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Introduction
Alzheimer's Disease (AD) is a progressive neurodegenerative 

disease and the most prominent cause of dementia in elderly people. 
AD is classed as a protein misfolding disease, majorly associated with 
plaque accumulation of abnormally folded and insoluble amyloid β 
protein outside and around neurons, alongside neurofibrillary tangles 
of tau within cells. This causes loss of neuronal connections in the brain 
seen as memory loss, disorientation, and an overall decline in cognition.

The recent failure of clinical trials based around anti-amyloid 
therapies that target either the production (verubecestat) or clearance 
of (solanezumab) Aβ, are disappointing and demonstrates that there 
is an urgent need to explore alternative therapeutic avenues that fall 
outside the traditional amyloid cascade hypothesis. Vitamins could be 
a potential therapeutic avenue to tackle the many complications of AD 
by slowing its neurodegenerative progression and potentially reducing 
its risk of initiation. Vitamins are organic compounds with diverse 
biochemical functions, with vitamins B, D, and E in particular being 
suggested by a plethora of studies to have roles in neuroprotection in 
the context of AD.

Vitamin B reduces blood homocysteine levels, important as 
hyperhomocysteinaemia (blood levels above 15 μmol/L) is related 
to atrophy of key brain regions related to cognitive decline in AD; 
researchers found that each μM increase in blood homocysteine level 
raised AD risk by 16%, whilst each pM increase in vitamin B12 was 
associated with a 2% reduction elderly AD risk. Vitamin B9 (folic acid) 
has roles in cognitive and social function, with deficiency contributing 
to brain ageing processes; a prospective study of 370 healthy subjects 
found that this deficiency doubled the risk of developing AD. Vitamin 
D stimulates the phagocytic clearance of amyloid plaques to reduce 
cytotoxicity and apoptosis associated with AD progression. As an 
antioxidant, vitamin E lowers the increased amount of reactive species 
and oxidative damage in the brain that impairs cognitive function in 
AD patients. To investigate the potential effect of vitamins against AD 

pathology and further treatment options, I conducted a meta-analysis 
on changes in cognitive status (based on MMSE scores) and risk (via 
hazard ratios) with vitamin status. Using fixed and random effects 
models, I found that folic acid treatment may not increase average 
MMSE scores, whilst vitamin D deficiency gives a higher AD hazard 
ratio, and vitamin E levels were lower in AD patients than healthy 
control subjects. Overall, results indicated vitamin deficiency increasing 
AD risk and cognitive decline, with the possibility of improvement by 
vitamin treatment.

Combined or partial vitamin B, D, and E supplementation in 
deficient AD patients and at-risk individuals will help reduce the 
progression of AD and lower risk through various mechanisms as a 
potential therapeutic option. I will demonstrate how vitamins B, D, and 
E may protect against AD pathology progression via improvements in 
cognitive status as measured by MMSE scores, and how these vitamins 
can lower risk based on the hazard ratio of healthy control subjects with 
vitamin deficient AD patients.

Scientific case

Alzheimer's Disease (AD) is a progressive neurodegenerative 
disease and the most prominent cause of dementia in older people, 
encompassing 60%–70% of all-cause cases. Debilitating symptoms of 
memory loss, behavioral issues, and loss of bodily functions severely 
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Abstract
Dementia describes a group of clinical symptoms including memory loss and personality changes as the disease 

affects the processing of information by the brain. The most common cause of dementia is Alzheimer’s Disease 
(AD). Despite decades of research, there are currently no curative interventions for AD and no preventive strategies. 
Vitamins are essential nutrients required for normal bodily function, and so accordingly lack of adequate amounts of 
vitamins (vitamin deficiency) is associated with many health issues. This proposal builds on the statistical analysis 
of the results of multiple studies combined (a meta-analysis) to investigate the association of AD with vitamins B, D, 
and E. I found that deficiency of each vitamin may be related to increased risk and/or worsened progression of AD. 
This correlation relates to these vitamins being directly and indirectly involved in processes that prevent damage and 
destruction of the brain, an important part in AD initiation and progression.

This research project will determine if the pharmacological supplementation of vitamins B, D, and E will alleviate 
the severity and halt the progression of AD, which would be a widely beneficial and cost–effective approach in 
tackling a major health issue.
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reduce patient quality of life and life expectancy. Despite its current 
prevalence and extensive morbidity, no available treatments can 
reverse or effectively prevent its progression– only temporarily improve 
symptoms, and the cases are expected to only further rise [1]. AD is 
classed as a protein misfolding disease, specifically associated with 
plaque accumulation of abnormally folded and insoluble amyloid β 
protein outside and around neurons, alongside neurofibrillary tangles 
of tau within cells [2]. Established risk factors include age, polygenic 
family history, and traumatic brain injury. Lifestyle factors such as 
diet type and vitamin intake potentially play an important role in AD 
progression and severity.

Vitamins are organic compounds with diverse biochemical 
functions, required in small quantities for proper metabolic function 
in humans. Required amounts come from dietary intake as the body 
either does not produce them or produces very little, and where dietary 
deficiency occurs a range of pathologies arise [3]. There is a particular 
focus on vitamins B, D, and E given extensive evidence and suggested 
mechanisms linking their functional roles in the body to the prevention 
and alleviation of AD hallmarks and symptoms. Vitamin B indirectly 
plays a role by reducing levels of homocysteine, which at high amounts 
is linked to the mental declines associated with AD [4-6]. Vitamin D 
more directly acts by stimulating the phagocytic clearance of amyloid 
plaques to reduce cytotoxicity and apoptosis associated with AD 
progression [7-9]. Finally, as an antioxidant vitamin E counteracts the 
increased concentration of reactive species and oxidative damage in the 
brain commonly seen in AD patients, improving cognitive function 
after achieving this effect [10,11].

To increase the chance of detecting a statistically significant, real 
effect of these vitamins in AD patients, I conducted a meta–analysis 
as a combination of several studies increases the chance of detecting 
an effect (i.e. the power). Additionally, a meta–analysis improves the 
precision of estimating the effects of vitamin intervention, overall 
providing a better investigation into the potential effects of vitamins 
against AD pathology. In this meta–analysis, I explored and evaluated 
the relationship between vitamin B, D, and E deficiency and AD 
severity, progression, and risk.

Given that regular vitamin intake is affordable and holistically 
beneficial for one’s health, the link between AD progression and 
severity with vitamin deficiency is of significant importance– with 
the implication that vitamin sufficiency can provide an affordable, 
convenient, and universally beneficial solution for the individual and 
systematic healthcare pressures of AD.

Selection of vitamins

The study describes about the meta–analysis on the aforementioned 
vitamins based on many factors. Primarily, there are large amounts of 
robust evidence providing a firm foundation for their roles in AD, and 
the promise of utilizing these to the fullest extent possible. Additionally, 
Vitamin B and D are relatively deficient throughout various geographic 
and ethnic populations, and as these are fairly avoidable deficiencies 
with potentially severe outcomes such as increased AD risk, further 
evidence to promote vitamin sufficiency will certainly benefit a range 
of individuals. Vitamins B and E deficiencies are also linked to AD 
progression whilst vitamin D deficiency is more closely related to AD 
risk, and so rather than focusing on one vitamin’s particular effects I 
decided a more holistic approach could be more fruitful in tackling a 
research gap. The varied effects on different aspects of AD’s pathology 
and prognosis are possible due to their varied links to AD. Firstly, 
circulating concentrations of the amino acid homocysteine above 

the normal upper limit of 15 μM were histologically confirmed to be 
associated with AD progression both indirectly and directly. Indirectly, 
hyperhomocysteinaemia is an independent risk factor for brain infarcts 
in stroke, which AD commonly co-occurs with [4]; directly, elevated 
homocysteine disturbs redox potentials and promotes amyloid and 
tau protein accumulation, apoptosis, and the neuronal death seen 
in AD [5]. Serum homocysteine levels are normally regulated by 
conversion to methionine using vitamin B12 and folic acid (vitamin 
B9) as cofactors, and so accordingly deficiencies in either vitamin may 
cause hyperhomocysteinaemia and result in an increased AD risk [6]. 
It was shown that even where vitamin intake is sufficient, homocysteine 
levels can be reduced by administration of high-dose supplements of 
folic acid, vitamin B6, and vitamin B12, providing a potential avenue 
for treatment and prevention [4,6]. Secondly, low serum vitamin D 
concentrations are associated with prevalent AD, likely due to the 
in vitro proven role of vitamin D in the brain; through macrophage 
stimulation, vitamin D increases the phagocytic clearance of amyloid 
plaques to the effect of reducing cytotoxicity and apoptosis in primary 
cortical neurons [7]. Furthermore, prospective studies show that low 
concentrations in the elderly are associated with increased risk of 
cognitive decline, supported by findings of the receptor for its active 
form (1,25-dihydroxyvitamin D3) and the enzyme that synthesizes it 
(1α-hydroxylase) being located throughout the brain [8]. Additionally, 
vitamin D deficiency has been linked to ischemic stroke risk and brain 
atrophy, highly linked to AD progression [9].

Lastly, deficiency of the antioxidant vitamin E increases risk of AD 
(particularly in elderly people) whilst sufficient levels were reported to 
slow progression and suppress tau-induced neurotoxicity [10]. Given 
that a hallmark of AD is elevated oxidative damage, with increased 
concentrations of oxidized nucleic acids, proteins, and lipids found in 
AD brains, the role of vitamin E in scavenging and neutralizing reactive 
oxygen/nitrogen species could provide a causal link for its significance 
in AD development and progression [11].

Materials and Methods
The initial series of electronic searches were conducted between 

December 2020 and February 2021 and yielded 2556 potentially relevant 
clinical trials and literature. Search keywords included ‘Alzheimer’s’ and 
‘Vitamin’. After duplicates were removed, 1847 citations remained on 
the basis of their titles and abstracts. Of these, 220 under-went full-
text screening. After the screening process, I then conducted eligibility 
checks, ultimately producing 56 studies that met the inclusion criteria 
to be included in the meta-analysis, including 22 clinical studies with 
data on patient serum values, mental state, and mental examination 
scores (Figure 1).

Figure 1: Flowchart of the study selection procedure.
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The initial stage of research will systematically investigate vitamin 
levels in AD patients and aim to identify any association with MMSE 
scores, providing results that a series of randomized, double- blind, 
placebo–controlled trials can be based on. In the vitamin B arm, 
100 male and female patients aged >55 years with mild to moderate 
AD and will be randomly assigned to concurrently take 1 mg of 
methylcobalamin and 5 mg of folic acid, or placebo once daily for 24 
months. In the vitamin D arm, 100 male and female patients aged 
>55 years with mild to moderate AD will be randomly assigned to 
concurrently take 1,000mg of calcium carbonate combined with 10 
micrograms IU of vitamin D (3), or placebo once daily for 24 months. 
In the vitamin E arm, 100 male and female patients aged >55 years with 
mild to moderate AD will be randomly assigned to concurrently take 
15 mg of alpha-tocopherol, or placebo once daily for 24 months.

At the beginning of this trial, MMSEs will be performed, and the 
scores recorded for reference, alongside notes of patient ADL level of 
difficulty. Serum measurements will also be taken at baseline and every 
six months during the study. At the end of the 24 months, MMSEs will 
be taken, and the score differences compared. This will be the primary 
outcome measure and act as a quantitative measure for changes in 
cognition. Patients with deficiencies will be noted and additionally have 
their MMSE separately compared to identify if vitamin supplementation 
has a greater impact when deficiency is present. Secondary outcomes 
will also include other components of AD, namely assessing changes in 
the performance of Activities of Daily Living (ADLs) and concentrations 
of homocysteine (for vitamin B group only). Analysis of this collected 
data will then occur to explore the aforementioned objectives. The 
Figure 2 displays a Gantt chart illustrating the workflow of the project.

Study selection and data extraction

Given the different mechanistic links between the different vitamins 
in AD pathogenesis and progression, the included studies compared 
different correlations between vitamin deficiency and AD, but still met 
the same general inclusion criteria. These criteria included: the study 
design was based on an at-risk/‘old’ human population, with a mean age 
of at least 55 years old; the studies described the assessment standard 
of AD; the studies provided sufficient information to calculate effect 
size and significant effects; cases and controls had no vitamin B/D/E 
supplement intake or medication that would significantly affect vitamin 
serum/plasma concentrations; cases and controls were not diagnosed 
with other conditions that significantly affect cognition and results (as 
potential confounding factors).

Additionally, data on the effect of folic acid came from randomized, 
case-control trials in elderly patients with poor cognitive faculty, 
secondary to AD, and who received homocysteine-lowering B vitamins 
or supplements containing vitamin B6, B12, and folic acid as adjunctive 
therapy. I excluded data on single-arm studies and trials in healthy 
participants.

The Vitamin D data selection came from community–based 
prospective cohort studies, with subjects free of dementia at baseline; 
additionally, criteria included measurement of serum vitamin D as 
exposure variable and risk measure information with the 95% CI for 
the risk of all-cause dementia. Selected model data was adjusted for 
at least: age, sex, education, income, body mass index, risk factors 
including smoking status, diabetes, history of cardiovascular disease, 
and homocysteine. Finally, the Vitamin E data selection used case‐
control studies that ensured all cases and controls had no additional 
vitamin E intake, alongside the mentioned exclusion criteria.

Quality assessment

Reporting results from various resources holds the potential for 
erroneous conclusions to be presented by the author or drawn by 
the reader where quality is not properly assessed. This is especially 
important in a meta–analysis such as this, where incorrect conclusions 
may be used to guide clinical decisions with the potential for ineffectual 
or harmful treatment. To minimise the potential for this problematic 
misinterpretation of data, I used the Newcastle Ottawa Scale (NOS) 
[12] to assess the quality of the studies selected for primary analysis 
based on three broad features: study objective selection, study group 
comparability, and exposure or outcome.

For the cohort studies in vitamin D analysis, a study was awarded 
a maximum of one star for each numbered item within the selection 
and outcome categories, and a maximum of two stars for comparability. 
The case-control studies in the vitamin B and E analyses were awarded 
a maximum of one star for each numbered item within the selection 
and exposure categories, and a maximum of two stars can be given for 
comparability. In each case, individual studies could have a maximum 
quality rating of nine stars, and out of this total I consider a score of ≥ 
7 as high quality, 5-6 as moderate quality, and ≤ 4 as low quality. NOS 
scores are in the following ‘study characteristics’ section.

Statistical analysis

I used Google Colaboratory software to manage data and calculate 
the pooled estimation, specifically using coding languages R version 
4.0.0 [13,14] and Python version 3.7 [15] to achieve x statistical 
computing and graphics. Given considerable heterogeneity, I completed 
the analyses with a random effects model. This model assumes the 
studies were drawn from populations that differ in ways that could 
impact the treatment effect and effect size (i.e. heterogenous), including 
random error within studies and true variation in effect size between 
the studies [16]. When no significant heterogeneity was detected, I 
performed a fixed‐effects model. This assumes that all studies in the 
meta-analysis share a common true effect size where all factors which 
could influence the effect size are the same in all the study populations. 
This assumes that variation observed in studies’ effect sizes are only 
due to the random inherent error in each study [16]. Forest plots were 
used to depict the results graphically [17]. For the initial investigation 
based on MMSE data, heterogeneity, pooled estimation, and summary 
effect statistical analyses are required. Changes in mean MMSE scores 
can be calculated and analyzed using Google Colaboratory software 
with coding languages R version 4.0.0 [13,14] and Python version 3.7 
[15]. Publication bias must also be identified, possible through visual 
inspection of funnel plots produced by Egger’s test in the statistical 
software RevMan 5.4.1. Additionally, sensitivity analysis to assess the 
influence of each study on the overall pooled effect size should be 
performed. For the clinical trials, these same methods and resources 
can be used to analyses MMSE data.

Figure 2: Gantt chart illustrating the workflow of the project, with dates indicating 
when objectives will be met.
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accordingly can be used to compare AD progression between different 
serum vitamin patient populations. The initial folic acid data analysis 
compared changes in mean score on the MMSE ± SD from baseline 
between control groups (without vitamin supplementation) and 
treatment groups (with various folic acid supplementations). The mean 
change in MMSE score was used in the meta-analysis as a measure of 
cognitive function. The MMSE is out of 30 and a higher score indicates 
better cognition. A score between 25 and 30 is considered to be normal 
cognition.

The forest plot produced by the data (Figure 3A) depicts a mean 
MMSE score decrease after a period of at least 6 months that overall 
favours the non-supplemented control group. Other than Aisen et 
al., data from these studies suggested that folic acid supplementation 
correlates with increased cognitive decline as measured by the MMSE 
[21]. Box areas were proportional to 1/SE2, with values to 3 d.p. (Figure 
3B). As SE2 represents the variance, a statistical measurement of the 
spread of data set numbers from the mean, larger box areas reflect less 
variance and greater study weight (1/SE2).

The summary effect of -0.13, 95% CI -0.24, 0.02 indicates that taking 
folic acid reduced the MMSE score by 0.13 (Figure 3C). There was also 
no significant heterogeneity following pooling of data, hence the use 
of a fixed-effects model of analysis. The analysis revealed a significant 
difference in MMSE score between the groups. However, I was not 
able to adjust for cohort size and sex which means despite significance, 
observed results may not translate to wider AD patient populations. 
The forest plot produced by the data (Figure 4A) illustrates how the 
multivariable-adjusted hazard ratios suggest that vitamin D deficiency 
increases the probability of AD occurrence in this specific patient 
population, compared to the patients with similar characteristics with 
adequate vitamin D. An HR greater than 1 suggests an increased risk 
of AD. Other than Karakis et al., which had a HR of 0.97, the included 
studies have HRs over 1 [22]. Box areas were proportional to 1/SE2, 
with values to 3 d.p. displayed in Figure 4B. The summary effect of 1.14, 
95% CI 0.95,1.34 indicates that a unit decrease in vitamin D increases 
the risk of developing AD by 14% (Figure 4C). There was also no 
heterogeneity following pooling of data and a significant difference in 
the number of AD patients with deficiency compared to non–deficient 
controls.

Publication bias and sensitivity analyses

Publication bias is the tendency of authors to publish studies with 
significant results based on the experiment and research study outcomes 
[18]. This bias can be identified by visually inspecting the funnel plots 
produced by Egger’s test in the statistical software RevMan 5.4.1[19]. 
This performs a linear regression of intervention effects estimated on 
the standard error weighted by inverse variance. The product is a funnel 
plot, with symmetricity indicating no publication bias, as the effect 
size and sample size are not dependent [18]. This was important to 
perform because publication bias means that certain published studies 
are not true representatives of available evidence, with the potential to 
distort the results of the meta-analysis. Wider implications are false 
impressions wasting research opportunities, time, and money [20].

To assess the influence of each study on the overall pooled effect 
size, sensitivity analysis was performed by repeating the random effects 
model after omitting one study at a time to assess whether the summary 
risk effect was biased by the effect of any individual study. A p ≤ 0.05 was 
considered statistically significant. This was important to do in order 
to explore the impact of different decisions on results, and whether 
results were robust (being the same/similar with different decisions) or 
need to be interpreted with caution. This can be performed in the same 
software [19].

Results
Study characteristics

Out of a total of 2556 studies that contained search words, 56 studies 
were included for analysis based on the selection criteria (Figure 1). Of 
these, 22 contained the necessary data to be used in the initial forest 
plot analysis. Most studies were conducted in developed countries. The 
number of participants in each dataset ranged from 11 to 10,186 with a 
mean of 1034; in the prospective cohort studies, the duration of follow-
up ranged from 3 months to 21 years; overall, study NOS scores ranged 
from 5 to 8. The tables below display the study characteristics according 
to their vitamin of focus (Tables 1-3).

Primary analyses

The Mini–Mental State Examination (MMSE) is a questionnaire 
used to measure cognitive impairment and screen for dementia, and 

Figure 3: Folic acid treatment may not protect against cognitive decline in AD. Results are represented as the mean difference of MMSE scores (Mean Diff) from baseline 
to the end of the trial between control groups (without vitamin supplementation) and treatment groups (with various folic acid supplementation). The forest plot shows 
the Mean Diff results of the meta-analysis (A) with most treatment group MMSE changes suggesting further cognitive decline, favoring the control group (except for 
Aisen et al., which suggests less decline) [21]. Standard Error of the mean (SE), Lower (LL) and Upper Limits (UL) are listed (B) Limited variation in study outcomes 
(heterogeneity) was detected (C); CI indicates confidence interval of lower and upper limits.
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The forest plot produced by the data (Figure 5A) illustrates that the 
control groups of healthy patients in each study all had higher serum 
vitamin E than the AD groups, indicating a comparative correlation 
between a lower concentration of serum vitamin E and AD. The mean 
differences in serum vitamin E (μmol/l) were all negative, indicating 

higher serum vitamin E further away from deficiency in healthy 
patients (Figure 5B). The summary effect of -6.27, 95% CI-9.66,-2.87 
further supports this relationship (Figure 5C). Significant heterogeneity 
was detected in this meta‐analysis, hence the use of a random-effects 
model, with an estimated and significant variance of 15.

Figure 4: Vitamin D deficiency increases the risk of AD. Results are represented as hazard ratios (Hazard Ratio), with an HR of 1 suggesting lack of association, >1 
suggesting an increased risk, and <1 suggesting a decreased risk. The forest plot shows the results of the meta-analysis (A) based on vitamin D serum status and 
AD status, with most studies suggesting increased AD risk where serum deficiency defined as <10 ng/mL occurs. The exception is Karakis et al., with an HR of 0.97 
likely indicating a lack of association. Standard Error of the Mean (SE) and Lower (LL) and Upper Limits (UL) are also listed (B) Limited variation in study outcomes 
(heterogeneity) was detected (C); CI indicates confidence interval of lower and upper limits [22].

Figure 5: AD patients had significantly lower serum vitamin E levels compared to healthy controls. Results are represented as mean differences (Mean Diff) in the 
average subject serum alpha-tocopherol μmol/l. The forest plot shows the results of the meta-analysis (A) Based on vitamin E serum in each group, with all studies 
stating increased serum concentrations in the control group. Standard Error of the mean (SE) and Lower (LL) and Upper Limits (UL) are also listed (B) Variation in 
study outcomes (heterogeneity) was detected (C); CI indicates confidence interval of lower and upper limits.
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Discussion
There is considerable evidence and potential linkage that would 

justify the implementation of a more vitamin–oriented focus in the 
treatment and prevention of AD. Substantial effort has been devoted 
towards the development of anti-AD agents, and many of these drugs 
fail in clinical trials. Naturally occurring and fundamentally required 
vitamins’ mechanisms of action will not only directly provide patient 
benefit, but also be useful for guiding drug development with further 
data and experimentation.

It must be noted that there is a high degree of difficulty in 
interpreting results and identifying causality given the diversity of 
populations introducing a nutritional bias. Further validation of the 
present findings with trials of larger sample sizes and longer durations 
is needed. Additionally, the complexity of AD progression raises 
questions as to whether vitamins alone provide any impactful benefit, 
and so vitamin-associated molecular interactions must be studied in 
further detail, alongside coinciding behaviours and actions (such as 
exercise and sunlight relating to increased vitamin D). Given their 
various roles in the body and the diverse extents to which they carry this 
out, the preliminary results for each vitamin section provides different 
insight into different means to improve the prognosis of current and 
susceptible AD patients. 

Vitamin B

The preliminary results suggest combination supplements 
containing folic acid (with or without vitamins B6 and/or B12) may 
not provide cognitive benefits over a placebo in all elderly populations 
with impaired cognitive function secondary to AD. Elevation of 
homocysteine has been linked to an increased risk of Alzheimer disease 
and other forms of dementia, and given the inverse association between 
homocysteine concentrations and cognitive performance; it is still a 
promising area to tackle for treatment options. In the past, vitamin B 
supplementation has been demonstrated to have protective effects by 
reducing the homocysteine levels and preserving cognition [23,24].

The efficacy of vitamin B supplementation in lowering 
homocysteine levels and improving cognitive AD symptoms has been 
shown to be predetermined by the patients’ vitamin status and baseline 
homocysteine levels [25], which are a factor not fully accounted for in 
the summary effect of the meta- analysis. Maximal effects appear to 
occur in those with B12 deficiency and hyperhomocysteinemia, which 
could imply more personalised forms of vitamin B therapy are required 
for optimal results. Whilst the efficiency of vitamin B supplementation 
in lowering homocysteine levels is unclear from the results, the 
mechanistic correlation with prevention of further cognitive decline is 
apparent in AD patients.

An additional note of caution is that the MMSE is only one part 
of the assessment for AD. Patient history, symptoms and a physical 
examination are also required to accurately judge improvements in AD 
on the whole rather than just the range of cognition functions assessed 
by the MMSE.

 Connelly et al., assessed the effect of folic acid supplementation with 
cholinesterase inhibitors to give results that suggested isolated use of B 
vitamins and folic acid is ineffective in improving cognition in people 
with AD, despite lowered homocysteine levels [26]. In my opinion, this 
demonstrates that homocysteine does not necessarily solely underly 
the relationship between vitamin B sufficiency and improved cognitive 
decline, and more evaluation of this complex potential mechanism 
must be done (Table 1A).

Durga identified the use of daily 800 μg/d folic acid supplementation 
for 3 years in the improvement of various components of cognitive 
performance compared with placebo in older adults [24]. Fioravanti et 
al., had  shown  that  elderly  patients  receiving 15 mg/d folic acid 
for 60 days had significant improvement in memory and attention, 
key deficits in AD, and the intensity of improvement was positively 
correlated with the initial severity of folic acid deficiency, further 
strengthening the basis for supplementation in deficient AD patients 
[27]. It must also be noted that there was a weak correlation between the 
initial deficiency severity and the extent of cognitive decline, potentially 
highlighting that this aspect of AD is not heavily dependent on folic 
acid deficiency.

It is recognized that the initial conclusions drawn from the 
preliminary results have many limitations. Data were drawn from 
random clinical trials that compared the effect of supplementation 
with that of placebo and in both short-term and long-term treatment 
durations (Tables 1B and 1C). Whilst separate analysis with the shorter-
term and longer-term did not change the overall conclusion, it is 
notable that the long-term durations provided either a large positive 
or large negative disagreeing result, which may imply the effects of 
time heavily interact with the mental effects of supplementation (Table 
1D). Another limitation is that the participants may have had different 
degrees or different areas of cognitive impairment, which may have 
developed at dissimilar rates over these varied time lengths given the 
intrinsic complexity of AD development, and different baseline serum 
homocysteine and vitamin levels. Additionally, the dosage of folic acid 
and B vitamin varied widely across the RCTs meaning that caution is 
required in interpreting the results of these studies.

Vitamin D

From the initial analysis of the vitamin D data, 25(OH)D level was 
inversely associated with the risk of AD suggesting supplementation 
and vitamin sufficiency can help to reduce elderly patients’ risk. 
Interestingly, the only two studies with HRs greater than 2, Feart et 
al., and Littlejohns et al., had the highest percentage of females with 
62.3 and 69.2 respectively [28,29]. Whilst proposed mechanisms vary, 
it has been statistically confirmed that worldwide women are more 
likely to have AD than men. What’s more is that a study from Stanford 
University suggests a variant of the ApoE-4 gene is what causes some 
women to be disproportionately likely to develop AD. Given that 
vitamin D deficiency might pose a greater risk for ApoEɛ4 non-carrier 
Alzheimer's disease patients; this is worth investigating further into as 
it may provide a mechanistic link and thus a target for AD prevention.

Several mechanisms may explain the relationship between vitamin 
D and AD. Vitamin D has a neuroprotective role in the up-regulation 
of nerve growth factor, and brain-derived and glial cell-derived 
neurotrophic factors [29,30]. More directly, vitamin D promotes the 
removal of amyloid-β and inhibits the expression of inducible nitric 
oxide synthase which are heavily linked to AD pathogenesis [31-34]. 
Less directly but still relevant, vitamin-D-binding protein has been 
shown to reduce Aβ aggregation and cell death induced by Aβ, which 
may relate to the apparent effect in reducing AD risk [35].

Whilst the cohort studies included in the initial meta-analysis 
were mostly of high quality, minimizing selection bias and reverse 
causality, there were still various limitations of the initial analysis. 
Firstly, identifying changes in vitamin D levels during multiple years of 
follow-up may occur due to many confounding factors such as diet and 
sun exposure, which themselves may affect AD as opposed to simply 
vitamin D in the form of an oral supplement. Furthermore, the analysis 
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participants were only of European and North American nationalities, 
which certainly limit the applicability of results to the wider, ideal 
population of elderly and AD susceptible people worldwide. Also, there 
remains the issue of reverse causation given that older people already 
tend to have lower serum vitamin D, and as AD onset causes neglect, 
dietary changes and reduced outdoor activity, which in turn result in 
lower concentrations [36].

Finally, variations in the diagnostic criteria of Alzheimer's disease 
between studies may lead to some bias and inaccuracy in conclusions, 
including errors in distinguishing different types of dementia resulting 
in the attenuation of the true association between vitamin D and AD.

Vitamin E

The antioxidant function of vitamin E seems like the most likely 
principal mechanism underlying the association between serum 
vitamin E and AD. Even with consideration of the complexity of 
identifying the cause of AD, the involvement of oxidative stress 
resulting from increased content of reactive nitrogen or oxygen species 
has been widely recognized. As well as this, other mechanisms beyond 
antioxidant function have been explored. This includes increased 
focus on how vitamin E affects membrane fluidity, signaling, and gene 
regulation [36], with the notable example of vitamin E restraining 
protein kinase C activation by preventing its phosphorylation [37], 
which is important as PKC is implicated in controlling memory and 
learning alongside regulation of signaling pathways involved in amyloid 
and tau pathologies [38].

Further still, it was demonstrated that vitamin E strongly affects 
the expression of various mammalian genes encoding for proteins 
involved in the clearance of amyloid β‐protein [39]. This displayed 
protective role of vitamin E in AD progression closely matches the 
correlation revealed by the initial vitamin E meta-analysis, though of 
course only being demonstrated in an animal model thus far limits 
conclusions and applications that can be drawn from it [40-42]. The 
comprehensive mechanisms underlying the association between 
vitamin E and AD, in the future, would be elucidated by conducting 
further human experiments. Whilst proposed mechanisms vary and 
remain uncertain, the discoveries made from the preliminary results 
hold important clinical value [43-46]. Vitamin E deficiency may be 
an important component in the prognosis and subsequent treatment 
options for such AD patients, with the potential of predicting mild 
cognitive impairment progression to AD.

This initial analysis also had its own limitations that require 
improvement upon. The included studies were performed in Europe, 
most likely due to its higher AD incidence, but at the expense of results 
not being completely representative of a wider ethnic and cultural 
population. Additionally, not all outcomes in the included studies were 
of adjusting confounders causing some inaccuracies in the results. 
Finally, to ideally determine a causal relationship between serum 
vitamin E and AD in elderly people, an extensive prospective cohort 
study is required [46-68].

Author 
(Year)

Total 
Sample 

Size 
(all AD 

patients)

Female 
%

Mean 
Participant 
Age ± SD 

in years at 
baseline

Study 
Duration 
(months)

Active treatment 
(oral unless 
specified)

Control Group 
Change in Mean 
Score on MMSE 

± SD from 
baseline

Treatment 
Group Change 
in Mean Score 
on MMSE ± SD 
from baseline

Mean Score 
Difference

Standard 
Error (SE)

Lower 
Limit, Upper 

Limit

NOS 
Score

Aisen 
(2008) [21] 409 56 76.3 ± 8.0 18 5 mg folic acid, 1 

mg B12, 25 mg B6 −3.08 ± 4.46 −2.65 ± 4.56 0.43 0.215 -0.503,1.363 6

Connelly 
(2008) [23] 41 70.7 76.27 ± 6.23 6

1 mg folic acid, 
cholinesterase 

inhibitor
0.22 ± 2.67 0.09 ± 3.30 -0.13 0.065 -2.006,1.746 8

Kwok (2011) 
[51] 99 63.6 78 23 5 mg folic acid, 1 

mg B12 2.8 ± 5.2 2.1 ± 3.7 -0.7 0.35 -1.374, 
1.374 6

Sun (2007) 
[52] 178 (4.3) 178 

(4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3) 178 (4.3)

89 49.4 75 ± 7.3 6.5 5 mg B6, 0.5 mg 
B12, 1 mg folic acid 0.41 (-1.12;1.93) 0.15 (-1.06;1.35) -0.26 0.13 -1.105,0.585 7

Table 1a: Characteristics of vitamin B studies (focused on folic acid).

Author (Year)
Total Sample 
Size (all AD 

patients)
Female % Mean Participant Age 

in years at baseline
Study Duration 

(months)

Active treatment 
(oral unless 
specified)

Placebo Group Change in 
Mean Score on MMSE ± 

SEM from baseline

Treatment 
Group Change 
in Mean Score 

on MMSE ± SEM 
from baseline

NOS 
Score

Blass (1988) [53] 11 63.6 71.6 3
3 g thiamine, 
nicotinamide 

placebo
0.54 ± 0.68 1.35 ± 0.67 5

Table 1b: Characteristics of vitamin B studies (focused on nicotinamide).

Author (Year)
Total Sample 
Size (all AD 

patients)
Female %

Mean 
Participant 

Age in years 
at baseline

Study 
Duration 
(months)

Active 
treatment 

(oral unless 
specified)

Placebo 
Group 

Change in 
Mean Score 

on VF

Treatment 
Group 

Change in 
Mean Score 

on VF

Placebo 
Group 

Change in 
Mean Score 

on HVLT disc

Treatment 
Group 

Change in 
Mean Score 

on HVLT disc

NOS Score

Kay (2014) 
[57] 17 N/A 77.5 6

10 mg 
stabilized oral 

NADH
-3.63 1.53 -1.75 2.57 7

Table 1c: Characteristics of vitamin B studies (Placebo Group Change in Mean Score on HVLT disc).
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Authour 
(Year)

Total Sample 
Size (all AD 

patients)
Female %

Mean 
Participant 

Age in years 
at baseline

Study 
Duration 
(months)

Active 
treatment 

(oral unless 
specified)

ADAS-Cog 
TS CDR Sum ADCS ADL TS

(Instrumental) MMSE TS NOS Score

Phelan (2017) 
[55] 31 32.3 79.4 6

1500 mg 
nicotinamide 
twice daily

-0.25 
(-3.29;2.78)

-0.46 
(-1.41;0.48)

0.60 (- 
3.96;5.15)

–0.90 (- 
2.93;1.12) 7

Table 1d: Characteristics of vitamin B studies (Estimated Treatment-Control Mean Difference (95-CI)).

Author 
(Year)

Total 
Sample 

Size

Female 
%

Mean 
Participant 
Age ± SD 

in years at 
baseline

Mean 
Follow-up 

(years)

Mean 
Serum 

Vitamin D 
(ng/mL) 

± SD

AD 
Patient 
Sample 

Size

AD 
Patients 

with 
Vitamin D 
Deficiency

Cutoff for 
Vitamin D 
deficiency 

(ng/mL)

Definition 
of 

adequate 
Vitamin D 
(ng/mL)

Multivariable 
adjusted HR P value 95%-CI NOS 

Score

Karakis 
(2016) 

[22]
1663 58.5 72.4 ± 6.7 9 25.1± 11.4 208 <96 <10 20-50 0.97 0.93 0.47;2.00 6

Feart 
(2017) 

[28]
916 62.3 73.3 ± 4.5 10.8 14.3 ± 6.7 124 43 <10 >20 2.85 0.017 1.37;5.97 7

Littlejohns 
(2014) 

[29]
1658 69.2 73.6 ± 4.5 5.6 25.8 ± 

10.6 100 <70 <10 >20 2.22 0.008 1.02;4.83 8

Afzal 
(2014) 

[57]
10,186 56.1 57.6 21 16.4 418 93 <10 >20 1.25 0.11 0.95;1.64 7

Licher 
(2017) 

[58]
6087 56.9 69.2 13.3 19.6 641 N/A <10 >20 1.13 N/A 1.03;1.24 6

Table 2: Characteristics of vitamin D studies.

Author (Year)
Total 

Sample 
Size

Female %

Mean 
Control 

Age ± SD 
in years at 
baseline

Mean AD 
Age ± SD 

in years at 
baseline

Control 
Serum 

Vitamin E 
(μmol/l) ± 

SD

AD Serum 
Vitamin E 
(μmol/l) ± 

SD

AD Patient 
Sample 

Size

Mean 
Difference P value 95%-CI NOS Score

Zaman (1992) 
[59] 40 N/A 80 83 30.03 ± 

12.03 18.65 ± 3.62 10 -11.38 p < 0.002 -17.11;-5.65 5

Mas (2006) 
[60] 286 61 74.71 ± 

10.88 73.52 ± 9.06 33.51 ± 9.56 32.90 ± 
10.12 100 -0.61 p < 0.04 -2.98;1.76 6

Mangialasche 
(2012) [61] 521 59.8 74.7 ± 5.3 77.4 ± 6.3 38.85 ± 5.55 33.04 ± 2.71 168 -5.81 p < 0.0001 -6.7;-4.92 7

Polidori (2004) 
[63] 141 68.1 75.7 ± 7.3 76.8 ± 6.9 50.2 ± 10.2 37.8 ± 5.8 63 -12.4 p < 0.0001 -15.45;-9.35 6

Jimenez-
Jimenez 

(1997) [64]
81 44.4 70.1 ± 7.2 72.5 ± 8.6 31.3 ± 6.3 24.3 ± 8.4 44 -7 p < 0.05 -10.21;-3.79 6

Sinclair (1998) 
[65] 83 47 73.4 ± 7.2 74.3 ± 8.1 36.0 ± 3.20 31.1 ± 2.90 25 -4.9 p = 0.035 -6.4;-3.4 7

Ciabattoni 
(2007) [66] 88 59.1 75 ± 7 73 ± 8 52.0 ± 13.0 33 ± 15 44 -19 p = 0.059 -24.87;-

13.13 7

Baldeiras 
(2008) [67] 164 58.5 68.4 ± 1.8 73.0 ± 1.2 36.8 ± 2.2 28.7 ± 1.7 42 -8.1 p < 0.05 -8.98;-7.22 6

Raszewski 
(2016) [68] 104 61.5 73.6 ± 9.4 77.3 ± 6.8 38.7 ± 7.3 34.2 ± 4.4 31 -4.5 p = 0.057 -7.24;-1.76 8

Mangialasche 
(2015) [62] 90 51.1 79.1 ± 7.7 74.9 ± 6.9 46.20 ± 4.90 26.35 ± 4.3 28 -19.85 p < 0.001 -22.48;-

17.22 8

Table 3: Characteristics of vitamin E studies.
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Conclusion
The proposal is to systematically investigate vitamin levels in 

AD patients and identify any association with poor MMSE scores. A 
series of randomized, double-blind, placebo controlled trials can then 
be conducted based on these results to identify patients with good 
responses after 24 months of treatment, defined by NICE criteria 
(NICE, 2001) as improvement or no deterioration in MMSE score, 
alongside evidence of global improvement on the basis of behavioral 
and/or functional assessment.

The main objective is to reveal an association between vitamin 
levels and cognitive status (and decline) in AD patients. Whether the 
association is positive or negative, this will greatly aid developments 
in the approach to AD treatment important to patients, health 
professionals and policy makers. Objectives also include: determining 
whether deficient vitamin concentrations are associated with more 
drastic cognitive decline; the possibility of improving cognitive status in 
deficient and sufficient patients through supplementation; assessing the 
effect of supplements on AD progression based on physical Activities 
of Daily Living (ADLs). The various aforementioned limitations of 
the preliminary results can be used to improve the quality of the 
research experiment, with wider scale aims of adjusting the approach of 
individuals and healthcare systems to AD treatment. As well as direct 
supplementation, behavioral changes including diet, clothing and 
lifestyle choices that influence serum vitamin levels may be encouraged 
to be altered as a result of more concrete evidence.

The proposed hypothesis is that serum vitamin B, D, and E levels 
and status (sufficient or deficient) contribute towards AD development 
and progression in elderly patients. Accordingly, supplementation may 
aid in the improvement of AD symptoms as measured by cognitive 
status through MMSEs. Based on the preliminary results, vitamin B 
deficiency can coincide with elevated homocysteine and worsening 
of AD symptoms; vitamin D deficiency increases the risk of AD; and 
vitamin E deficiency increases the risk of AD and aids its progression 
through susceptibility to enhanced oxidative damage. Accordingly, 
sufficiency in these respective vitamins acts to prevent AD and/or slow 
its progression in patients, with noticeable improvement in cognitive 
symptoms.

Whilst the initial meta-analysis provided a clearer understanding of 
correlations and potential mechanisms, the many mentioned limitations 
prevent robust clinical decisions being made with these information 
clinical changes with the potential to improve millions of present 
and future patients’ qualities of life. A more thorough investigation 
is needed. The programme of research must ultimately investigate 
if serum vitamin levels affect AD progression and risk. Specifically, 
deficiency in vitamins B, D, and E being related to increased AD risk 
and progression as measured by cognition via MMSE scores. 

Standard medical resources must also be available to enable physical 
examination findings, including changes in vital signs, laboratory test 
abnormalities, and concomitant medication use. Patient caregivers are 
also required to ensure compliance of study medication and monitoring 
of adverse events throughout the study.

In recent years, increasing evidence suggests modifiable risk factors 
play a more significant role in the pathogenesis of AD than previously 
thought, and so modifying these factors as an alternative approach to 
delay or prevent risk of this disease will benefit a wide range of patient 
populations. Patients with increased risk due to genetic conditions 
and/or a family history of AD will benefit from minimising their risk 
through vitamin supplementation if such an association is discovered. 

As an example, the aforementioned prevalence of the ApoE-4 gene 
gives this group the possibility to greatly benefit from mitigation of AD 
risk, especially beneficial where early onset is an issue. Additionally, 
women (with and without genetic variants) naturally have a higher risk 
of AD, and given the more common late age of onset, women over 65 
years old will be a key beneficiary.

Ethnically, Asian, Hispanic, Black and Ashkenazi Jew populations 
are placed at a higher risk of AD and so may also benefit from research 
findings. Patients with conditions which affect vitamin intake on a 
metabolic level (including renal and hepatic disease) as well as those 
who suffer from neurological disorders such as neglect syndrome 
will also be likely to have deficiencies in a plethora of vitamins, and 
accordingly will benefit from this research. This is especially important 
where vitamin D is concerned for elderly patients, as thinner skin 
due to ageing decreases its synthesis efficiency, impaired absorption 
of nutrients occurs, increased time indoors and minimal exposure to 
natural sunlight further put them at risk and thus more likely to benefit 
from this research. Despite efforts in understanding, preventing and 
treating its complex pathogenesis, AD is also a major challenge in 
public health economically. Affordable treatment and risk reduction 
in the form of vitamin supplementation will directly benefit healthcare 
systems and further indirectly AD patients by freeing more resources 
to be used. There are many ethical issues of the clinical trial aspect of 
this research, however. Firstly, the issue of ‘therapeutic misconception’ 
the misapprehension patients may have that what is being offered is 
certainly therapeutic. As the trial is for investigative purposes, this can 
give false hope to the treated, supplemented patients. The use of a placebo 
in itself may be regarded as unethical and deceptive, as patients on the 
placebo arm of a clinical trial must be made to believe they are receiving 
a working treatment for the placebo effect to play a role at all. This raises 
the issue of ‘informed consent’, where patients must be provided with 
all the information, they need to make a voluntary decision about study 
participation; this decision is open to misunderstandings by nature of 
the double–blinded and placebo control trial. To avoid the possibility 
of placebo participants being harmed by missing active treatment 
however, standard AD treatments are allowed insofar as they do not 
significantly alter vitamin serum levels. Additionally, treatment group 
patients themselves are at risk of harm if the vitamin supplements are 
intolerable or cause adverse effects such as enhanced mental decline.

I aim to communicate this research with potential beneficiaries 
through local healthcare systems including information distributed by 
pharmacies and hospitals, as well as through medical journals and more 
general news platforms to ensure the research reaches as many people 
as possible.

Ethics Statement
Ethical approval was not necessary in this meta–analysis given that 

all included data was based on pre-existing and previously published 
studies.
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