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Abstract
Emerging evidence  suggests  that  low vi tamin D 
concentrations are potentially involved in the pathogenesis 
of dementia. This is of particular interest when considering 
the high prevalence of vitamin D deficiency in elderly adults 
and the urgent need to identify modifiable risk factors for 
dementia. Studies have found that vitamin D is implicated 
in procognitive and neuroprotective functions, including the 
reduction of Alzheimer’s disease hallmarks such as amyloid 
beta and phosphorylated tau. Cross-sectional studies 
have consistently found that vitamin D concentrations are 
significantly lower in individuals with Alzheimer’s disease 
and cognitive impairment compared to healthy controls. 
Longitudinal studies support an association between low 
vitamin D concentrations and an increased risk of dementia 
and cognitive decline. Neuroimaging studies are beginning to 
uncover the potential neurodegenerative and cerebrovascular 
mechanisms that underlie these associations such as white 
matter hyperintensities and enlarged ventricular volume, 
although there is currently a lack of longitudinal studies. In 
contrast to observational studies, findings from interventional 
studies have produced mixed results on the benefits of vitamin 
D supplementation on dementia and cognitive outcomes. 
Interpretation of the findings from these studies is hampered by 
several major methodological limitations, such as small sample 
sizes, inadequate doses and inclusion of participants unlikely 
to benefit from vitamin D supplementation. There is a need 
for large double-blind randomised-control trials investigating 
whether vitamin D supplementation can halt or delay the risk of 
dementia-related outcomes in individuals with low vitamin D 
concentrations.
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Background 

Dementia is currently recognised as a major 
public health priority on a worldwide scale. As 
a result of the ageing population, the estimated 

global prevalence of dementia cases is projected to treble 
from 35.6 million in 2010 to 115.4 million in 2050 (1). 
However, there is currently a lack of well-established 
modifiable risk factors to halt or delay the progression 
of the disease. Recently, vitamin D has emerged as a 
promising target for therapeutic intervention. The aim 

of this review is to provide an overview and discussion 
of the current state of evidence regarding vitamin D and 
dementia-related outcomes.      

Vitamin D is a fat soluble steroid like hormone 
which has a well-established role in maintaining bone 
health by regulating calcium metabolism (2). It exists 
in two isoforms, vitamin D2 and D3. Around 90% of 
vitamin D is synthesised in the skin by the action of 
ultraviolet radiation from sunlight exposure on the 
cholesterol precursor, 7-dehydrocholestorol (2, 3). Other 
sources include diet, including fortified foods, and 
supplementation (4). Vitamin D is initially biologically 
inert and requires two separate hydroxylation steps 
in order to be converted into its active form. First to 
25-hydroxyvitamin D (25(OH)D) in the liver and then to 
the active hormonal form, 1,25-dihydroxyvitamin D in 
the kidney (5).

The major circulating form of vitamin D is 25(OH)
D which can be measured in the serum and is a useful 
indicator of an individual’s typical vitamin D status due 
to its half-life of around 15 days (6). Vitamin D status 
is defined using clinically relevant cut-points although 
there is some debate concerning which concentrations 
are optimal for general health (7, 8). Typically, vitamin 
D deficiency is defined as a 25(OH)D level of less than 
50 nmol/L, with severe deficiency defined as less than 
25 nmol/L and insufficiency between 50 and 75 nmol/L 
(4). Based on these criteria approximately 1 billion 
individuals worldwide are either vitamin D deficient or 
insufficient (4). Elderly adults are particularly at risk of 
vitamin D deficiency for a variety of reasons, for example 
ageing reduces skin thickness resulting in a decrease 
in cutaneous concentrations of vitamin D3 precursor 
7-dehydrocholesterol (9). Other reasons include a lack 
of adequate exposure to sunlight, decreased intake of 
vitamin D from diet, impaired intestinal absorption and 
impaired hydroxylation in the liver and kidney (10).

Emerging evidence suggests that vitamin D is involved 
in a wide variety of functions unrelated to bone health, 
such as immune function and vascular processes (11). 
Longitudinal studies have found that low vitamin D 
concentrations are also associated with an increased 
risk of colorectal cancer (12), type 2 diabetes (13) and 
cardiovascular disease (14). Furthermore, meta-analyses 
of randomised-controlled trials suggest that vitamin D 
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supplementation reduces the risk of all-cause mortality 
(15). There is also increasing interest in the potential role 
of low vitamin D concentrations in the pathogenesis of 
cognitive decline, dementia and Alzheimer’s disease (AD) 
(16–18). The next section provides an overview of the 
multiple functions that vitamin D has been implicated in 
throughout the brain from in vitro and in vivo studies. 

Vitamin D and the brain: animal studies and 
potential mechanisms

Vitamin D in the central nervous system

The central nervous system has been identified as a 
major target for vitamin D activity (5). The main vitamin 
D metabolites are present in the human cerebrospinal 
fluid (CSF), which circulates and surrounds the 
brain, and CSF concentrations are highly correlated 
with concentrations in blood plasma (19). Both the 
1,25-dihydroxyvitamin D3 receptor and 1α-hydroxylase, 
the enzyme responsible for synthesizing the bioactive 
form of vitamin D, are widely distributed throughout 
the human brain. Additionally, the vitamin D receptor 
and enzyme are densely located in areas associated with 
memory and higher order cognition, such as the CA1 and 
CA2 regions in the hippocampus as well as the dentate 
gyrus, cingulate gyrus and prefrontal cortex (20). 

Vitamin D and neurological functions

Vitamin D has been implicated in neuroprotective 
functions and appears to play an important role in brain 
development. In vitro studies suggest that vitamin D 
is involved in neurotrophic support by inducing nerve 
growth factors and neurite outgrowth in embryonic 
rat hippocampal neurons (21). In contrast, rats born 
to vitamin D3 deficient mothers demonstrated a 
pronounced reduction in nerve growth factor in addition 
to decreased glial-derived neurotrophic factor compared 
to control rats (22). Furthermore, the vitamin D3 deplete 
rats experienced significant negative changes in brain 
development as well as more cell proliferation, which 
is indicative of an imbalance between cell mitosis and 
apoptosis (22). Similarly, in another study, rats born 
to vitamin D3 deficient mothers had larger lateral 
ventricles, reduced nerve growth factor content and 
reduced expression of genes involved in neuronal 
structure compared to controls at ten weeks of age 
(23). This provides evidence that the deleterious effects 
observed at birth on the rat brain persist into adulthood. 
Vitamin D has also been implicated in regulating 
neurotransmitter levels. Rats treated with neurotoxic 
doses of methamphetamine, had an attenuated 
depletion of serotonin and dopamine when given 
vitamin D compared to controls (24). In rats, vitamin 
D treatment resulted in increased activity in choline 

acetyltransferase, an enzyme involved in the synthesis of 
the acetylcholine neurotransmitter in specific brain nuclei 
(25). Furthermore, vitamin D had a drastic inhibitory 
effect on the expression of the inducible form of nitric 
oxide synthase in activated microglia and astrocytes in 
rats, an enzyme involved in the production of nitric oxide 
which is implicated in the brain’s immune responses (26).

Changes in vitamin D regulated neuronal calcium 
(Ca2+) status have been implicated in pathological 
processes associated with dementia and AD (27), 
with evidence of dysregulated  L-Type voltage-
sensitive calcium channel (L-VSCC) function (28). In 
rodents, administration of 1,25-dihydroxyvitamin 
D promotes neuroprotection and reduces the Ca2+ 
mediated hippocampal biomarkers of aging through 
the downregulation of L-VSCC activity (29, 30). Serum 
Ca2+ concentrations are also regulated by parathyroid 
hormone (PTH), which is in turn involved in the 
conversion of 25(OH)D to 1,25-dihydroxyvitamin 
D (31). Furthermore, vitamin D deficiency may lead 
to hyperparathyroidism which has been linked with 
non-skeletal health outcomes, such as the loss of muscle 
strength and mass (32) and sudden cardiac death (33). It 
is plausible that high PTH concentrations could mediate 
the association between low vitamin D concentrations 
and dementia-related outcomes. The evidence, mainly 
from poor quality cross-sectional studies, shows an 
inconsistent association between high PTH concentrations 
and poorer cognitive outcomes. (34–40).

Vitamin D and dementia related processes 

Animal and cellular studies have also implicated 
vitamin D in a variety of potential protective mechanisms 
that are associated with dementia and AD. In vitro, 
vitamin D increased the phagocytic clearance of amyloid 
plaques by stimulating macrophages obtained from 
AD patients (41, 42), and reduced amyloid induced 
cytotoxicity and apoptosis in primary cortical neurons 
in rat embryo neocortices (43). In aged rats, decline 
in learning and memory was ameliorated by vitamin 
D3 supplementation via a subcutaneous injection, 
whereas no improvement was observed in controls 
(44). Furthermore, in the same study, supplementation 
resulted in a decreased amyloid β burden and an 
increased clearance of amyloid as well as a reduction in 
the pro-inflammatory cytokine, IL-1β, and an increase 
in the anti-inflammatory cytokine, IL-10 (44). Similarly, 
vitamin D supplementation by subcutaneous injection 
in rats reduced cognitive decline and age-related tau 
phosphorylation (45). After surgery induced tissue 
damage to the liver, mice administered with vitamin 
D3 through an intraperitoneal injection, experienced 
a reduced risk of postoperative cognitive dysfunction 
which appeared to be mediated through the inhibition 
of inflammatory cytokines and molecules (46). In cortical 
cell cultures axon degeneration induced by amyloid β 
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peptide and glutamate was reduced by vitamin D given 
in combination with the N-methyl-D-aspartate receptor 
antagonist memantine (47).

Vitamin D and cognitive decline: human 
observational studies

Cross-sectional studies

Epidemiological studies have expanded on the 
findings from animal and cellular research by 
investigating whether vitamin D deficiency is associated 
with the development of cognitive disorders in elderly 
adults. Several systematic reviews and meta-analyses of 
cross-sectional and case-control studies have found that 
low serum vitamin D concentrations are consistently 
associated with prevalent cognitive impairment, AD, 
and dementia (48–51). The most recent meta-analysis 
found that in seven case-control studies serum 25(OH)
D concentrations were 1.4 standard deviations lower in 
a total of 357 AD patients compared to 648 controls (49). 
Similarly, a meta-analysis of eight studies consisting 
of a total of 2,749 participants, found that those who 
were serum 25(OH)D deficient (<50 nmol/L) scored 
on average 1.2 points lower on the Mini-Mental State 
Examination, a test of global cognitive function, than 
those who were serum 25(OH)D sufficient (≥50 nmol/L) 
(48). However, findings from cross-sectional studies 
should be interpreted with caution as reverse causation 
remains a possibility. For example, lower vitamin D 
concentration may be the result of behavioural changes, 
such as dietary changes and reduced sunlight exposure 
due to the onset of dementia and cognitive impairment 
(52).

Longitudinal studies – cognitive decline or 
impairment

To address this issue, several prospective studies 
have investigated the association between low vitamin 
D concentrations in elderly adults and the risk of 
cognitive decline and impaired cognitive functioning. 
Six prospective studies have found that low vitamin 
D concentrations are significantly associated with an 
increased risk of either cognitive decline (53–57) or 
reduced cognitive functioning (58). In contrast, in 1,604 
men aged 65 years and older, there was a non-significant 
monotonic increase in the odds of global cognitive 
decline on the Modified Mini-Mental State Examination 
over a mean follow-up period of 4.6 years across 
vitamin D quartiles measured at baseline (59). Similarly, 
in 299 participants aged 85 years and older, there was 
no association between vitamin D tertiles and incident 
global cognitive impairment on the Standardized Mini-
Mental State Examination over a 3 year period (60). 
However, a systematic review and meta-analysis on 

vitamin D concentrations and specific cognitive domains 
suggests a strong association between low vitamin D 
concentrations and a range of executive dysfunctions, 
such as impaired processing speed, mental shifting and 
information updating (50). Only a modest association 
was observed with episodic memory, although the few 
studies that explored this association were all cross-
sectional. 

Longitudinal studies - dementia

Five studies have investigated the association 
between vitamin D and dementia-related outcomes in 
elderly adults, with four measuring serum 25(OH)D 
concentrations (61–65) and one measuring vitamin D 
dietary intake (66). In the latter study, in 498 women with 
a mean age of 79.8 years, increased vitamin D dietary 
intake was associated with a reduced risk of AD but not 
non-AD dementias over a 7 year follow-up period (66). 

Three of the four studies that measured 25(OH)D 
concentrations found that higher 25(OH)D concentrations 
were associated with a reduced risk of dementia-related 
outcomes (61–63). In 40 high-functioning elderly women 
aged 75 years or older, severe vitamin D deficiency 
(<25 nmol/L) was associated with a higher risk of non-
AD dementias but not AD compared to non-severe 
vitamin D deficiency (≥25 nmol/L) over 7 years (61). 
In contrast, in 10,186 individuals, severe vitamin D 
deficiency (<25 nmol/L) was associated with AD but 
not vascular dementia compared to those with vitamin 
D sufficiency over a median follow-up of 21 years (62). 
The first study consisted of a very small sample size 
which likely resulted in a lack of statistical power (61) 
whereas the second study relied on dementia diagnoses 
from unstandardized medical records which may have 
resulted in considerable misclassification (62). To address 
these limitations we performed our own analyses and 
investigated the association between serum 25(OH)D 
concentrations and comprehensive adjudicated all-cause 
dementia and AD diagnoses in 1,658 individuals over a 
follow-up of 5.6 years (63). We found that participants 
who were 25(OH)D deficient (≥25-50 nmol/L) at 
baseline had a 53% increased risk of developing all-cause 
dementia and a 69% increased risk of developing AD 
compared to those who were 25(OH)D sufficient (≥50 
nmol/L). Furthermore, participants who were severely 
deficient (<25 nmol/L), had more than double the risk 
of developing all-cause dementia and AD compared 
to those with sufficient concentrations. We also found 
strong evidence of a threshold effect, where the risk 
of developing all-cause dementia and AD increased 
markedly below concentrations of around 50 nmol/L. 
Furthermore, the difference in dementia and AD risk 
by clinically relevant categories of serum 25(OH)D 
concentrations became apparent after 2-3 years.

However, in 133 hospitalized participants, with a mean 
age of 85.2 years, who were either cognitively normal 
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or had mild cognitive impairment (MCI) at baseline, 
25(OH)D concentrations were not significantly associated 
with dementia conversion rates over a 2 year follow-up 
period (65). It should be noted that the study consisted 
of a small sample size and short follow-up period, 
whilst the inclusion of unhealthy participants limits the 
generalizability of the study findings.  

V i t a m i n  D  a n d  c o g n i t i v e  d e c l i n e : 
interventional studies

Current interventional studies 

Four studies have investigated the effects of vitamin 
D supplementation on cognitive outcomes in elderly 
individuals (see Table 1), three were interventional 
studies (67–69) and one utilised a post-hoc design 
(70). Overall, three studies found that vitamin D 
supplementation did not improve either cognitive 
outcomes (67, 68, 70) or reduce the risk of dementia/MCI 
compared to controls (70). In contrast, one study found 
that those who received vitamin D3 supplementation 
(800 IU per day or 100,000 IU per month) experienced 
improved global cognition and executive functioning 
abilities over a 16 month follow-up period compared to 
controls (69). However, methodological weaknesses such 
as small sample sizes (67–69), short follow-up periods 
(67, 68), lack of participant randomisation (67, 69) as well 
as heterogeneous doses of vitamin D supplementation 
and baseline vitamin D levels make it difficult to 
interpret the results of the interventional studies. The 
post-hoc study also has several major limitations (70). 
Through utilising a post-hoc design the study was 
not optimised to investigate the benefit of vitamin D 
supplementation on dementia risk. Additionally, the 
mean baseline 25(OH)D levels of 49 nmol/L were very 
close to 50 nmol/L, a concentration that we observed 
in our study as a potential threshold for all-cause 
dementia and AD risk (63). Due to the relatively high 
serum 25(OH)D concentrations it is unlikely that many of 
these individuals were at an increased risk of developing 
dementia and therefore it is unsurprising that no 
significant difference was found in comparison with the 
placebo group. Finally, participants in the intervention 
group received only 400 IU/day of vitamin D, which 
may be too low a dose to have an effect on dementia risk. 
Based on the lack of high quality clinical trials in the area 
it is clear that well-designed double blind randomised 
trials are necessary to investigate the potential of vitamin 
D supplementation to prevent or treat cognitive and 
dementia-related disorders.

Ongoing interventional studies

There are currently several ongoing trials in the 
area. The VITamin D and OmegA-3 Trial (VITAL) is 

a randomised, double-blind, placebo controlled trial 
in multi-ethnic healthy US participants which 
is investigating the effects of vitamin D and omega-
3 supplementation for the primary prevention of 
cancer over a period of 5 years (71). In the VITAL-COG 
ancillary study, cognitive decline is being measured as a 
secondary outcome in 3,226 men and women aged 60 or 
more. The study is utilising a 2x2 factorial design, with 
participants randomised to a combination of 2000 IU/
day of vitamin D3, 1 g/day omega-3 and a placebo. The 
primary endpoint of VITAL-Cog is a global composite 
score of cognitive decline, with two secondary endpoints 
measuring change over time in episodic memory and 
executive function score. The estimated completion date 
for the study is October 2017. 

The DO-HEALTH study is another ongoing 
randomised, double-blind placebo controlled trial that 
aims to investigate whether a combination of 2000 IU/
day vitamin D, omega-3 and physical exercise can 
prevent disease with five primary endpoints, one of 
which is cognitive decline as assessed by the Montreal 
Cognitive Assessment. A total of 2,152 community-
dwelling participants aged 70 years and older will be 
assigned to a group using a 2x2x2 factorial design and 
will be followed for a 3 year period. Serum 25(OH)D 
concentrations will be measured at baseline as well as at 
12, 24 and 36 months to assess adherence to treatment. 
The estimated completion date for the study is June 2017. 

V i t a m i n  D  a n d  c o g n i t i v e  d e c l i n e : 
neuroimaging studies 

Based on the available evidence from epidemiological 
studies it is plausible that vitamin D deficiency could 
be linked with pathological changes in the brain 
associated with neurodegenerative and cerebrovascular 
disorders (72). Furthermore, investigating the association 
between vitamin D concentrations and neuroimaging 
abnormalities could provide an insight into the potential 
mechanisms underlying the association with dementia-
related disorders. 

As reviewed above, two animal studies have examined 
the effect of vitamin D deficiency on the structural 
development of the brain. Compared to control rats 
born to vitamin D3 sufficient mothers, rats born to 
vitamin D3 deficient mothers had a 30% increase in 
hemisphere length, which suggests defected cortex 
development during embryogenesis (22). Moreover, 
vitamin D3 deficient pups had a 200% increase in 
lateral ventricle volume, which is indicative of atrophy 
in the surrounding regions. In a similar study, rats 
with transient vitamin D3 deficiency during early 
development demonstrated enlarged lateral ventricular 
volume in adulthood compared to control rats (23). 

There have been several cross-sectional studies 
investigating the association between vitamin D 
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concentrations and a variety of structural neurological 
and cerebrovascular outcomes in elderly individuals 
(see Table 2). Overall, the available evidence from eleven 
cross-sectional studies appears to indicate that higher 
vitamin D concentrations are associated with a lower 
prevalence of neuroimaging abnormalities, particularly 
white matter hyperintensities (73–75), greater white 
matter volume (76) and decreased ventricular volume 
(77). It should be noted however that reverse causality 
remains a concern. As a result, prospective studies are 
necessary in order to determine the temporal relationship. 

To date only one prospective study has investigated 
the  assoc iat ion between base l ine  v i tamin D 
concentrations and the risk of developing future 
neuroimaging abnormalities in elderly adults (78). In 
888 participants with a mean age of 62.3 years, lower 
vitamin D concentrations were not associated with 
change in white matter hyperintensity volume, incident 
white matter hyperintensities or incident infarcts over 
a follow-up period of approximately 10 years (78). The 
study also stratified the main analyses into black and 
white participants and found a similar lack of association. 
Whilst 888 participants at follow up is a large sample size, 
there was a high rate of participant drop out between 
the first MRI scan (n=1,622) and the second MRI scan 
(n=888) which might have biased the findings through 
non-random attrition. Statistical methods to account for 
the missing data and non-random attrition might have 
helped to address this source of potential bias. In order 
to confirm the relationship of neurodegenerative and/
or cerebrovascular changes/impairments that underlie 
the association between vitamin D and dementia, further 
prospective studies are necessary.

Limitations of current evidence and future 
aims

There are several limitations of the current evidence 
base regarding vitamin D and its potential association 
with cognitive decline, dementia and AD. There is a 
lack of uniformity in the operationalization of vitamin 
D concentrations in observational studies, with a 
variety of different cut-points used to investigate the 
association with cognitive and neuroimaging outcomes. 
This is perhaps unsurprising considering there is an 
ongoing debate surrounding what the optimal vitamin 
D concentrations are for general health. In the US the 
Institute of Medicine (7) recommends serum 25(OH)D 
concentrations of ≥50 nmol/L as sufficient whereas the 
Endocrine Society (8) recommends concentrations ≥75 
nmol/L. There is a need to standardise clinically relevant 
25(OH)D cut-points in order to aid the interpretation of 
the research literature. 

Serum 25(OH)D concentrations have been measured 
using different techniques, mainly radioimmunoassay 
(RIA) or l iquid chromatography-tandem mass 
spectrometry (LC-MS). These assays vary in precision 

and accuracy with evidence suggesting a low inter-assay 
comparability (79). A recent meta-analysis observed 
significant heterogeneity in the differences in vitamin 
D concentrations between AD patients and controls on 
the basis of the assay used (48). Whilst LC-MS is often 
considered as the ‘gold standard’ for measuring 25(OH)
D concentrations (80), substantial variation has been 
observed when comparing within-assay results from 
the approach (81). Consequently, efforts are currently 
underway to ensure standardisation of serum 25(OH)
D measurements across laboratories worldwide (82). 
There is also emerging evidence that free and bioavailable 
25(OH)D might be a more reliable indicator of vitamin 
D status compared to total 25(OH)D, although these 
findings have been in relation to bone mineral density 
(83, 84). It would be informative to investigate whether 
similar associations are observed in relation to dementia-
related outcomes.

A variety of different cognitive and dementia-related 
outcomes have been utilised. Cognitive function has been 
measured using a variety of different neuropsychological 
tests, which makes it difficult to synthesize the evidence. 
Long-term prospective studies have focused on either 
global cognitive function or executive functioning. 
There is a need for prospective studies to investigate 
the association between vitamin D and other cognitive 
domains, particularly memory which appears to be more 
weakly associated in cross-sectional studies. The majority 
of current prospective studies that have investigated the 
association with dementia-related outcomes have been 
limited by either small sample sizes (61, 65) or a reliance 
on medical records to inform dementia diagnosis (62). 
Large prospective studies which utilise comprehensive 
adjudicated dementia diagnoses as opposed to retrieving 
the diagnosis from medical records are necessary to 
explore the relationship with dementia-related outcomes, 
such as vascular dementia. Furthermore, prospective 
studies of longer duration exploring neuroimaging 
outcomes will provide useful insights into potential 
mechanisms as most current neuroimaging studies have 
been cross-sectional resulting in the possibility of reverse 
causation. Additionally, the findings from current cross-
sectional neuroimaging studies are difficult to interpret 
due to the wide range of methodologies and outcomes 
utilised. As new studies are published with comparable 
methods, a meta-analysis that synthesises common 
outcomes would be useful to clarify the relationship 
between vitamin D and neuroimaging abnormalities.

Prospective studies have found that low vitamin D 
concentrations are associated with a wide variety of 
non-skeletal diseases. However, intervention studies 
have so far failed to show a consistent benefit of vitamin 
D supplementation for cognitive and dementia-related 
outcomes. A recent systematic review concluded that 
the discrepancy in findings between observational and 
intervention studies is likely explained by low vitamin 
D concentrations being a marker of ill health as opposed 
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to a causative factor (85). It should be noted that the 
associations observed in prospective observational 
studies regarding dementia and cognitive-related 
disorders do not support the possibility of reverse 
causation, given that there has been no interaction with 
baseline cognition observed (53), and the link with 
incident dementia was not driven by ‘early converters’ 
(those who developed dementia within a year of follow-
up) (63). Ongoing trials will provide further insight into 
the issue of causation in relation to dementia-related 
outcomes, with results expected during 2017. 

Conclusion

Evidence from animal and cellular studies suggests 
that vitamin D has multiple functions throughout the 
central nervous system and could be implicated in the 
prevention and treatment of disorders such as dementia 
and AD. Cross-sectional and case-control studies confirm 
that vitamin D concentrations are lower in individuals 
with cognitive impairment and dementia although 
reverse causality remains a possibility. To address this, 
longitudinal studies have found that low vitamin D 
concentrations are associated with an increased 
risk of cognitive decline, all-cause dementia and AD. 
Future neuroimaging studies may uncover a link with 
specific abnormalities that could explain the observed 
associations between vitamin D concentrations and 
dementia-related disorders. Clinical trials investigating 
the effect of vitamin D supplementation on cognitive 
outcomes have produced mixed findings; however a 
variety of methodological weaknesses limit the 
interpretability of these findings. Large double-blind, 
randomised, placebo controlled trials are currently 
ongoing and should provide results within the next few 
years. Taken together this body of evidence suggests 
that vitamin D is a promising therapeutic target in the 
prevention and treatment of dementia and AD.
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