitamin co-
supplementation. Antioxidants. (2024) 13:202. doi: 10.3390/antiox13020202

	19.	Marwaha, S, Agarwal, R, Tripathi, M, and Tripathi, S. Unlocking the vitamin 
puzzle: investigating levels in people with Alzheimer’s disease versus healthy controls 
through systematic review and network Meta-analysis. J Hum Nutr Diet. (2025) 
38:e70007. doi: 10.1111/jhn.70007

	20.	Corcoran, JPT, Po, LS, and Maden, M. Disruption of the retinoid signalling 
pathway causes a deposition of amyloid β in the adult rat brain. Eur J Neurosci. (2004) 
20:896–902. doi: 10.1111/j.1460-9568.2004.03563.x

	21.	Marie, A, Kinet, R, Helbling, JC, Darricau, M, Alfos, S, di Miceli, M, et al. Impact 
of dietary vitamin A on striatal function in adult rats. FASEB J. (2023) 37:e23037. doi: 
10.1096/fj.202300133R

	22.	Wołoszynowska-Fraser, MU, Kouchmeshky, A, and Mccaffery, P. Annual review 
of nutrition vitamin A and retinoic acid in cognition and cognitive disease (2025) 44:50. 
doi: 10.1146/annurev-nutr-122319,

	23.	Almaguer, J, Hindle, A, and Lawrence, JJ. The contribution of hippocampal all-
trans retinoic acid (ATRA) deficiency to Alzheimer’s disease: A narrative overview of 
ATRA-dependent gene expression in post-mortem hippocampal tissue. Antioxidants. 
(2023) 12:1921. doi: 10.3390/antiox12111921

	24.	Lee, H-P, Casadesus, G, Zhu, X, Lee, HG, Perry, G, Smith, MA, et al. All- trans 
retinoic acid as a novel therapeutic strategy for Alzheimer’s disease. Expert Rev 
Neurother. (2009) 9:1615–21. doi: 10.1586/ern.09.86

	25.	Nguyen, NL, Hoang, TX, and Kim, JY. All-trans retinoic acid-induced cell 
surface heat shock protein 90 mediates tau protein internalization and degradation 
in human microglia. Mol Neurobiol. (2025) 62:742–55. doi: 10.1007/
s12035-024-04295-1

	26.	Okusha, Y, Lang, BJ, Murshid, A, Borges, TJ, Holton, KM, Clark-Matott, J, 
et al. Publisher correction: extracellular Hsp90α stimulates a unique innate gene 
profile in microglial cells with simultaneous activation of Nrf2 and protection from 
oxidative stress. Cell Stress Chaperones. (2022) 27:479–83. doi: 10.1007/
s12192-022-01285-x

	27.	Chen, B-W, Zhang, K-W, Chen, S-J, Yang, C, and Li, P-G. Vitamin A deficiency 
exacerbates gut microbiota Dysbiosis and cognitive deficits in amyloid precursor protein/
Presenilin 1 transgenic mice. Front Aging Neurosci. (2021) 13:753351. doi: 10.3389/
fnagi.2021.753351

	28.	Joshi, P, Chia, S, Yang, X, Perni, M, Gabriel, JM, Gilmer, M, et al. 
Combinations of vitamin A and vitamin E metabolites confer resilience against 
amyloid-β aggregation. ACS Chem Neurosci. (2023) 14:657–66. doi: 10.1021/
acschemneuro.2c00523

	29.	Zeng, J, Li, T, Gong, M, Jiang, W, Yang, T, Chen, J, et al. Marginal vitamin A 
deficiency exacerbates memory deficits following A?1-42 injection in rats. Curr 
Alzheimer Res. (2017) 14:562–70. doi: 10.2174/1567205013666161223162110

	30.	Burns-Whitmore, B, Froyen, E, and Isom, K. Vitamin D and calcium—an 
overview, review of metabolism, and the importance of co-supplementation. Dietetics. 
(2024) 3:588–608. doi: 10.3390/dietetics3040040

	31.	Shi, Y, Shi, Y, Jie, R, He, J, Luo, Z, and Li, J. Vitamin D: the crucial neuroprotective factor 
for nerve cells. Neuroscience. (2024) 560:272–85. doi: 10.1016/j.neuroscience.2024.09.042

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2026.1676497/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2026.1676497/full#supplementary-material
https://doi.org/10.1002/alz.12638
https://doi.org/10.14336/AD.2023.0608
https://doi.org/10.3390/molecules25245789
https://doi.org/10.31083/j.jin2102073
https://doi.org/10.14283/jpad.2021.15
https://doi.org/10.1016/j.jmb.2019.01.018
https://doi.org/10.3233/JAD-2010-1312
https://doi.org/10.3233/JAD-170248
https://doi.org/10.1007/s13668-019-0271-4
https://doi.org/10.1146/annurev-food-030216
https://doi.org/10.3390/nu14214564
https://doi.org/10.2147/CIA.S27983
https://doi.org/10.1093/ajcn/71.2.637s
https://doi.org/10.3390/ijms26031333
https://doi.org/10.3390/cells11081367
https://doi.org/10.3390/nu14051033
https://doi.org/10.3390/antiox13020202
https://doi.org/10.1111/jhn.70007
https://doi.org/10.1111/j.1460-9568.2004.03563.x
https://doi.org/10.1096/fj.202300133R
https://doi.org/10.1146/annurev-nutr-122319
https://doi.org/10.3390/antiox12111921
https://doi.org/10.1586/ern.09.86
https://doi.org/10.1007/s12035-024-04295-1
https://doi.org/10.1007/s12035-024-04295-1
https://doi.org/10.1007/s12192-022-01285-x
https://doi.org/10.1007/s12192-022-01285-x
https://doi.org/10.3389/fnagi.2021.753351
https://doi.org/10.3389/fnagi.2021.753351
https://doi.org/10.1021/acschemneuro.2c00523
https://doi.org/10.1021/acschemneuro.2c00523
https://doi.org/10.2174/1567205013666161223162110
https://doi.org/10.3390/dietetics3040040
https://doi.org/10.1016/j.neuroscience.2024.09.042


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 20 frontiersin.org

	32.	Wang, W, Li, Y, and Meng, X. Vitamin D and neurodegenerative diseases. Heliyon. 
(2023) 9:e12877. doi: 10.1016/j.heliyon.2023.e12877

	33.	Josiane, Tatiani, Francielle, Michelle, and Alexandra. The involvement of BDNF, 
NGF and GDNF in aging and Alzheimer’s disease. Aging Dis. (2015) 6:331. doi: 
10.14336/AD.2015.0825

	34.	Pentz, R, Iulita, MF, Ducatenzeiler, A, Bennett, DA, and Cuello, AC. The human 
brain NGF metabolic pathway is impaired in the pre-clinical and clinical continuum of 
Alzheimers disease. Mol Psychiatry. (2021) 26:6023–37. doi: 10.1038/s41380-020-0797-2

	35.	Gao, L, Zhang, Y, Sterling, K, and Song, W. Brain-derived neurotrophic factor in 
Alzheimer’s disease and its pharmaceutical potential. Transl Neurodegener. (2022) 11:4. 
doi: 10.1186/s40035-022-00279-0

	36.	Sharif, M, Noroozian, M, and Hashemian, F. Do serum GDNF levels correlate with 
severity of Alzheimer’s disease? Neurol Sci. (2021) 42:2865–72. doi: 10.1007/
s10072-020-04909-1

	37.	Gombart, AF, Michels, AJ, and Eggersdorfer, M. There is no evidence that vitamin 
D supplementation drives the progression of Alzheimer’s disease. Aging Cell. (2023) 
22:13758. doi: 10.1111/acel.13758

	38.	Olsson, E, Byberg, L, Karlström, B, Cederholm, T, Melhus, H, Sjögren, P, et al. Vitamin 
D is not associated with incident dementia or cognitive impairment: an 18-y follow-up study 
in community-living old men. Am J Clin Nutr. (2017) 105. doi: 10.3945/ajcn.116.141531

	39.	Kung Sutherland, M, Somerville, MJ, Yoong, LKK, Bergeron, C, Haussler, MR, and 
Crapper McLachlan, DR. Reduction of vitamin D hormone receptor mRNA levels in 
Alzheimer as compared to Huntington hippocampus: correlation with calbindin-28k 
mRNA levels. Mol Brain Res. (1992) 13:239–50. doi: 10.1016/0169-328X(92)90032-7

	40.	Pike, JW, and Meyer, MB. The vitamin D receptor: new paradigms for the 
regulation of gene expression by 1,25-dihydroxyvitamin D3. Endocrinol Metab Clin N 
Am. (2010) 39:7. doi: 10.1016/j.ecl.2010.02.007

	41.	Chen, LJ, Sha, S, Stocker, H, Brenner, H, and Schöttker, B. The associations of 
serum vitamin D status and vitamin D supplements use with all-cause dementia, 
Alzheimer’s disease, and vascular dementia: a UK biobank based prospective cohort 
study. Am J Clin Nutr. (2024) 119:1052–64. doi: 10.1016/j.ajcnut.2024.01.020

	42.	Pinzon, RT, Handayani, T, Wijaya, VO, and Buana, RB. Low vitamin D serum 
levels as risk factor of Alzheimer’s disease: a systematic review and meta-analysis. Egypt 
J Neurol Psychiatry Neurosurg. (2023) 59. doi: 10.1186/s41983-023-00676-w

	43.	Li, Y, Shen, Q, Chen, C, Yin, X, Wang, X, Yang, X, et al. A synergistic effect of 
secondhand smoke with vitamin D deficiency on cognitive impairment in older adults: 
a cross sectional study. Front Nutr. (2025) 12:1533193. doi: 10.3389/fnut.2025.1533193

	44.	Chai, B, Gao, F, Wu, R, Dong, T, Gu, C, Lin, Q, et al. Vitamin d deficiency as a risk 
factor for dementia and alzheimer’s disease: an updated meta-analysis. BMC Neurol. 
(2019) 19. doi: 10.1186/s12883-019-1500-6

	45.	Ma, LZ, Ma, YH, Ou, YN, Chen, SD, Yang, L, Dong, Q, et al. Time spent in outdoor 
light is associated with the risk of dementia: a prospective cohort study of 362094 
participants. BMC Med. (2022) 20. doi: 10.1186/s12916-022-02331-2

	46.	Guo, J, Mo, H, Zuo, L, and Zhang, X. Association of physical activity and vitamin 
D deficiency with cognitive impairment in older adults: a population based cross-
sectional analysis. Front Nutr. (2024) 11:1390903. doi: 10.3389/fnut.2024.1390903

	47.	Peh, HY, Tan, WSD, Liao, W, and Wong, WSF. Vitamin E therapy beyond cancer: 
tocopherol versus tocotrienol. Pharmacol Ther. (2016) 162:3. doi: 10.1016/j.
pharmthera.2015.12.003

	48.	Regner-Nelke, L, Nelke, C, Schroeter, CB, Dziewas, R, Warnecke, T, Ruck, T, et al. 
Enjoy carefully: the multifaceted role of vitamin e in neuro-nutrition. Int J Mol Sci. 
(2021) 22:10087. doi: 10.3390/ijms221810087

	49.	Kumar, RR, Singh, L, Thakur, A, Singh, S, and Kumar, B. Role of vitamins in 
neurodegenerative diseases: a review. CNS Neurol Disord Drug Targets. (2021) 
21:766–73. doi: 10.2174/1871527320666211119122150

	50.	Lewis, JE, Poles, J, Shaw, DP, Karhu, E, Khan, SA, Lyons, AE, et al. The effects of 
twenty-one nutrients and phytonutrients on cognitive function: a narrative review. J Clin 
Transl Res. (2021) 7:575–620.

	51.	Fasae, KD, Abolaji, AO, Faloye, TR, Odunsi, AY, Oyetayo, BO, Enya, JI, et al. 
Metallobiology and therapeutic chelation of biometals (copper, zinc and iron) in 
Alzheimer’s disease: limitations, and current and future perspectives. J Trace Elem Med 
Biol. (2021) 67:126779. doi: 10.1016/j.jtemb.2021.126779

	52.	Ekeuku, S. O., Mohd Murshid, N., Shukri, S. N., Mohd Sahardi, N. F. N., and 
Makpol, S. Effect of vitamin E on transcriptomic alterations in Alzheimer’s disease 2023 
Multidisciplinary Digital Publishing Institute (MDPI) doi: 10.3390/ijms241512372 Int 
J Mol Sci 24,:12372.

	53.	Nishida, Y, Ito, S, Ohtsuki, S, Yamamoto, N, Takahashi, T, Iwata, N, et al. Depletion 
of vitamin E increases amyloid β accumulation by decreasing its clearances from brain 
and blood in a mouse model of Alzheimer disease. J Biol Chem. (2009) 284:33400–8. 
doi: 10.1074/jbc.M109.054056

	54.	Nishida, Y, Yokota, T, Takahashi, T, Uchihara, T, Jishage, K, and Mizusawa, H. 
Deletion of vitamin E enhances phenotype of Alzheimer disease model  
mouse. Biochem Biophys Res Commun. (2006) 350:530–6. doi: 10.1016/j.
bbrc.2006.09.083

	55.	Casati, M, Boccardi, V, Ferri, E, Bertagnoli, L, Bastiani, P, Ciccone, S, et al. Vitamin 
E and Alzheimer’s disease: the mediating role of cellular aging. Aging Clin Exp Res. 
(2020) 32:459–64. doi: 10.1007/s40520-019-01209-3

	56.	Guan, J-Z, Guan, W-P, Maeda, T, and Makino, N. Effect of vitamin E 
administration on the elevated oxygen stress and the Telomeric and Subtelomeric status 
in Alzheimer’s disease. Gerontology. (2012) 58:62–9. doi: 10.1159/000327821

	57.	Xiao, H, Chen, J, Duan, L, and Li, S. Role of emerging vitamin K-dependent 
proteins: growth arrest-specific protein 6, Gla-rich protein and periostin (review). Int J 
Mol Med. (2021) 47:4835. doi: 10.3892/ijmm.2020.4835

	58.	Aydin, N, Ouliass, B, Ferland, G, and Hafizi, S. Modification of Gas6 protein in the 
brain by a functional endogenous tissue vitamin K cycle. Cells. (2024) 13:873. doi: 
10.3390/cells13100873

	59.	Che Mat, MF, Abdul Murad, NA, Ibrahim, K, Mohd Mokhtar, N, Wan Ngah, WZ, 
Harun, R, et al. Silencing of PROS1 induces apoptosis and inhibits migration and invasion 
of glioblastoma multiforme cells. Int J Oncol. (2016) 49:2359–66. doi: 10.3892/ijo.2016.3755

	60.	Li, M, Ye, J, Zhao, G, Hong, G, Hu, X, Cao, K, et al. Gas6 attenuates 
lipopolysaccharide-induced TNF-α expression and apoptosis in H9C2 cells through 
NF-κB and MAPK inhibition via the Axl/PI3K/Akt pathway. Int J Mol Med. (2019) 
44:982–94. doi: 10.3892/ijmm.2019.4275

	61.	Denisova, NA, and Booth, SL. Vitamin K and sphingolipid metabolism: evidence 
to date. Nutr Rev. (2005) 63:111–21. doi: 10.1111/j.1753-4887.2005.tb00129.x

	62.	Ferland, G. Vitamin K and the nervous system: an overview of its actions. Adv 
Nutr. (2012) 3:204–12. doi: 10.3945/an.111.001784

	63.	Mishima, E, Ito, J, Wu, Z, Nakamura, T, Wahida, A, Doll, S, et al. A non-canonical 
vitamin K cycle is a potent ferroptosis suppressor. Nature. (2022) 608:778–83. doi: 
10.1038/s41586-022-05022-3

	64.	Allison, AC. The possible role of vitamin K deficiency in the pathogenesis of 
Alzheimer’s disease and in augmenting brain damage associated with cardiovascular 
disease. Med Hypotheses. (2001) 57:151–5. doi: 10.1054/mehy.2001.1307

	65.	Kohlmeier, M, Salomon, A, Saupe, J, and Shearer, MJ. Transport of vitamin K to 
bone in humans. J Nutr. (1996) 126:1192. doi: 10.1093/jn/126.suppl_4.1192s

	66.	Ji, Y, Liu, M, Huo, YR, Liu, S, Shi, Z, Wisniewski, T, et al. Apolipoprotein E ε4 
frequency is increased among Chinese patients with frontotemporal dementia and 
Alzheimer’s disease. Dement Geriatr Cogn Disord. (2013) 36. doi: 10.1159/000350872

	67.	Presse, N, Belleville, S, Gaudreau, P, Greenwood, CE, Kergoat, MJ, Morais, JA, et al. 
Vitamin K status and cognitive function in healthy older adults. Neurobiol Aging. (2013) 
34:2777–83. doi: 10.1016/j.neurobiolaging.2013.05.031

	68.	Tamadon-Nejad, S, Ouliass, B, Rochford, J, and Ferland, G. Vitamin K deficiency 
induced by warfarin is associated with cognitive and behavioral perturbations, and 
alterations in brain sphingolipids in rats. Front Aging Neurosci. (2018) 10:213. doi: 
10.3389/fnagi.2018.00213

	69.	Kennedy, DO. B vitamins and the brain: mechanisms, dose and efficacy—a review. 
Nutrients. (2016) 8:68. doi: 10.3390/nu8020068

	70.	Depeint, F, Bruce, WR, Shangari, N, Mehta, R, and O’Brien, PJ. Mitochondrial 
function and toxicity: role of the B vitamin family on mitochondrial energy metabolism. 
Chem Biol Interact. (2006) 163. doi: 10.1016/j.cbi.2006.04.014

	71.	Calderón-Ospina, CA, and Nava-Mesa, MO. B vitamins in the nervous system: 
current knowledge of the biochemical modes of action and synergies of thiamine, 
pyridoxine, and cobalamin. CNS Neurosci Ther. (2020) 26:13207. doi: 10.1111/cns.13207

	72.	Rapala-Kozik, M. Vitamin b 1 (thiamine). A cofactor for enzymes involved in the 
main metabolic pathways and an environmental stress protectant. Adv Bot Res. (2011) 
58. doi: 10.1016/B978-0-12-386479-6.00004-4

	73.	Todd, KG, and Butterworth, RF. Mechanisms of selective neuronal cell death due 
to thiamine deficiency. Ann N Y Acad Sci. (1999) 893:404–411. doi: 
10.1111/j.1749-6632.1999.tb07866.x

	74.	Giguère, JF, and Butterworth, RF. Activities of thiamine-dependent enzymes in 
two experimental models of thiamine deficiency encephalopathy: 3. Transketolase. 
Neurochem Res. (1987) 12:305–10. doi: 10.1007/BF00972141

	75.	Tardy, AL, Pouteau, E, Marquez, D, Yilmaz, C, and Scholey, A. Vitamins and 
minerals for energy, fatigue and cognition: a narrative review of the biochemical and 
clinical evidence. Nutrients. (2020) 12:228. doi: 10.3390/nu12010228

	76.	Jia, W, Wang, H, Li, C, Shi, J, Yong, F, and Jia, H. Association between dietary 
vitamin B1 intake and cognitive function among older adults: a cross-sectional study. J 
Transl Med. (2024) 22. doi: 10.1186/s12967-024-04969-3

	77.	Karuppagounder, SS, Xu, H, Shi, Q, Chen, LH, Pedrini, S, Pechman, D, et al. 
Thiamine deficiency induces oxidative stress and exacerbates the plaque pathology in 
Alzheimer’s mouse model. Neurobiol Aging. (2009) 30:1587–600. doi: 10.1016/j.
neurobiolaging.2007.12.013

	78.	Szutowicz, A, Bielarczyk, H, Gul, S, Ronowska, A, Pawełczyk, T, and 
Jankowska-Kulawy, A. Phenotype-dependent susceptibility of cholinergic neuroblastoma 
cells to neurotoxic inputs. Metab Brain Dis. (2006) 21:149–61. doi: 10.1007/
s11011-006-9007-4

	79.	Keverne, J, and Ray, M. Neurochemistry of Alzheimer’s disease. Psychiatry. (2008) 
7:6. doi: 10.1016/j.mppsy.2007.11.006

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.heliyon.2023.e12877
https://doi.org/10.14336/AD.2015.0825
https://doi.org/10.1038/s41380-020-0797-2
https://doi.org/10.1186/s40035-022-00279-0
https://doi.org/10.1007/s10072-020-04909-1
https://doi.org/10.1007/s10072-020-04909-1
https://doi.org/10.1111/acel.13758
https://doi.org/10.3945/ajcn.116.141531
https://doi.org/10.1016/0169-328X(92)90032-7
https://doi.org/10.1016/j.ecl.2010.02.007
https://doi.org/10.1016/j.ajcnut.2024.01.020
https://doi.org/10.1186/s41983-023-00676-w
https://doi.org/10.3389/fnut.2025.1533193
https://doi.org/10.1186/s12883-019-1500-6
https://doi.org/10.1186/s12916-022-02331-2
https://doi.org/10.3389/fnut.2024.1390903
https://doi.org/10.1016/j.pharmthera.2015.12.003
https://doi.org/10.1016/j.pharmthera.2015.12.003
https://doi.org/10.3390/ijms221810087
https://doi.org/10.2174/1871527320666211119122150
https://doi.org/10.1016/j.jtemb.2021.126779
https://doi.org/10.3390/ijms241512372
https://doi.org/10.1074/jbc.M109.054056
https://doi.org/10.1016/j.bbrc.2006.09.083
https://doi.org/10.1016/j.bbrc.2006.09.083
https://doi.org/10.1007/s40520-019-01209-3
https://doi.org/10.1159/000327821
https://doi.org/10.3892/ijmm.2020.4835
https://doi.org/10.3390/cells13100873
https://doi.org/10.3892/ijo.2016.3755
https://doi.org/10.3892/ijmm.2019.4275
https://doi.org/10.1111/j.1753-4887.2005.tb00129.x
https://doi.org/10.3945/an.111.001784
https://doi.org/10.1038/s41586-022-05022-3
https://doi.org/10.1054/mehy.2001.1307
https://doi.org/10.1093/jn/126.suppl_4.1192s
https://doi.org/10.1159/000350872
https://doi.org/10.1016/j.neurobiolaging.2013.05.031
https://doi.org/10.3389/fnagi.2018.00213
https://doi.org/10.3390/nu8020068
https://doi.org/10.1016/j.cbi.2006.04.014
https://doi.org/10.1111/cns.13207
https://doi.org/10.1016/B978-0-12-386479-6.00004-4
https://doi.org/10.1111/j.1749-6632.1999.tb07866.x
https://doi.org/10.1007/BF00972141
https://doi.org/10.3390/nu12010228
https://doi.org/10.1186/s12967-024-04969-3
https://doi.org/10.1016/j.neurobiolaging.2007.12.013
https://doi.org/10.1016/j.neurobiolaging.2007.12.013
https://doi.org/10.1007/s11011-006-9007-4
https://doi.org/10.1007/s11011-006-9007-4
https://doi.org/10.1016/j.mppsy.2007.11.006


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 21 frontiersin.org

	80.	Qian, T, Zhao, L, Pan, X, Sang, S, Xu, Y, Wang, C, et al. Association between blood 
biochemical factors contributing to cognitive decline and B vitamins in patients with 
Alzheimer’s disease. Front Nutr. (2022) 9:823573. doi: 10.3389/fnut.2022.823573

	81.	Wang, C, Fei, G, Pan, X, Sang, S, Wang, L, Zhong, C, et al. High thiamine 
diphosphate level as a protective factor for Alzheimer’s disease. Neurol Res. (2018) 
40:658–65. doi: 10.1080/01616412.2018.1460704

	82.	Suwannasom, N, Kao, I, Pruß, A, Georgieva, R, and Bäumler, H. Riboflavin: the 
health benefits of a forgotten natural vitamin. Int J Mol Sci. (2020) 21:950. doi: 10.3390/
ijms21030950

	83.	Fila, M, Chojnacki, C, Chojnacki, J, and Blasiak, J. Nutrients to improve 
mitochondrial function to reduce brain energy deficit and oxidative stress in migraine. 
Nutrients. (2021) 13:4433. doi: 10.3390/nu13124433

	84.	Flynn, A, Moreiras, O, Stehle, P, Fletcher, RJ, Müller, DJG, and Rolland, V. Vitamins 
and minerals: a model for safe addition to foods. Eur J Nutr. (2003) 42:118–130. doi: 
10.1007/s00394-003-0391-9

	85.	Liu, XX, Wu, P-F, Liu, Y-Z, Jiang, Y-L, Wan, M-D, Xiao, X-W, et al. Association 
between serum vitamins and the risk of Alzheimer’s disease in Chinese population. J 
Alzheimer's Dis. (2022) 85:5104. doi: 10.3233/JAD-215104

	86.	Morris, MC, Evans, DA, Bienias, JL, Scherr, PA, Tangney, CC, Hebert, LE, et al. 
Dietary niacin and the risk of incident Alzheimer’s disease and of cognitive decline. J 
Neurol Neurosurg Psychiatry. (2004) 75:1093–9. doi: 10.1136/jnnp.2003.025858

	87.	Klimova, N, and Kristian, T. Multi-targeted effect of nicotinamide mononucleotide 
on brain bioenergetic metabolism. Neurochem Res. (2019) 44:2280–7. doi: 10.1007/
s11064-019-02729-0

	88.	Braidy, N, and Liu, Y. Can nicotinamide riboside protect against cognitive 
impairment? Curr Opin Clin Nutr Metab Care. (2020) 23:691. doi: 10.1097/
MCO.0000000000000691

	89.	Campbell, JM. Supplementation with NAD+ and its precursors to prevent 
cognitive decline across disease contexts. Nutrients. (2022) 14:3231. doi: 10.3390/
nu14153231

	90.	Tayebati, SK, and Amenta, F. Choline-containing phospholipids: relevance to brain 
functional pathways. Clin Chem Lab Med. (2013) 51:513–21. doi: 10.1515/
cclm-2012-0559

	91.	Nitsch, R, Pittas, A, Blusztajn, JK, Slack, BE, Growdon, JH, and Wurtman, RJ. 
Alterations of phospholipid metabolites in postmortem brain from patients with 
Alzheimer’s disease. Ann N Y Acad Sci. (1991) 640:110–3. doi: 10.1111/j.1749-6632.1991.
tb00200.x

	92.	Song, J, da Costa, KA, Fischer, LM, Kohlmeier, M, Kwock, L, Wang, S, et al. 
Polymorphism of the PEMT gene and susceptibility to nonalcoholic fatty liver disease 
(NAFLD). FASEB J. (2005) 19:1266–71. doi: 10.1096/fj.04-3580com

	93.	Bi, XH, Zhao, HL, Zhang, ZX, and Zhang, JW. PEMT G523A (V175M) is 
associated with sporadic Alzheimer’s disease in a Chinese population. J Mol Neurosci. 
(2012) 46:505–8. doi: 10.1007/s12031-011-9630-3

	94.	Theodoulou, FL, Sibon, OCM, Jackowski, S, and Gout, I. Coenzyme A and its 
derivatives: renaissance of a textbook classic. Biochem Soc Trans. (2014) 42:1025–32. doi: 
10.1042/BST20140176

	95.	Xu, J, Patassini, S, Begley, P, Church, S, Waldvogel, HJ, Faull, RLM, et al. Cerebral 
deficiency of vitamin B5 (D-pantothenic acid; pantothenate) as a potentially-reversible 
cause of neurodegeneration and dementia in sporadic Alzheimer’s disease. Biochem 
Biophys Res Commun. (2020) 527:676–81. doi: 10.1016/j.bbrc.2020.05.015

	96.	Oppici, E, Fargue, S, Reid, ES, Mills, PB, Clayton, PT, Danpure, CJ, et al. 
Pyridoxamine and pyridoxal are more effective than pyridoxine in rescuing 
folding-defective variants of human alanine: Glyoxylate aminotransferase causing 
primary hyperoxaluria type I. Hum Mol Genet. (2015) 24:5500–11. doi: 10.1093/
hmg/ddv276

	97.	Stover, P. J., and Field, M. S. (2015). Vitamin B-61. 6:132–3. doi: 10.3945/
an.113.005207

	98.	Baltrusch, S. The role of neurotropic B vitamins in nerve regeneration. Biomed Res 
Int. (2021) 2021:8228. doi: 10.1155/2021/9968228

	99.	Dalto, DB, and Matte, JJ. Pyridoxine (vitamin B6) and the glutathione peroxidase 
system; a link between one-carbon metabolism and antioxidation. MDPI AG. (2017) 
1:189. doi: 10.3390/nu9030189

	100.	Zuin, M, Cervellati, C, Brombo, G, Trentini, A, Roncon, L, and Zuliani, G. 
Elevated blood homocysteine and risk of Alzheimer’s dementia: an updated systematic 
review and Meta-analysis based on prospective studies. J Prev Alzheimers Dis. (2021) 
8:329–34. doi: 10.14283/jpad.2021.7

	101.	Nielsen, JE, Maltesen, RG, Havelund, JF, Færgeman, NJ, Gotfredsen, CH, 
Vestergård, K, et al. Characterising Alzheimer’s disease through integrative NMR- and 
LC-MS-based metabolomics. Metabol Open. (2021) 12:125. doi: 10.1016/j.
metop.2021.100125

	102.	León-Del-Río, A. Biotin in metabolism, gene expression, and human disease. J 
Inherit Metab Dis. (2019) 42:12073. doi: 10.1002/jimd.12073

	103.	Xia, B, Pang, L, Zhuang, Z x, and Liu, J j. Biotin-mediated epigenetic 
modifications: potential defense against the carcinogenicity of benzo[a]pyrene. Toxicol 
Lett. (2016) 241:10. doi: 10.1016/j.toxlet.2015.11.010

	104.	Karachaliou, C-E, and Livaniou, E. Biotin homeostasis and human disorders: 
recent findings and perspectives. Int J Mol Sci. (2024) 25:6578. doi: 10.3390/
ijms25126578

	105.	McCarty, MF, and DiNicolantonio, JJ. Neuroprotective potential of high-dose 
biotin. Med Hypotheses. (2017) 109:145–9. doi: 10.1016/j.mehy.2017.10.012

	106.	Sedel, F, Bernard, D, Mock, DM, and Tourbah, A. Targeting demyelination and 
virtual hypoxia with high-dose biotin as a treatment for progressive multiple sclerosis. 
Neuropharmacology. (2016) 110:28. doi: 10.1016/j.neuropharm.2015.08.028

	107.	Fisher, SK, Novak, JE, and Agranoff, BW. Inositol and higher inositol phosphates 
in neural tissues: homeostasis, metabolism and functional significance. J Neurochem. 
(2002) 82. doi: 10.1046/j.1471-4159.2002.01041.x

	108.	Hipps, PP, Holland, WH, and Sherman, WR. Interconversion of myo- and scyllo-
inositol with simultaneous formation of neo-inositol by an NADP+ dependent 
epimerase from bovine brain. Biochem Biophys Res Commun. (1977) 77:340–6. doi: 
10.1016/S0006-291X(77)80202-7

	109.	López-Gambero, AJ, Sanjuan, C, Serrano-Castro, PJ, Suárez, J, and De 
Fonseca, FR. The biomedical uses of inositols: a nutraceutical approach to metabolic 
dysfunction in aging and neurodegenerative diseases. Biomedicine. (2020) 8:295. doi: 
10.3390/BIOMEDICINES8090295

	110.	Merrell, B. J., and McMurry, J. P., (2023). Folic Acid. 2023 Aug 8. In: StatPearls 
[Internet]. Treasure Island (FL): StatPearls Publishing; 2025.

	111.	Bennett, C, Green, J, Ciancio, M, Goral, J, Pitstick, L, Pytynia, M, et al. Dietary 
folic acid deficiency impacts hippocampal morphology and cortical acetylcholine 
metabolism in adult male and female mice. Nutr Neurosci. (2022) 25:2057–65. doi: 
10.1080/1028415X.2021.1932242

	112.	Menezo, Y, Elder, K, Clement, A, and Clement, P. Folic acid, folinic acid, 5 methyl 
tetraHydroFolate supplementation for mutations that affect epigenesis through the folate 
and one-carbon cycles. Biomolecules. (2022) 12:197. doi: 10.3390/biom12020197

	113.	Ho, PI, Ashline, D, Dhitavat, S, Ortiz, D, Collins, SC, Shea, TB, et al. Folate 
deprivation induces neurodegeneration: roles of oxidative stress and increased 
homocysteine. Neurobiol Dis. (2003) 14:32–42. doi: 10.1016/S0969-9961(03)00070-6

	114.	Zheng, M, Zhang, M, Yang, J, Zhao, S, Qin, S, Chen, H, et al. Relationship 
between blood levels of methyl donor and folate and mild cognitive impairment in 
Chinese patients with type 2 diabetes: A case-control study. J Clin Biochem Nutr. (2014) 
54:122–8. doi: 10.3164/jcbn.13-89

	115.	Smith, AD. The worldwide challenge of the dementias: a role for B vitamins and 
homocysteine? Food Nutr Bull. (2008) 29:119. doi: 10.1177/15648265080292s119

	116.	Zhang, J, Yue, D, and Zhang, H. Cardiovascular disease attenuates the protective 
effect of folate on global cognitive function in an elderly population: a cross-sectional 
study. Sci Rep. (2025) 15:3327. doi: 10.1038/s41598-025-87129-x

	117.	Andlid, TA, D’Aimmo, MR, and Jastrebova, J. Folate and Bifidobacteria In: The 
Bifidobacteria and related organisms: Biology, taxonomy, applications (2018), accademic 
press (USA) Editors: Paola Mattarelli, Bruno Biavati, Wilhelm H. Holzapfel, Brian J.B. Wood.

	118.	Al-Rubaie, AZ, Al-Jadaan, SAS, Abd Al-Wahed, AT, and Raadah, IA. Synthesis, 
characterization and biological studies of some new organometallic compounds 
containing mercury, selenium and tellurium based on p-aminobenzoic acid. J Phys Conf 
Ser. (2021). doi: 10.1088/1742-6596/2063/1/012003

	119.	 Pierrel, F, Hamelin, O, Douki, T, Kieffer-Jaquinod, S, Mühlenhoff, U, Ozeir, M, et al. 
Involvement of mitochondrial ferredoxin and Para-aminobenzoic acid in yeast coenzyme q 
biosynthesis. Chem Biol. (2010) 17:449–59. doi: 10.1016/j.chembiol.2010.03.014

	120.	Meir, Z, and Osherov, N. Vitamin biosynthesis as an antifungal target. J Fungi. 
(2018) 4:72. doi: 10.3390/jof4020072

	121.	Haroon, F, Farwa, U, Arif, M, Raza, MA, Sandhu, ZA, El Oirdi, M, et al. Novel 
Para-Aminobenzoic acid analogs and their potential therapeutic applications. 
Biomedicine. (2023) 11:2686. doi: 10.3390/biomedicines11102686

	122.	Kluczyk, A, Popek, T, Kiyota, T, de Macedo, P, Stefanowicz, P, Lazar, C, et al. Drug 
evolution: p-aminobenzoic acid as a building block. Curr Med Chem. (2012) 9:8872. doi: 
10.2174/0929867023368872

	123.	Shrivastava, SK, Sinha, SK, Srivastava, P, Tripathi, PN, Sharma, P, Tripathi, MK, 
et al. Design and development of novel p-aminobenzoic acid derivatives as potential 
cholinesterase inhibitors for the treatment of Alzheimer’s disease. Bioorg Chem. (2019) 
82:211–23. doi: 10.1016/j.bioorg.2018.10.009

	124.	Lee, C-Y, Chan, L, Hu, C-J, Hong, C-T, and Chen, J-H. Role of vitamin B12 and 
folic acid in treatment of Alzheimer’s disease: a meta-analysis of randomized control 
trials. Aging. (2024) 16:7856–69. doi: 10.18632/aging.205788

	125.	Birch, CS, Brasch, NE, McCaddon, A, and Williams, JHH. A novel role for 
vitamin B12: cobalamins are intracellular antioxidants in vitro. Free Radic Biol Med. 
(2009) 47:184–8. doi: 10.1016/j.freeradbiomed.2009.04.023

	126.	Theiss, EL, Griebsch, LV, Lauer, AA, Janitschke, D, Erhardt, VKJ, Haas, EC, et al. 
Vitamin B12 attenuates changes in phospholipid levels related to oxidative stress in SH-
SY5Y cells. Cells. (2022) 11:2574. doi: 10.3390/cells11162574

	127.	Cecchetti, L, Cecchetti, L, Lettieri, G, Handjaras, G, Leo, A, Ricciardi, E, et al. 
Brain hemodynamic intermediate phenotype links vitamin B12 to cognitive profile of 
healthy and mild cognitive impaired subjects. Neural Plast. (2019) 2019:4805. doi: 
10.1155/2019/6874805

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3389/fnut.2022.823573
https://doi.org/10.1080/01616412.2018.1460704
https://doi.org/10.3390/ijms21030950
https://doi.org/10.3390/ijms21030950
https://doi.org/10.3390/nu13124433
https://doi.org/10.1007/s00394-003-0391-9
https://doi.org/10.3233/JAD-215104
https://doi.org/10.1136/jnnp.2003.025858
https://doi.org/10.1007/s11064-019-02729-0
https://doi.org/10.1007/s11064-019-02729-0
https://doi.org/10.1097/MCO.0000000000000691
https://doi.org/10.1097/MCO.0000000000000691
https://doi.org/10.3390/nu14153231
https://doi.org/10.3390/nu14153231
https://doi.org/10.1515/cclm-2012-0559
https://doi.org/10.1515/cclm-2012-0559
https://doi.org/10.1111/j.1749-6632.1991.tb00200.x
https://doi.org/10.1111/j.1749-6632.1991.tb00200.x
https://doi.org/10.1096/fj.04-3580com
https://doi.org/10.1007/s12031-011-9630-3
https://doi.org/10.1042/BST20140176
https://doi.org/10.1016/j.bbrc.2020.05.015
https://doi.org/10.1093/hmg/ddv276
https://doi.org/10.1093/hmg/ddv276
https://doi.org/10.3945/an.113.005207
https://doi.org/10.3945/an.113.005207
https://doi.org/10.1155/2021/9968228
https://doi.org/10.3390/nu9030189
https://doi.org/10.14283/jpad.2021.7
https://doi.org/10.1016/j.metop.2021.100125
https://doi.org/10.1016/j.metop.2021.100125
https://doi.org/10.1002/jimd.12073
https://doi.org/10.1016/j.toxlet.2015.11.010
https://doi.org/10.3390/ijms25126578
https://doi.org/10.3390/ijms25126578
https://doi.org/10.1016/j.mehy.2017.10.012
https://doi.org/10.1016/j.neuropharm.2015.08.028
https://doi.org/10.1046/j.1471-4159.2002.01041.x
https://doi.org/10.1016/S0006-291X(77)80202-7
https://doi.org/10.3390/BIOMEDICINES8090295
https://doi.org/10.1080/1028415X.2021.1932242
https://doi.org/10.3390/biom12020197
https://doi.org/10.1016/S0969-9961(03)00070-6
https://doi.org/10.3164/jcbn.13-89
https://doi.org/10.1177/15648265080292s119
https://doi.org/10.1038/s41598-025-87129-x
https://doi.org/10.1088/1742-6596/2063/1/012003
https://doi.org/10.1016/j.chembiol.2010.03.014
https://doi.org/10.3390/jof4020072
https://doi.org/10.3390/biomedicines11102686
https://doi.org/10.2174/0929867023368872
https://doi.org/10.1016/j.bioorg.2018.10.009
https://doi.org/10.18632/aging.205788
https://doi.org/10.1016/j.freeradbiomed.2009.04.023
https://doi.org/10.3390/cells11162574
https://doi.org/10.1155/2019/6874805


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 22 frontiersin.org

	128.	Green, R, Allen, LH, Bjørke-Monsen, A-L, Brito, A, Guéant, J-L, Miller, JW, et al. 
Correction: vitamin B12 deficiency. Nat Rev Dis Primers. (2017) 3:54. doi: 10.1038/
nrdp.2017.54

	129.	 Hooshmand, B, Solomon, A, Kåreholt, I, Leiviskä, J, Rusanen, M, Ahtiluoto, S, et al. 
Homocysteine and holotranscobalamin and the risk of Alzheimer disease: A longitudinal 
study. Neurology. (2010) 75:1408–14. doi: 10.1212/WNL.0b013e3181f88162

	130.	El-Mezayen, NS, Abd el Moneim, RA, and El-Rewini, SH. Vitamin B12 as a 
cholinergic system modulator and blood brain barrier integrity restorer in Alzheimer’s 
disease. Eur J Pharm Sci. (2022) 174:106201. doi: 10.1016/j.ejps.2022.106201

	131.	Connolly, GP, and Duley, JA. Uridine and its nucleotides: biological actions, 
therapeutic potentials. Trends Pharmacol Sci. (1999) 20:218–225. doi: 10.1016/
S0165-6147(99)01298-5

	132.	Löffler, M, Carrey, EA, and Zameitat, E. Orotic acid, more than just an 
intermediate of pyrimidine de novo synthesis. J Genet Genomics. (2015) 42:1. doi: 
10.1016/j.jgg.2015.04.001

	133.	von Kügelgen, I. Pharmacological profiles of cloned mammalian P2Y-receptor 
subtypes. Pharmacol Ther. (2006) 110:14. doi: 10.1016/j.pharmthera.2005.08.014

	134.	Pesini, A, Iglesias, E, Bayona-Bafaluy, MP, Garrido-Pérez, N, Meade, P, Gaudó, P, 
et al. Brain pyrimidine nucleotide synthesis and Alzheimer disease. Aging. (2019) 
11:8433–62. doi: 10.18632/aging.102328

	135.	Eremenko, NN, Shikh, EV, Serebrova, SY, and Sizova, ZM. Comparative study of 
the bioavailability of magnesium salts. Drug Metab Pers Ther. (2019) 34:3. doi: 10.1515/
dmpt-2019-0004

	136.	Wang, L, Yin, Y-L, Liu, X-Z, Shen, P, Zheng, Y-G, Lan, X-R, et al. Current 
understanding of metal ions in the pathogenesis of Alzheimer’s disease. Transl 
Neurodegener. (2020) 9:10. doi: 10.1186/s40035-020-00189-z

	137.	Schiopu, C, Ștefănescu, G, Diaconescu, S, Bălan, GG, Gimiga, N, Rusu, E, et al. 
Magnesium orotate and the microbiome–gut–brain axis modulation: new approaches 
in psychological comorbidities of gastrointestinal functional disorders. Nutrients. (2022) 
14:1567. doi: 10.3390/nu14081567

	138.	French, WN, and Levi, L. Pangamic acid (vitamin B 15, pangametin, 
sopangamine): its composition and determination in pharmaceutical dosage forms. Can 
Med Assoc J. (1966) 94:1185–7.

	139.	Stacpoole, PW. The pharmacology of dichloroacetate. Metabolism. (1989) 
38:1124–1144. doi: 10.1016/0026-0495(89)90051-6

	140.	Herbert, V. Pangamic acid ('vitamin B15’). Am J Clin Nutr. (1979) 32:1534. doi: 
10.1093/ajcn/32.7.1534

	141.	Toxicity of chronic dichloroacetate. N Engl J Med. (1979) 300:726. doi: 10.1056/
nejm197902153000726

	142.	Munteanu, C, Mârza, SM, and Papuc, I. The immunomodulatory effects of 
vitamins in cancer. Front Immunol. (2024) 15:1464329. doi: 10.3389/fimmu.2024.1464329

	143.	Schneider, D, Helwig, V, Staniek, K, Nohl, H, and Elstner, EF. Studies on the 
chemical identity and biological functions of pangamic acid. Arzneimittelforschung. 
(1999) 49:335–43.

	144.	Abdullah, M., Jamil, R. T., and Attia, F. N., (2025). (Ascorbic Acid). 2023 May 1. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing.

	145.	Hamid, M, Mansoor, S, Amber, S, and Zahid, S. A quantitative meta-analysis of 
vitamin C in the pathophysiology of Alzheimer’s disease. Front Aging Neurosci. (2022) 
14:97023. doi: 10.3389/fnagi.2022.970263

	146.	Moritz, B, Schmitz, AE, Rodrigues, ALS, Dafre, AL, and Cunha, MP. The role of 
vitamin C in stress-related disorders. J Nutr Biochem. (2020) 85:108459. doi: 10.1016/j.
jnutbio.2020.108459

	147.	Dixit, S, Bernardo, A, Walker, JM, Kennard, JA, Kim, GY, Kessler, ES, et al. 
Vitamin C deficiency in the brain impairs cognition, increases amyloid accumulation 
and deposition, and oxidative stress in APP/PSEN1 and normally aging mice. ACS Chem 
Neurosci. (2015) 6:570–81. doi: 10.1021/cn500308h

	148.	Sampaio, I, Quatroni, FD, Pincela Lins, PM, Nascimento, AS, and Zucolotto, V. 
Modulation of beta-amyloid aggregation using ascorbic acid. Biochimie. (2022) 
200:36–43. doi: 10.1016/j.biochi.2022.05.006

	149.	Wang, Z-L, Pang, S-J, Zhang, K-W, Li, P-Y, Li, P-G, and Yang, C. Dietary vitamin 
A modifies the gut microbiota and intestinal tissue transcriptome, impacting intestinal 
permeability and the release of inflammatory factors, thereby influencing Aβ pathology. 
Front Nutr. (2024) 11:1367086. doi: 10.3389/fnut.2024.1367086

	150.	Olson, CR, and Mello, CV. Significance of vitamin A to brain function, behavior 
and learning. Mol Nutr Food Res. (2010) 54:489–95. doi: 10.1002/mnfr.200900246

	151.	Ono, K, and Yamada, M. Vitamin A and Alzheimer’s disease. Geriatr Gerontol 
Int. (2012) 12:180–8. doi: 10.1111/j.1447-0594.2011.00786.x

	152.	Biyong, EF, Tremblay, C, Leclerc, M, Caron, V, Alfos, S, Helbling, JC, et al. Role 
of retinoid X receptors (RXRs) and dietary vitamin A in Alzheimer’s disease: evidence 
from clinicopathological and preclinical studies. Neurobiol Dis. (2021) 161:105542. doi: 
10.1016/j.nbd.2021.105542

	153.	Morello, M, Landel, V, Lacassagne, E, Baranger, K, Annweiler, C, Féron, F, et al. 
Vitamin D improves neurogenesis and cognition in a mouse model of Alzheimer’s 
disease. Mol Neurobiol. (2018) 55:6463–79. doi: 10.1007/s12035-017-0839-1

	154.	Mehri, N, Haddadi, R, Ganji, M, Shahidi, S, Soleimani Asl, S, Taheri 
Azandariani, M, et al. Effects of vitamin D in an animal model of Alzheimer’s disease: 
behavioral assessment with biochemical investigation of Hippocampus and serum. 
Metab Brain Dis. (2020) 35:263–74. doi: 10.1007/s11011-019-00529-7

	155.	Yu, J, Gattoni-Celli, M, Zhu, H, Bhat, NR, Sambamurti, K, Gattoni-Celli, S, et al. 
Vitamin D3-enriched diet correlates with a decrease of amyloid plaques in the brain of 
AβPP transgenic mice. J Alzheimer's Dis. (2011) 25:1986. doi: 10.3233/JAD-2011-101986

	156.	Kalueff, AV, and Tuohimaa, P. Neurosteroid hormone vitamin D and its utility in 
clinical nutrition. Curr Opin Clin Nutr Metab Care. (2007) 10:12–19. doi: 10.1097/
MCO.0b013e328010ca18

	157.	Wassif, GA, Alrehely, MS, Alharbi, DM, and Aljohani, AA. The impact of vitamin 
D on neuropsychiatric disorders. Cureus. (2023) 15:e47716. doi: 10.7759/cureus.47716

	158.	Jia, J, Hu, J, Huo, X, Miao, R, Zhang, Y, and Ma, F. Effects of vitamin D 
supplementation on cognitive function and blood aβ-related biomarkers in older adults 
with Alzheimer’s disease: a randomised, double-blind, placebo-controlled trial. J Neurol 
Neurosurg Psychiatry. (2019) 90:1347–52. doi: 10.1136/jnnp-2018-320199

	159.	Lai, RH, Hsu, CC, Yu, BH, Lo, YR, Hsu, YY, Chen, MH, et al. Vitamin D 
supplementation worsens Alzheimer’s progression: animal model and human cohort 
studies. Aging Cell. (2022) 21:e13670. doi: 10.1111/acel.13670

	160.	Sung, S, Yao, Y, Uryu, K, Yang, H, Lee, VM‐Y, Trojanowski, JQ, et al. Early 
vitamin E supplementation in young but not aged mice reduces aβ levels and amyloid 
deposition in a transgenic model of Alzheimer’s disease. FASEB J. (2004) 18:323–5. doi: 
10.1096/fj.03-0961fje

	161.	Nishida, Y, Ito, S, Ohtsuki, S, Yamamoto, N, Takahashi, T, Iwata, N, et al. 
Depletion of vitamin E increases amyloid β accumulation by decreasing its clearances 
from brain and blood in a mouse model of Alzheimer disease. J Biol Chem. (2009) 
284:33400–8. doi: 10.1074/jbc.M109.054056

	162.	Nasri, WNW, Makpol, S, Mazlan, M, Tooyama, I, Ngah, WZW, and 
Damanhuri, HA. Tocotrienol rich fraction supplementation modulate brain 
hippocampal gene expression in APPswe/PS1dE9 Alzheimer’s disease mouse model. J 
Alzheimer's Dis. (2019) 70:S239–54. doi: 10.3233/JAD-180496

	163.	Giraldo, E, Lloret, A, Fuchsberger, T, and Viña, J. Aβ and tau toxicities in 
Alzheimer’s are linked via oxidative stress-induced p38 activation: protective role of 
vitamin E. Redox Biol. (2014) 2:873–7. doi: 10.1016/j.redox.2014.03.002

	164.	Veinbergs, I, Mallory, M, Sagara, Y, and Masliah, E. Vitamin E supplementation 
prevents spatial learning deficits and dendritic alterations in aged apolipoproteinE-
deficient mice. Eur J Neurosci. (2000) 12:4541–6. doi: 10.1111/j.1460-9568.2000.01308.x

	165.	Ishihara, Y, Itoh, K, Mitsuda, Y, Shimada, T, Kubota, T, Kato, C, et al. Involvement 
of brain oxidation in the cognitive impairment in a triple transgenic mouse model of 
Alzheimer’s disease: noninvasive measurement of the brain redox state by magnetic 
resonance imaging. Free Radic Res. (2013) 47:731–9. doi: 10.3109/10715762.2013.818218

	166.	Klatte, ET, Scharre, DW, Nagaraja, HN, Davis, RA, and Beversdorf, DQ. 
Combination therapy of donepezil and vitamin E in Alzheimer disease. Alzheimer Dis 
Assoc Disord. (2003) 17:113–6. doi: 10.1097/00002093-200304000-00010

	167.	Dysken, MW, Guarino, PD, Vertrees, JE, Asthana, S, Sano, M, Llorente, M, et al. 
Vitamin E and memantine in Alzheimer’s disease: clinical trial methods and baseline 
data. Alzheimers Dement. (2014) 10:36–44. doi: 10.1016/j.jalz.2013.01.014

	168.	Dysken, MW, Sano, M, Asthana, S, Vertrees, JE, Pallaki, M, Llorente, M, et al. 
Effect of vitamin E and memantine on functional decline in Alzheimer disease. JAMA. 
(2014) 311:33. doi: 10.1001/jama.2013.282834

	169.	Lloret, A, Badía, M-C, Mora, NJ, Pallardó, FV, Alonso, M-D, and Viña, J. Vitamin 
E paradox in Alzheimer’s disease: it does not prevent loss of cognition and May even be 
detrimental. J Alzheimer's Dis. (2009) 17:143–9. doi: 10.3233/JAD-2009-1033

	170.	Miller, ER, Pastor-Barriuso, R, Dalal, D, Riemersma, RA, Appel, LJ, and Guallar, E. 
Meta-analysis: high-dosage vitamin E supplementation May increase all-cause mortality. 
Ann Intern Med. (2005) 142:37–46. doi: 10.7326/0003-4819-142-1-200501040-00110

	171.	Grimaldi, L., Cavallaro, R. A., De Angelis, D., Fuso, A., and Sancesario, G. 
Vitamin K properties in stroke and Alzheimer’s disease: a janus bifrons in protection 
and prevention 2025 Multidisciplinary Digital Publishing Institute (MDPI) doi: 10.3390/
molecules30051027 Molecules 30,:1027.

	172.	Popescu, A, and German, M. Vitamin K2 holds promise for Alzheimer’s 
prevention and treatment. Nutrients. (2021) 13:2206:2206. doi: 10.3390/nu13072206

	173.	Hadipour, E, Tayarani-Najaran, Z, and Fereidoni, M. Vitamin K2 protects PC12 
cells against aβ (1-42) and H2O2-induced apoptosis via p38 MAP kinase pathway*. Nutr 
Neurosci. (2020) 23:343–52. doi: 10.1080/1028415X.2018.1504428

	174.	Grommes, C, Lee, CYD, Wilkinson, BL, Jiang, Q, Koenigsknecht-Talboo, JL, 
Varnum, B, et al. Regulation of microglial phagocytosis and inflammatory gene 
expression by Gas6 acting on the Axl/Mer family of tyrosine kinases. J NeuroImmune 
Pharmacol. (2008) 3:130–140. doi: 10.1007/s11481-007-9090-2

	175.	Huang, SH, Fang, ST, and Chen, YC. Molecular mechanism of vitamin k2 
protection against amyloid-β-induced cytotoxicity. Biomolecules. (2021) 11:423. doi: 
10.3390/biom11030423

	176.	 Lin, X, Wen, X, Wei, Z, Guo, K, Shi, F, Huang, T, et al. Vitamin K2 protects against 
Aβ42-induced neurotoxicity by activating autophagy and improving mitochondrial function 
in Drosophila. Neuroreport. (2021) 32:431–7. doi: 10.1097/WNR.0000000000001599

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1038/nrdp.2017.54
https://doi.org/10.1038/nrdp.2017.54
https://doi.org/10.1212/WNL.0b013e3181f88162
https://doi.org/10.1016/j.ejps.2022.106201
https://doi.org/10.1016/S0165-6147(99)01298-5
https://doi.org/10.1016/S0165-6147(99)01298-5
https://doi.org/10.1016/j.jgg.2015.04.001
https://doi.org/10.1016/j.pharmthera.2005.08.014
https://doi.org/10.18632/aging.102328
https://doi.org/10.1515/dmpt-2019-0004
https://doi.org/10.1515/dmpt-2019-0004
https://doi.org/10.1186/s40035-020-00189-z
https://doi.org/10.3390/nu14081567
https://doi.org/10.1016/0026-0495(89)90051-6
https://doi.org/10.1093/ajcn/32.7.1534
https://doi.org/10.1056/nejm197902153000726
https://doi.org/10.1056/nejm197902153000726
https://doi.org/10.3389/fimmu.2024.1464329
https://doi.org/10.3389/fnagi.2022.970263
https://doi.org/10.1016/j.jnutbio.2020.108459
https://doi.org/10.1016/j.jnutbio.2020.108459
https://doi.org/10.1021/cn500308h
https://doi.org/10.1016/j.biochi.2022.05.006
https://doi.org/10.3389/fnut.2024.1367086
https://doi.org/10.1002/mnfr.200900246
https://doi.org/10.1111/j.1447-0594.2011.00786.x
https://doi.org/10.1016/j.nbd.2021.105542
https://doi.org/10.1007/s12035-017-0839-1
https://doi.org/10.1007/s11011-019-00529-7
https://doi.org/10.3233/JAD-2011-101986
https://doi.org/10.1097/MCO.0b013e328010ca18
https://doi.org/10.1097/MCO.0b013e328010ca18
https://doi.org/10.7759/cureus.47716
https://doi.org/10.1136/jnnp-2018-320199
https://doi.org/10.1111/acel.13670
https://doi.org/10.1096/fj.03-0961fje
https://doi.org/10.1074/jbc.M109.054056
https://doi.org/10.3233/JAD-180496
https://doi.org/10.1016/j.redox.2014.03.002
https://doi.org/10.1111/j.1460-9568.2000.01308.x
https://doi.org/10.3109/10715762.2013.818218
https://doi.org/10.1097/00002093-200304000-00010
https://doi.org/10.1016/j.jalz.2013.01.014
https://doi.org/10.1001/jama.2013.282834
https://doi.org/10.3233/JAD-2009-1033
https://doi.org/10.7326/0003-4819-142-1-200501040-00110
https://doi.org/10.3390/molecules30051027
https://doi.org/10.3390/molecules30051027
https://doi.org/10.3390/nu13072206
https://doi.org/10.1080/1028415X.2018.1504428
https://doi.org/10.1007/s11481-007-9090-2
https://doi.org/10.3390/biom11030423
https://doi.org/10.1097/WNR.0000000000001599


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 23 frontiersin.org

	177.	Miao, H, Dong, Y, Zhang, Y, Zheng, H, Shen, Y, Crosby, G, et al. Anesthetic 
isoflurane or Desflurane plus surgery differently affects cognitive function in Alzheimer’s 
disease transgenic mice. Mol Neurobiol. (2018) 55:5623–38. doi: 10.1007/
s12035-017-0787-9

	178.	Gibson, GE, Luchsinger, JA, Cirio, R, Chen, H, Franchino-Elder, J, Hirsch, JA, 
et al. Benfotiamine and cognitive decline in Alzheimer’s disease: results of a randomized 
placebo-controlled phase IIa clinical trial. J Alzheimer's Dis. (2020) 78:989–1010. doi: 
10.3233/JAD-200896

	179.	Porter, KM, Ward, M, Hughes, CF, O'Kane, M, Hoey, L, McCann, A, et al. 
Hyperglycemia and metformin use are associated with B vitamin deficiency and 
cognitive dysfunction in older adults. J Clin Endocrinol Metab. (2019) 104:4837–47. doi: 
10.1210/jc.2018-01791

	180.	Thakur, K, Tomar, SK, Singh, AK, Mandal, S, and Arora, S. Riboflavin and health: 
A review of recent human research. Crit Rev Food Sci Nutr. (2017) 57:3650–60. doi: 
10.1080/10408398.2016.1145104

	181.	Ji, K, Sun, M, Li, L, Hong, Y, Yang, S, and Wu, Y. Association between vitamin B2 
intake and cognitive performance among older adults: a cross-sectional study from 
NHANES. Sci Rep. (2024) 14:21930. doi: 10.1038/s41598-024-72949-0

	182.	 Zhou, L. Association of vitamin B2 intake with cognitive performance in older adults: 
a cross-sectional study. J Transl Med. (2023) 21:870. doi: 10.1186/s12967-023-04749-5

	183.	 Vega, GL, Weiner, MF, Lipton, AM, von Bergmann, K, Lutjohann, D, Moore, C, et al. 
Reduction in levels of 24S-hydroxycholesterol by statin treatment in patients with Alzheimer 
disease. Arch Neurol. (2003) 60:510–5. doi: 10.1001/archneur.60.4.510

	184.	Lütjohann, D, Breuer, O, Ahlborg, G, Nennesmo, I, Sidén, A, Diczfalusy, U, et al. 
Cholesterol homeostasis in human brain: evidence for an age-dependent flux of 
24S-hydroxycholesterol from the brain into the circulation. Proc Natl Acad Sci USA. 
(1996) 93:9799–804. doi: 10.1073/pnas.93.18.9799

	185.	Björkhem, I, Lütjohann, D, Breuer, O, Sakinis, A, and Wennmalm, Å. Importance 
of a novel oxidative mechanism for elimination of brain cholesterol. Turnover of 
cholesterol and 24(S)-hydroxycholesterol in rat brain as measured with 18O2 techniques 
in vivo and in vitro. J Biol Chem. (1997) 272:30178–84. doi: 10.1074/jbc.272.48.30178

	186.	Vega, GL, Weiner, MF, Lipton, AM, von Bergmann, K, Lutjohann, D, Moore, C, 
et al. Reduction in levels of 24S-hydroxycholesterol by statin treatment in patients with 
Alzheimer disease. Arch Neurol. (2003) 60:510–5. doi: 10.1001/archneur.60.4.510

	187.	Grill, JD, Tam, SD, Thai, G, Vides, B, Pierce, AL, Green, K, et al. Phase 2A proof-
of-concept double-blind, randomized, placebo-controlled trial of nicotinamide in early 
Alzheimer disease. Neurology. (2024) 104:152. doi: 10.1212/WNL.0000000000210152

	188.	Poly, C, Massaro, JM, Seshadri, S, Wolf, PA, Cho, E, Krall, E, et al. The relation of 
dietary choline to cognitive performance and white-matter hyperintensity in the 
Framingham offspring cohort. Am J Clin Nutr. (2011) 94:1584–91. doi: 10.3945/
ajcn.110.008938

	189.	Parnetti, L, Mignini, F, Tomassoni, D, Traini, E, and Amenta, F. Cholinergic 
precursors in the treatment of cognitive impairment of vascular origin: ineffective 
approaches or need for re-evaluation? J Neurol Sci. (2007) 257:43. doi: 10.1016/j.
jns.2007.01.043

	190.	Blusztajn, JK, Slack, BE, and Mellott, TJ. Neuroprotective actions of dietary 
choline. Nutrients. (2017) 9:815. doi: 10.3390/nu9080815

	191.	De, M., and Moreno, J. M., (2003). Cognitive improvement in mild to moderate 
Alzheimer’s dementia after treatment with the acetylcholine precursor choline 
Alfoscerate: A multicenter, double-blind, randomized, placebo-controlled trial.

	192.	Dave, N, Judd, JM, Decker, A, Winslow, W, Sarette, P, Villarreal Espinosa, O, et al. 
Dietary choline intake is necessary to prevent systems-wide organ pathology and reduce 
Alzheimer’s disease hallmarks. Aging Cell. (2023) 22:e13775. doi: 10.1111/acel.13775

	193.	Meck, WH, and Williams, CL. Simultaneous temporal processing is sensitive to 
prenatal choline availability in mature and aged rats. Neuroreport. (1997) 8:3045–51. doi: 
10.1097/00001756-199709290-00009

	194.	Meck, WH, and Williams, CL. Metabolic imprinting of choline by its availability 
during gestation: implications for memory and attentional processing across the 
lifespan. Neurosci Biobehav Rev. (2003) 27:385–399. doi: 10.1016/S0149-7634(03)00069-1

	195.	Meck, WH, Williams, CL, Cermak, JM, and Blusztajn, JK. Developmental 
periods of choline sensitivity provide an ontogenetic mechanism for regulating memory 
capacity and age-related dementia. Front Integr Neurosci. (2008) 1:2007. doi: 10.3389/
neuro.07.007.2007

	196.	Velazquez, R, Ferreira, E, Winslow, W, Dave, N, Piras, IS, Naymik, M, et al. 
Maternal choline supplementation ameliorates Alzheimer’s disease pathology by 
reducing brain homocysteine levels across multiple generations. Mol Psychiatry. (2020) 
25:2620–9. doi: 10.1038/s41380-018-0322-z

	197.	Calderon-Ospina, CA, Nava-Mesa, MO, and Paez-Hurtado, AM. Update on 
safety profiles of vitamins B1, B6, and B12: a narrative review. Ther Clin Risk Manag. 
(2020) 16:4122. doi: 10.2147/TCRM.S274122

	198.	Choi, JM, Park, HS, He, MT, Kim, YS, Kim, HY, Lee, AY, et al. Membrane-free 
stem cells and pyridoxal 5′-phosphate synergistically enhance cognitive function in 
Alzheimer’s disease mouse model. Antioxidants. (2022) 11:601. doi: 10.3390/
antiox11030601

	199.	Aissa, M, Lee, S, Bennett, B, and Thatcher, G. Targeting NO/cGMP signaling in 
the CNS for neurodegeneration and Alzheimer’s disease. Curr Med Chem. (2016) 
23:2770–88. doi: 10.2174/0929867323666160812145454

	200.	Medina-Vera, D, López-Gambero, AJ, Navarro, JA, Sanjuan, C, Baixeras, E, 
Decara, J, et al. Novel insights into D-Pinitol based therapies: a link between tau 
hyperphosphorylation and insulin resistance. Neural Regen Res. (2024) 19:289–95. doi: 
10.4103/1673-5374.379015

	201.	Salloway, S, Sperling, R, Keren, R, Porsteinsson, AP, van Dyck, C, Tariot, PN, et al. 
A phase 2 randomized trial of ELND005, scyllo-inositol, in mild to moderate Alzheimer 
disease. Neurology. (2011) 77:1253–62. doi: 10.1212/WNL.0b013e3182309fa5

	202.	McLaurin, JA, Golomb, R, Jurewicz, A, Antel, JP, and Fraser, PE. Inositol 
stereoisomers stabilize an oligomeric aggregate of alzheimer amyloid β peptide and 
inhibit aβ-induced toxicity. J Biol Chem. (2000) 275:18495–502. doi: 10.1074/jbc.
M906994199

	203.	Nitz, M, Fenili, D, Darabie, AA, Wu, L, Cousins, JE, and McLaurin, J. Modulation 
of amyloid-β aggregation and toxicity by inosose stereoisomers. FEBS J. (2008) 
275:1663–74. doi: 10.1111/j.1742-4658.2008.06321.x

	204.	Pitt, J, Thorner, M, Brautigan, D, Larner, J, and Klein, WL. Protection against the 
synaptic targeting and toxicity of Alzheimer’s-associated aβ oligomers by insulin 
mimetic chiro-inositols. FASEB J. (2013) 27:199–207. doi: 10.1096/fj.12-211896

	205.	Medina-Vera, D, López-Gambero, AJ, Verheul-Campos, J, Navarro, JA, Morelli, L, 
Galeano, P, et al. Therapeutic efficacy of the inositol D-Pinitol as a multi-faceted disease 
modifier in the 5×FAD humanized mouse model of Alzheimer’s amyloidosis. Nutrients. 
(2024) 16:4186. doi: 10.3390/nu16234186

	206.	 Cheng, B, Gong, H, Xiao, H, Petersen, RB, Zheng, L, and Huang, K. Inhibiting toxic 
aggregation of amyloidogenic proteins: a therapeutic strategy for protein misfolding diseases. 
Biochim Biophys Acta Gen Subj. (2013) 1830:4860–71. doi: 10.1016/j.bbagen.2013.06.029

	207.	Spector, R. Myo-inositol transport through the blood-brain barrier. Neurochem 
Res. (1988) 13:785–7. doi: 10.1007/BF00971603

	208.	Chen, H, Liu, S, Ji, L, Wu, T, Ji, Y, Zhou, Y, et al. Folic acid supplementation 
mitigates Alzheimer’s disease by reducing inflammation: A randomized controlled trial. 
Mediat Inflamm. (2016) 2016:2146. doi: 10.1155/2016/5912146

	209.	Chen, H, Liu, S, Ge, B, Zhou, D, Li, M, Li, W, et al. Effects of folic acid and 
vitamin B12 supplementation on cognitive impairment and inflammation in patients 
with Alzheimer’s disease: a randomized, single-blinded, placebo-controlled trial. J Prev 
Alzheimers Dis. (2021) 8:22. doi: 10.14283/jpad.2021.22

	210.	Ma, F, Wu, T, Zhao, J, Han, F, Marseglia, A, Liu, H, et al. Effects of 6-month folic 
acid supplementation on cognitive function and blood biomarkers in mild cognitive 
impairment: a randomized controlled trial in China. J Gerontol Ser A Biol Med Sci. 
(2016) 71:183. doi: 10.1093/gerona/glv183

	211.	Ma, F, Wu, T, Zhao, J, Song, A, Liu, H, Xu, W, et al. Folic acid supplementation 
improves cognitive function by reducing the levels of peripheral inflammatory cytokines 
in elderly Chinese subjects with MCI. Sci Rep. (2016) 6. doi: 10.1038/srep37486

	212.	Rosenberg, IH, and Miller, JW. Nutritional factors in physical and cognitive 
functions of elderly people. Am J Clin Nutr. (1992) 55:1237s. doi: 10.1093/ajcn/55.6.1237s

	213.	McCaddon, A, and Kelly, CL. Alzheimer’s disease: A ‘cobalaminergic’ hypothesis. 
Med Hypotheses. (1992) 37:161–5. doi: 10.1016/0306-9877(92)90074-M

	214.	Dangour, AD, Allen, E, Clarke, R, Elbourne, D, Fletcher, AE, Letley, L, et al. 
Effects of vitamin B-12 supplementation on neurologic and cognitive function in older 
people: a randomized controlled trial. Am J Clin Nutr. (2015) 102:110775. doi: 10.3945/
ajcn.115.110775

	215.	Kalaimathi, K, Prabhu, S, Ayyanar, M, Thiruvengadam, M, Shine, K, Vijaya 
Prabhu, S, et al. Unravelling the untapped pharmacological potential of plant molecules 
as inhibitors of BACE1: in silico explorations for Alzheimer’s disease. Appl Biochem 
Biotechnol. (2024) 196:5447–5470. doi: 10.1007/s12010-023-04803-4

	216.	 She, Y, Shao, L, Zhang, Y, Hao, Y, Cai, Y, Cheng, Z, et al. Neuroprotective effect of 
glycosides in Buyang Huanwu decoction on pyroptosis following cerebral ischemia-reperfusion 
injury in rats. J Ethnopharmacol. (2019) 242:112051. doi: 10.1016/j.jep.2019.112051

	217.	Kimura, K, Liu, Y-H, and Hsieh, C-L. Amygdalin’s neuroprotective effects on 
acute ischemic stroke in rats. J Ethnopharmacol. (2025) 345:119621. doi: 10.1016/j.
jep.2025.119621

	218.	 Hashemi, SA, Ghadimi, Z, Ghaedi, H, and Hashemi, A. The effects of eight weeks of 
aerobic training with vitamin C on the expression pathway of antioxidants in the hippocampus 
tissue of TMT induced Alzheimer’s disease rats. Brain Res. (2024) 1822:148645. doi: 10.1016/j.
brainres.2023.148645

	219.	 Kook, S-Y, Lee, KM, Kim, Y, Cha, MY, Kang, S, Baik, SH, et al. High-dose of vitamin 
C supplementation reduces amyloid plaque burden and ameliorates pathological changes in 
the brain of 5XFAD mice. Cell Death Dis. (2014) 5:e1083–3. doi: 10.1038/cddis.2014.26

	220.	Zlokovic, BV. Neurovascular pathways to neurodegeneration in Alzheimer’s 
disease and other disorders. Nat Rev Neurosci. (2011) 12. doi: 10.1038/nrn3114

	221.	Huang, J, and May, JM. Ascorbic acid protects SH-SY5Y neuroblastoma cells 
from apoptosis and death induced by β-amyloid. Brain Res. (2006) 1097:52–8. doi: 
10.1016/j.brainres.2006.04.047

	222.	 Harrison, FE, Hosseini, AH, McDonald, MP, and May, JM. Vitamin C reduces spatial 
learning deficits in middle-aged and very old APP/PSEN1 transgenic and wild-type mice. 
Pharmacol Biochem Behav. (2009) 93:443–50. doi: 10.1016/j.pbb.2009.06.006

	223.	Rosales-Corral, S, Tan, D‐X, Reiter, RJ, Valdivia‐Velázquez, M, Martínez‐
Barboza, G, Pablo Acosta‐Martínez, J, et al. Orally administered melatonin reduces 
oxidative stress and proinflammatory cytokines induced by amyloid- β peptide in rat 

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s12035-017-0787-9
https://doi.org/10.1007/s12035-017-0787-9
https://doi.org/10.3233/JAD-200896
https://doi.org/10.1210/jc.2018-01791
https://doi.org/10.1080/10408398.2016.1145104
https://doi.org/10.1038/s41598-024-72949-0
https://doi.org/10.1186/s12967-023-04749-5
https://doi.org/10.1001/archneur.60.4.510
https://doi.org/10.1073/pnas.93.18.9799
https://doi.org/10.1074/jbc.272.48.30178
https://doi.org/10.1001/archneur.60.4.510
https://doi.org/10.1212/WNL.0000000000210152
https://doi.org/10.3945/ajcn.110.008938
https://doi.org/10.3945/ajcn.110.008938
https://doi.org/10.1016/j.jns.2007.01.043
https://doi.org/10.1016/j.jns.2007.01.043
https://doi.org/10.3390/nu9080815
https://doi.org/10.1111/acel.13775
https://doi.org/10.1097/00001756-199709290-00009
https://doi.org/10.1016/S0149-7634(03)00069-1
https://doi.org/10.3389/neuro.07.007.2007
https://doi.org/10.3389/neuro.07.007.2007
https://doi.org/10.1038/s41380-018-0322-z
https://doi.org/10.2147/TCRM.S274122
https://doi.org/10.3390/antiox11030601
https://doi.org/10.3390/antiox11030601
https://doi.org/10.2174/0929867323666160812145454
https://doi.org/10.4103/1673-5374.379015
https://doi.org/10.1212/WNL.0b013e3182309fa5
https://doi.org/10.1074/jbc.M906994199
https://doi.org/10.1074/jbc.M906994199
https://doi.org/10.1111/j.1742-4658.2008.06321.x
https://doi.org/10.1096/fj.12-211896
https://doi.org/10.3390/nu16234186
https://doi.org/10.1016/j.bbagen.2013.06.029
https://doi.org/10.1007/BF00971603
https://doi.org/10.1155/2016/5912146
https://doi.org/10.14283/jpad.2021.22
https://doi.org/10.1093/gerona/glv183
https://doi.org/10.1038/srep37486
https://doi.org/10.1093/ajcn/55.6.1237s
https://doi.org/10.1016/0306-9877(92)90074-M
https://doi.org/10.3945/ajcn.115.110775
https://doi.org/10.3945/ajcn.115.110775
https://doi.org/10.1007/s12010-023-04803-4
https://doi.org/10.1016/j.jep.2019.112051
https://doi.org/10.1016/j.jep.2025.119621
https://doi.org/10.1016/j.jep.2025.119621
https://doi.org/10.1016/j.brainres.2023.148645
https://doi.org/10.1016/j.brainres.2023.148645
https://doi.org/10.1038/cddis.2014.26
https://doi.org/10.1038/nrn3114
https://doi.org/10.1016/j.brainres.2006.04.047
https://doi.org/10.1016/j.pbb.2009.06.006


Miteva et al.� 10.3389/fnut.2026.1676497

Frontiers in Nutrition 24 frontiersin.org

brain: a comparative, in vivo study versus vitamin C and E. J Pineal Res. (2003) 35:80–4. 
doi: 10.1034/j.1600-079X.2003.00057.x

	224.	Mehrabadi, S, and Sadr, SS. Administration of Vitamin D 3 and E supplements 
reduces neuronal loss and oxidative stress in a model of rats with Alzheimer’s disease. 
Neurol Res. (2020) 42:862–8. doi: 10.1080/01616412.2020.1787624

	225.	Džopalić, T, Božić-Nedeljković, B, and Jurišić, V. The role of vitamin A and 
vitamin D in the modulation of the immune response with focus on innate lymphoid 
cells. Central Europ J Immunol. (2021) 46:264–9. doi: 10.5114/ceji.2021.103540

	226.	Lionikaite, V, Gustafsson, KL, Westerlund, A, Windahl, SH, Koskela, A, 
Tuukkanen, J, et al. Clinically relevant doses of vitamin A decrease cortical bone mass 
in mice. J Endocrinol. (2018) 239:389–402. doi: 10.1530/JOE-18-0316

	227.	Li, Y, Liu, S, Man, Y, Li, N, and Zhou, Y. Effects of vitamins E and C combined 
with β carotene on cognitive function in the elderly. Exp Ther Med. (2015) 9:1489–93. 
doi: 10.3892/etm.2015.2274

	228.	Zandi, PP, Anthony, JC, Khachaturian, AS, Stone, SV, Gustafson, D, and 
Tschanz, JT. “Reduced risk of Alzheimer disease in users of antioxidant vitamin 
supplements the Cache County study.” Arch Neurol. (2004) 61:82–8. doi: 10.1001/
archneur.61.1.82

	229.	Eussen, SJ, de Groot, LC, Joosten, LW, Bloo, RJ, Clarke, R, Ueland, PM, et al. 
Effect of oral vitamin B-12 with or without folic acid on cognitive function in older 
people with mild vitamin B-12 deficiency: a randomized, placebo-controlled trial1–3. 
Am J Clin Nutr. (2006) 84:361–70. doi: 10.1093/ajcn/84.1.361

	230.	Aisen, PS. High-dose B vitamin supplementation and cognitive decline in 
Alzheimer disease. JAMA. (2008) 300:1774–83. doi: 10.1001/jama.300.15.1774

	231.	Soininen, H, Solomon, A, Visser, PJ, Hendrix, SB, Blennow, K, Kivipelto, M, et al. 
24-month intervention with a specific multinutrient in people with prodromal 
Alzheimer’s disease (LipiDiDiet): a randomised, double-blind, controlled trial. Lancet 
Neurol. (2017) 16:965–75. doi: 10.1016/S1474-4422(17)30332-0

	232.	de Jager, CA, Oulhaj, A, Jacoby, R, Refsum, H, and Smith, AD. Cognitive and 
clinical outcomes of homocysteine-lowering B-vitamin treatment in mild cognitive 
impairment: a randomized controlled trial. Int J Geriatr Psychiatry. (2012) 27:592–600. 
doi: 10.1002/gps.2758

	233.	Smith, AD, Smith, SM, de Jager, CA, Whitbread, P, Johnston, C, Agacinski, G, 
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:e12244. doi: 10.1371/journal.pone.0012244

	234.	McCleery, J, Abraham, R, Denton, D, Rutjes, A, Chong, L, Al-Assaf, A, et al. 
Vitamin and mineral supplementation for preventing dementia or delaying cognitive 
decline in people with mild cognitive impairment. Cochrane Database Syst Rev. (2018) 
2019. doi: 10.1002/14651858.CD011905.pub2

	235.	Jernerén, F, Elshorbagy, AK, Oulhaj, A, Smith, SM, Refsum, H, and Smith, AD. 
Brain atrophy in cognitively impaired elderly: the importance of long-chain ω-3 fatty 
acids and B vitamin status in a randomized controlled trial. Am J Clin Nutr. (2015) 
102:215–21. doi: 10.3945/ajcn.114.103283

	236.	Flicker, L, Martins, RN, Thomas, J, Acres, J, Taddei, K, Vasikaran, SD, et al. 
B-vitamins reduce plasma levels of beta amyloid. Neurobiol Aging. (2008) 29:303–5. doi: 
10.1016/j.neurobiolaging.2006.10.007

	237.	d’Ischia, M, and Novellino, L. Nitric oxide-induced oxidation of α-tocopherol. 
Bioorg Med Chem. (1996) 4:1747–53. doi: 10.1016/0968-0896(96)00191-5

	238.	Gugliandolo, A, Bramanti, P, and Mazzon, E. Role of vitamin e in the treatment 
of Alzheimer’s disease: evidence from animal models. Int J Mol Sci. (2017) 18:2504. doi: 
10.3390/ijms18122504

	239.	Viel, C, Brandtner, AT, Weißhaar, A, Lehto, A, Fuchs, M, and Klein, J. Effects of 
magnesium orotate, benfotiamine and a combination of vitamins on mitochondrial and 
cholinergic function in the TgF344-AD rat model of Alzheimer’s disease. 
Pharmaceuticals. (2021) 14:1218. doi: 10.3390/ph14121218

	240.	Babylon, L, Schmitt, F, Franke, Y, Hubert, T, and Eckert, GP. Effects of combining 
biofactors on bioenergetic parameters, aβ levels and survival in Alzheimer model 
organisms. Int J Mol Sci. (2022) 23:8670. doi: 10.3390/ijms23158670

	241.	 Annweiler, C, Fantino, B, Parot-Schinkel, E, Thiery, S, Gautier, J, and Beauchet, O. 
Alzheimer’s disease - input of vitamin D with mEmantine assay (AD-IDEA trial): study 
protocol for a randomized controlled trial. Trials. (2011) 12:230. doi: 10.1186/1745-6215-12-230

	242.	Miller, BJ, Whisner, CM, and Johnston, CS. Vitamin D supplementation appears 
to increase plasma Aβ40 in vitamin D insufficient older adults: A pilot randomized 
controlled trial. J Alzheimer's Dis. (2016) 52:843–7. doi: 10.3233/JAD-150901

	243.	Yang, T, Wang, H, Xiong, Y, Chen, C, Duan, K, Jia, J, et al. Vitamin D 
supplementation improves cognitive function through reducing oxidative stress 
regulated by telomere length in older adults with mild cognitive impairment: a 12-month 
randomized controlled trial. J Alzheimer's Dis. (2020) 78:1509–18. doi: 10.3233/
JAD-200926

	244.	Stein, MS, Scherer, SC, Ladd, KS, and Harrison, LC. A randomized controlled 
trial of high-dose vitamin D2 followed by intranasal insulin in Alzheimer’s disease. J 
Alzheimer's Dis. (2011) 26:477–84. doi: 10.3233/JAD-2011-110149

	245.	Grundman, M. Mild cognitive impairment can be distinguished from Alzheimer 
disease and Normal aging for clinical trials. Arch Neurol. (2004) 61:59–66. doi: 10.1001/
archneur.61.1.59

	246.	Nolan, JM, Power, R, Howard, AN, Bergin, P, Roche, W, Prado-Cabrero, A, et al. 
Supplementation with carotenoids, omega-3 fatty acids, and vitamin E has a positive 
effect on the symptoms and progression of Alzheimer’s disease. J Alzheimer's Dis. (2022) 
90:233–49. doi: 10.3233/JAD-220556

	247.	Thomas, A, Iacono, D, Bonanni, L, D’Andreamatteo, G, and Onofrj, M. 
Donepezil, Rivastigmine, and vitamin E in Alzheimer disease: A combined P300 event-
related potentials/Neuropsychologic evaluation over 6 months. Clin Neuropharmacol. 
(2001) 24:31–42. doi: 10.1097/00002826-200101000-00007

	248.	Petersen, RC, Thomas, RG, Grundman, M, Bennett, D, Doody, R, and Ferris, S. 
Alzheimer’s Disease Cooperative Study Group. Vitamin E and donepezil for the 
treatment of mild cognitive impairment. N Engl J Med. (2005) 352:2379–88. doi: 
10.1056/NEJMoa050151

	249.	Onofrj, M, Thomas, A, Luciano, AL, Iacono, D, Di Rollo, A, D'Andreamatteo, G, 
et al. Donepezil versus vitamin E in Alzheimer’s disease part 2: mild versus moderate–
severe Alzheimer’s disease. Clin Neuropharmacol. (2002) 25:207–15. doi: 
10.1097/00002826-200207000-00004

	250.	Feldman, HH, Luchsinger, JA, Léger, GC, Taylor, C, Jacobs, DM, Salmon, DP, 
et al. Protocol for a seamless phase 2A-phase 2B randomized double-blind placebo-
controlled trial to evaluate the safety and efficacy of benfotiamine in patients with early 
Alzheimer’s disease (BenfoTeam). PLoS One. (2024) 19:e0302998. doi: 10.1371/journal.
pone.0302998

	251.	Blass, JP, Gleason, P, Brush, D, Diponte, P, and Thaler, H. Thiamine and 
Alzheimer’s disease: A pilot study. Arch Neurol. (1988) 45:833–5. doi: 10.1001/
archneur.1988.00520320019008

	252.	Mimori, Y, Katsuoka, H, and Nakamura, S. Thiamine therapy in Alzheimer’s 
disease. Metab Brain Dis. (1996) 11. doi: 10.1007/BF02080934

	253.	Black, RS, Sheu, KFR, Langberg, J, Blass, JP, and Nolan, KA. A trial of thiamine 
in Alzheimer’s disease. Arch Neurol. (1991) 48:81–3. doi: 10.1001/
archneur.1991.00530130093025

	254.	Ollat, H, Laurent, B, Bakchine, S, Michel, BF, Touchon, J, and Dubois, B. Effets 
de l’association de la sulbutiamine à un inhibiteur de l’acétylcholinestérase dans les 
formes légères à modérées de la maladie d’Alzheimer. L'Encéphale. (2007) 33:211–5. doi: 
10.1016/S0013-7006(07)91552-3

	255.	Lee, W, and Kim, M. Comparative study of choline alfoscerate as a combination 
therapy with donepezil: A mixed double-blind randomized controlled and open-label 
observation trial. Medicine. (2024) 103:e38067. doi: 10.1097/MD.0000000000038067

	256.	Barak, Y, Levine, J, Glasman, A, Elizur, A, and Belmaker, RH. Inositol treatment 
of Alzheimer’s disease: A double blind, cross-over placebo controlled trial. Prog Neuro-
Psychopharmacol Biol Psychiatry. (1996) 20:729–35. doi: 
10.1016/0278-5846(96)00043-7

	257.	 Connelly, PJ, Prentice, NP, Cousland, G, and Bonham, J. A randomised double-blind 
placebo-controlled trial of folic acid supplementation of cholinesterase inhibitors in 
Alzheimer’s disease. Int J Geriatr Psychiatry. (2008) 23:155–60. doi: 10.1002/gps.1856

	258.	Liu, W, Zheng, D, Li, X, Wang, T, Wang, L, Hao, L, et al. Effects of vitamin D3 
combined with folic acid on domain and specific cognitive function among patients with 
mild cognitive impairment: A randomized clinical trial. J Prev Alzheimers Dis. (2024) 
11:1626–33. doi: 10.14283/jpad.2024.165

	259.	Galasko, DR, Peskind, E, Clark, CM, Quinn, JF, Ringman, JM, Jicha, GA, et al. 
Antioxidants for Alzheimer disease: A randomized clinical trial with cerebrospinal fluid 
biomarker measures. Arch Neurol. (2012) 69:836–41. doi: 10.1001/archneurol.2012.85

	260.	 Kontush, A, Mann, U, Arlt, S, Ujeyl, A, Lührs, C, Müller-Thomsen, T, et al. Influence 
of vitamin E and C supplementation on lipoprotein oxidation in patients with Alzheimer’s 
disease. Free Radic Biol Med. (2001) 31:345–54. doi: 10.1016/S0891-5849(01)00595-0

	261.	Rommer, PS, Fuchs, D, Leblhuber, F, Schroth, R, Greilberger, M, Tafeit, E, et al. 
Lowered levels of carbonyl proteins after vitamin B supplementation in patients with 
mild cognitive impairment and Alzheimer’s disease. Neurodegener Dis. (2016) 16:284–9. 
doi: 10.1159/000441565

	262.	van Uffelen, JGZ, Chin A Paw, MJM, Hopman-Rock, M, and van Mechelen, W. 
The effect of walking and vitamin B supplementation on quality of life in community-
dwelling adults with mild cognitive impairment: a randomized, controlled trial. Qual 
Life Res. (2007) 16:1137–46. doi: 10.1007/s11136-007-9219-z

	263.	Douaud, G, Refsum, H, de Jager, CA, Jacoby, R, Nichols, TE, Smith, SM, et al. 
Preventing Alzheimer’s disease-related gray matter atrophy by B-vitamin treatment. Proc 
Natl Acad Sci USA. (2013) 110:9523–8. doi: 10.1073/pnas.1301816110

	264.	Remington, R, Bechtel, C, Larsen, D, Samar, A, Page, R, Morrell, C, et al. 
Maintenance of cognitive performance and mood for individuals with Alzheimer’s 
disease following consumption of a nutraceutical formulation: a one-year, open-label 
study. J Alzheimer's Dis. (2016) 51. doi: 10.3233/JAD-151098

	265.	 Remington, R, Bechtel, C, Larsen, D, Samar, A, Doshanjh, L, Fishman, P, et al. A phase 
II randomized clinical trial of a nutritional formulation for cognition and mood in Alzheimer’s 
disease. J Alzheimer's Dis. (2015) 45. doi: 10.3233/JAD-142499

	266.	Hashemi, SA, Ghadimi, H, Ghaedi, D, and Hashemi, A. The effects of eight 
weeks of aerobic training with vitamin C on the expression pathway of antioxidants 
in the hippocampus tissue of TMT induced Alzheimer’s disease rats. Brain Research. 
182. doi: 10.1016/j.brainres.2023.148645

https://doi.org/10.3389/fnut.2026.1676497
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1034/j.1600-079X.2003.00057.x
https://doi.org/10.1080/01616412.2020.1787624
https://doi.org/10.5114/ceji.2021.103540
https://doi.org/10.1530/JOE-18-0316
https://doi.org/10.3892/etm.2015.2274
https://doi.org/10.1001/archneur.61.1.82
https://doi.org/10.1001/archneur.61.1.82
https://doi.org/10.1093/ajcn/84.1.361
https://doi.org/10.1001/jama.300.15.1774
https://doi.org/10.1016/S1474-4422(17)30332-0
https://doi.org/10.1002/gps.2758
https://doi.org/10.1371/journal.pone.0012244
https://doi.org/10.1002/14651858.CD011905.pub2
https://doi.org/10.3945/ajcn.114.103283
https://doi.org/10.1016/j.neurobiolaging.2006.10.007
https://doi.org/10.1016/0968-0896(96)00191-5
https://doi.org/10.3390/ijms18122504
https://doi.org/10.3390/ph14121218
https://doi.org/10.3390/ijms23158670
https://doi.org/10.1186/1745-6215-12-230
https://doi.org/10.3233/JAD-150901
https://doi.org/10.3233/JAD-200926
https://doi.org/10.3233/JAD-200926
https://doi.org/10.3233/JAD-2011-110149
https://doi.org/10.1001/archneur.61.1.59
https://doi.org/10.1001/archneur.61.1.59
https://doi.org/10.3233/JAD-220556
https://doi.org/10.1097/00002826-200101000-00007
https://doi.org/10.1056/NEJMoa050151
https://doi.org/10.1097/00002826-200207000-00004
https://doi.org/10.1371/journal.pone.0302998
https://doi.org/10.1371/journal.pone.0302998
https://doi.org/10.1001/archneur.1988.00520320019008
https://doi.org/10.1001/archneur.1988.00520320019008
https://doi.org/10.1007/BF02080934
https://doi.org/10.1001/archneur.1991.00530130093025
https://doi.org/10.1001/archneur.1991.00530130093025
https://doi.org/10.1016/S0013-7006(07)91552-3
https://doi.org/10.1097/MD.0000000000038067
https://doi.org/10.1016/0278-5846(96)00043-7
https://doi.org/10.1002/gps.1856
https://doi.org/10.14283/jpad.2024.165
https://doi.org/10.1001/archneurol.2012.85
https://doi.org/10.1016/S0891-5849(01)00595-0
https://doi.org/10.1159/000441565
https://doi.org/10.1007/s11136-007-9219-z
https://doi.org/10.1073/pnas.1301816110
https://doi.org/10.3233/JAD-151098
https://doi.org/10.3233/JAD-142499
https://doi.org/10.1016/j.brainres.2023.148645

	Vitamin deficiencies and Alzheimer’s disease: evidence and implications for supplementation
	1 Introduction
	2 Search strategy
	3 Vitamin deficiencies
	3.1 Fat-soluble vitamins
	3.1.1 Vitamin A
	3.1.2 Vitamin D
	3.1.3 Vitamin E
	3.1.4 Vitamin K
	3.2 Water-soluble vitamins
	3.2.1 B vitamins
	3.2.2 Vitamin B1 (thiamine)
	3.2.3 Vitamin B2 (riboflavin)
	3.2.4 Vitamin B3 (niacin)
	3.2.5 Vitamin B4 (choline)
	3.2.6 Vitamin B5 (pantothenic acid)
	3.2.7 Vitamins B6 (pyridoxine, pyridoxal, and pyridoxamine)
	3.2.8 Vitamin B7 (biotin)
	3.2.9 Vitamin B8 (inositols)
	3.2.10 Vitamin B9 (folic acid)
	3.2.11 Vitamin B10 (PABA)
	3.2.12 Vitamin B12 (cobalamin)
	3.2.13 Vitamin B13 (orotic acid)
	3.2.14 Vitamin B15 (pangamic acid)
	3.2.15 Vitamin B17 (amygdalin or laetrile)
	3.2.16 Vitamin C

	4 Vitamin supplementation in AD patients and preclinical models
	4.1 Fat-soluble vitamins
	4.1.1 Vitamin A
	4.1.2 Vitamin D
	4.1.3 Vitamin E
	4.1.4 Vitamin K
	4.2 Water-soluble vitamins
	4.2.1 Vitamin B1 (thiamine)
	4.2.2 Vitamin B2 (riboflavin)
	4.2.3 Vitamin B3 (niacin)
	4.2.4 Vitamin B4 (choline)
	4.2.5 Vitamin B5 (pantothenic acid)
	4.2.6 Vitamins B6 (pyridoxine, pyridoxal, and pyridoxamine)
	4.2.7 Vitamin B7 (biotin)
	4.2.8 Vitamin B8 (inositols)
	4.2.9 Vitamin B9 (folic acid)
	4.2.10 Vitamin B10 (PABA)
	4.2.11 Vitamin B12 (cobalamin)
	4.2.12 Vitamin B13 (Orotic acid)
	4.2.13 Vitamin B15 (Pangamic acid)
	4.2.14 Vitamin B17 (amygdalin or laetrile)
	4.2.15 Vitamin C

	5 Vitamin cocktails in AD patients and preclinical models
	6 Conclusion

	References

