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proving cognition in AD. At this stage, only clinical trials test-
ing vitamin D supplements versus placebo can further deter-
mine the impact of vitamin D administration on cognition 
and AD with higher levels of evidence. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Alongside its long-known effects on phosphocalcic 
metabolism and bone, vitamin D exhibits neurosteroid 
properties indispensable to physiological functioning 
and protection of the central nervous system (CNS)  [1–3] . 
Around one billion people are currently insufficient in 
vitamin D worldwide  [4] . Most of them are older adults, 
with a prevalence ranging from 50 to 80%  [4] . Since both 
hypovitaminosis D and cognitive decline/dementia are 
common in older adults, the involvement of age-related 
hypovitaminosis D in ‘D-mentia’ has recently been ques-
tioned  [5] .

  Vitamin D Status and Cognition 

 The specific association of serum vitamin D status 
with cognition has been questioned repeatedly in recent 
years  [6, 7]  until the publication of a systematic review in 
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 Abstract 

 Hypovitaminosis D is highly prevalent in the elderly. Its pos-
sible role in the pathogenesis of Alzheimer’s disease (AD) is 
particularly important, as AD remains a public health con-
cern with no current efficient treatment. Vitamin D adminis-
tration could be a multitarget stabilizing treatment for AD 
since vitamin D simultaneously targets several factors lead-
ing to neurodegeneration through immunoregulatory, anti-
oxidant and anti-ischemic actions, as well as the regulation 
of neurotrophic factors, acetylcholine neurotransmitter and 
clearance of amyloid beta peptide, and the avoidance of hy-
perparathyroidism. By preventing neuronal loss, the ques-
tion is whether correcting hypovitaminosis D among old-
er adults could also prevent AD-related cognitive decline. 
The cross-sectional associations between the vitamin D in-
takes – whether from diet, sun exposure or drug supple-
ments – and cognition strengthened this hypothesis, but 
prevented the finding of a cause and effect link. Pre-post 
studies showed an improvement of cognition concomitant 
with the increase in 25-hydroxyvitamin D concentrations. 
One randomized trial found that supraphysiological doses of 
vitamin D were not better than physiological doses at im-
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2009, which provided elements of response  [8] . More pre-
cisely, the authors underlined an association between hy-
povitaminosis D and global cognitive impairment mea-
sured with composite scores among older adults. They 
subsequently confirmed this association in a population-
based sample consisting of more than 750 community-
dwelling women aged 75 and older  [9] . In this cross-sec-
tional study, vitamin D deficiency  ! 10 ng/ml doubled the 
risk of presenting with cognitive impairment measured 
with Pfeiffer’s Short Portable Mental State Questionnaire 
(SPMSQ; odds ratio, OR = 2.03; 95% confidence interval 
(CI) = 1.17–3.53, p = 0.01). Similarly, in the same year, two 
works reported higher risks of global cognitive decline in 
older adults with hypovitaminosis D compared to those 
with normal 25-hydroxyvitamin D (25OHD) status. 
First, Slinin et al.  [10]  highlighted an independent asso-
ciation between lower 25OHD levels and odds of cogni-
tive decline by Modified Mini-Mental State Examination 
(3MS) performance among 1,138 men aged  6 65 years 
and followed for 4.6 years on average (p = 0.04 after 
 adjustment for age, center and season tested). Second, 
Llewellyn et al.  [11]  showed a 1.60-fold risk of losing at 
least 3 points on Mini-Mental State Examination (MMSE) 
in 6 years among 175 older adults with baseline 25OHD 
 ! 10 ng/ml (mean, 77.5 years; 80.0% women) compared to 
157 subjects with 25OHD  6 30 ng/ml (mean, 71.6 years; 
39.5% women). Compared to pre vious cross-sectional 
studies, these longitudinal works established the tempo-
ral sequence of events and determined that low baseline 
vitamin D status may predict incident cognitive decline 
in the elderly.

  Particularly, in the case of severe chronic hypovita-
minosis D, the lack of vitamin D appears to be associated 
with dementia-level cognitive impairment  [12] , with a 
2.4-fold risk for moderately severe to severe all-cause de-
mentia (95% CI = 1.1–5.1, p = 0.02) in case of serum 
25OHD  ! 10 ng/ml compared to normal vitamin D status 
(mean, 86.0  8  0.4 years; 66.1% women). More precisely, 
hypovitaminosis D may contribute to Alzheimer’s dis-
ease (AD) since lower 25OHD concentrations were found 
among AD patients compared to controls  [13, 14]  and 
since an association of vitamin D insufficiency  ̂  20 ng/
ml with the diagnosis of AD (OR = 2.51, 95% CI = 1.04–
6.09, p = 0.04) was recently described among 318 older 
community-dwellers (mean, 73.5  8  8.1 years; 72.6% 
women)  [15] .

  Most recent works showed that the association be-
tween hypovitaminosis D and AD could be specifically 
explained by the occurrence of episodic memory disor-
ders as well as executive dysfunction in the case of hypo-

vitaminosis D. Indeed, both hypovitaminosis D and AD 
are characterized by these specific cognitive disorders. 
First, episodic memory is impaired among AD patients, 
but has also been associated with hypovitaminosis D  [16] . 
Second, impaired executive functions are usually de-
scribed in AD  [17] . Executive functions refer to the het-
erogeneous set of high-level functions (i.e., mental shift-
ing, cognitive inhibition and information updating)
required for flexible and appropriate behavior  [18] . Inter-
estingly, impairment of executive functions – and more 
particularly of mental shifting assessed with Trail Mak-
ing Test part B – has been associated with hypovitamino-
sis D among community-dwelling older adults in cross-
sectional studies  [19]  as well as in longitudinal studies 
 [11] , with deleterious effects on information processing 
speed  [19] . The involvement of hypovitaminosis D in AD-
related cognitive decline could be of particular impor-
tance since AD remains a public health concern with no 
current efficient treatment.

  AD: Underlying Mechanisms and Treatments 

 AD is the leading cause of dementia, loss of autonomy 
and independency in the elderly. This public health prob-
lem will grow in coming decades. In order to delay this 
period for as long as possible and thus reduce its impact 
at an individual level and in terms of health costs, the de-
velopment of efficient therapeutic strategies proves nec-
essary. 

  Underlying Mechanisms 
 Although the pathophysiological bases of AD remain 

not fully understood, three main neurodegenerative 
mechanisms are likely to explain AD ( fig. 1 ):

  (1) Senile plaques (or amyloid plaques), corresponding 
to the extracellular aggregation of amyloid beta 42 (A � 42) 
peptide  [20] . They create inflammatory and oxidant 
stress resulting in the death of the affected neurons. In 
addition, they overactivate the MAP kinase responsible 
for controlling the phosphorylation of Tau proteins.

  (2) Neurofibrillary degeneration, due to the increase in 
the phosphorylation of Tau disassembling from microtu-
bules and aggregating in neurofibrillary tangles  [20] . The 
consequence is neuron degeneration.

  (3) Glutamatergic neuronal excitotoxicity, likely due to 
the preferential localization of amyloid beta peptides and 
phosphorylated Tau in glutamatergic synaptosomes  [21, 
22] , leads to excessive calcium entry into the postsynaptic 
neuron, ending in neuronal necrosis and apoptosis  [23, 24] .
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  The clinical consequence of these degenerative pro-
cesses is a decline in cognitive function that mainly leads 
to learning and memory difficulties.

  The Need for Multitarget Drugs in AD 
 The drugs currently available (i.e., anticholinesterasics 

and memantine) are symptomatic and can only tempo-
rarily slow down AD symptoms  [25, 26] . Because of their 
symptomatic action, they are intended only for patients 
with mild to severe AD. 

 One of the main AD challenges over the coming de-
cade lies in the finding of a curative drug that could mod-
ify the neurodegenerative process  [25, 26] . This strategy 
requires patients with no neurodegenerative lesions and 
thus at the earliest stages of AD, which leads to a very 

limited selection of patients. For instance, the French Na-
tional Centre for the Management of Trials on Healthcare 
Products (CeNGEPS), which involves more than ten uni-
versity memory centers in France, included in 2009 only 
260 patients in clinical trials for curative drugs, although 
there were potentially 24,000 subjects available in these 
centers  [26] . In other words, curative drugs are address-
ing only 1.1% of AD patients followed in French univer-
sity memory centers.

  The question is then what can be offered to the other 
AD patients. A particularly attractive approach is the 
multitarget drugs approach, meaning that the treatment 
administered to the AD patient simultaneously targets 
several factors leading to neurodegeneration  [25, 26] . 
This last approach offers the opportunity to stabilize pa-
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  Fig. 1.  Potential targets and neuroprotective mechanisms of vitamin D in AD. OH –  = Superoxide anion;
NMDA = N-methyl  D -aspartate; pTAU = phospho-tubule associated unit.   
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tients at later stages of AD, thus reducing chance inequal-
ities between AD patients. This question is central since 
it could benefit a larger number of patients. Due to its nu-
merous neurosteroid properties that regulate multiple 
brain targets ( fig.  1 )  [1–3] , we suggest that vitamin D 
could be a new multitarget therapy for AD.

  Neuroprotective Properties of Vitamin D  

 Exactly how vitamin D and cognition are associated 
and if this association is causal has not been fully eluci-
dated. On the one hand, low cognitive function could 
lead to low dietary intakes of vitamin D or a lack of sun-
light exposure, which in turn lead to low vitamin D se-
rum concentrations  [4] . Most recent studies found yet a 
significant association of vitamin D with cognition even 
while adjusting for nutritional and physical status  [9, 11, 
16, 19, 27–29] . A scenario of reverse causation is thus 
plausible and should be considered: the association of hy-
povitaminosis D with AD could be a causal relationship 
explained by the neuroprotective properties of vitamin 
D. Vitamin D is a neurosteroid hormone the action of 
which is mediated by the vitamin D steroid receptors 
(VDR) present in neurons and glial cells of the CNS in-
cluding hippocampus, hypothalamus, cortex and sub-
cortex  [1, 3] . The binding of 1,25-dihydroxyvitamin D on 
VDR triggers protective mechanisms against degenera-
tive processes implicated in AD ( fig. 1 )  [3] . 

  Firstly, VDR-dependent immunoregulatory effects 
permit an increase in the number of macrophages and 
polymorphonuclear leukocytes  [30, 31] . It has been pro-
posed that vitamin D may reduce the accumulation of 
A � 42 peptide in stimulating the innate immune system, 
specifically the phagocytosis and clearance of amyloid  �  
peptide by macrophages  [32] .

  Secondly, the neuroprotective effect of vitamin D also 
results from intraneuronal calcium homeostasis being 
maintained via the regulation of voltage-dependent cal-
cium channels in the hippocampus, and via the synthesis 
of calcium-related cytoplasmic proteins such as parval-
bumin or calcium-binding protein  [3, 33] .

  Thirdly, vitamin D plays a part in the cerebral pro-
cesses of detoxification by interacting with reactive oxy-
gen and nitrogen species, especially in case of excessive 
entry of calcium into brain neurons  [3] . Calcium not 
stored in the endoplasmic reticulum causes the activation 
of nitric oxide synthase and the synthesis of nitric oxide 
(NO�) or the stimulation of phospholipase A2, the gen-
eration of superoxide anion (O 2  – )  [23, 24] . NO� can inter-

act with O 2  –  to form peroxynitrite (OONO – ). Oxy-reduc-
tion reactions resulting from free radicals induce dose-
dependent neuronal damage to deoxyribonucleic acid, 
membrane lipid by peroxidation, and enzyme inactiva-
tion. The consequences are cell contraction, relocation of 
organelles, condensation of chromatin, nuclear fragmen-
tation, and production of apoptotic bodies containing 
fragments of cytoplasm and kernel, that defines neuronal 
apoptosis  [23, 24] . The action of detoxification of vitamin 
D was described on cultured rat mesencephalic cells, with 
an efficient protection against the superoxide ion, hydro-
gen peroxide, and intracellular free radicals generated by 
reactive oxygen species  [34] . In addition, it has been dem-
onstrated that vitamin D inhibits the synthesis of induc-
ible nitric oxide synthase, an enzyme produced in CNS 
cells in response to stress, the high-dose action of which 
results in neuronal cell alteration  [30] . The consequence 
of vitamin D administration is an increase in the number 
of survival neurons after exposure to cytotoxic stimuli.

  Fourthly, besides neuronal protection, vitamin D may 
help in fighting brain atrophy via the control of neuro-
trophin levels and the number of mitoses  [35] . In vitro, 
vitamin D increases the synthesis of neurotrophic agents 
such as nerve growth factor, glial cell line-derived neuro-
trophic factor, neurotrophin 3, as well as the synthesis of 
low-affinity p75 NTR  receptors  [1, 35] . It also accelerates 
neuronal growth in a dose-dependent way in rodent hip-
pocampal cell cultures  [35] . Vitamin D-related trophic 
induction seems to play a neuroprotective role in cerebral 
ischemia  [36] , as well as an antineurodegenerative role for 
dopaminergic cells in experimental animal models of 
Parkinson’s disease  [30] . The latter observation could be 
particularly interesting for secondary prevention and 
treatment of neurodegenerative diseases such as AD.

  Fifthly, experimentation found that vitamin D supple-
mentation in rats caused an increase in choline acetyl-
transferase activity (thus an increase in acetylcholine 
availability) in several specific brain areas, with potential 
applications during AD  [37] .

  Finally, it has also been proposed that the avoidance of 
hyperparathyroidism in the case of normal vitamin D 
status may prevent the occurrence of cognitive and neu-
ropsychiatric effects specifically induced by parathor-
mone receptors in the brain  [8, 38] . 

  These multitarget mechanisms of protection could 
prevent at least part of the neuronal death and dysfunc-
tion, with subsequent benefits in terms of learning ability 
and memory. The question is whether correcting hypovi-
taminosis D among older adults can prevent neuronal 
death and hence cognitive decline.
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  What about Vitamin D Intake? 

 In addition to these neurosteroid ‘multitarget’ effects, 
testing vitamin D therapy sounds interesting in that vi-
tamin D could be associated with current antidementia 
drugs as part of a ‘multi-drug’ regimen. This is an impor-
tant point when considering randomized controlled tri-
als (RCT), since it seems almost impossible to get an RCT 
approved to examine the efficacy of vitamin D alone in 
AD patients after having removed standard therapies. In 
addition, supraphysiological doses of vitamin D are not 
likely necessary to obtain an effect, and it is probably suf-
ficient to use consensual supplementation schemes with 
the sole purpose of raising the serum 25OHD concentra-
tions above 30 ng/ml (i.e., 75 nmol/l)  [39] . Such therapeu-
tic schemes do not reach toxic doses (i.e., higher than 
10,000 IU per day)  [39–41] , which is of prime importance 
since hypervitaminosis D-induced hypercalcemia may 
increase AD risk  [42] . Furthermore, conducting a place-
bo-controlled clinical trial in subjects with overt hypovi-
taminosis D for a 6-month period is acceptable because 
of the absence of expected accidents linked to vitamin D 
deficiency within this short period  [43] . Despite all these 
facilitating arguments and the growing interest in vita-
min D nonskeletal effects, no randomized placebo-con-
trolled trial on the efficacy of vitamin D in AD patients 
has been conducted yet.

  As a first approach, it seems useful to examine the im-
pact of vitamin D intake on cognition ( table 1 ). Vitamin 
D is a fat-soluble vitamin which exists in two forms: vita-
min D 2  produced by irradiation of ergosterol by the ac-
tion of ultraviolet (UV) radiation in the skin, and vitamin 
D 3  provided directly by foods or produced by the action 
of UV from cholesterol after transformation to 7-dehy-
drocholesterol  [4] . Three sources of vitamin D can there-
fore be distinguished: dietary intake, sun exposure, and 
drug supplements.

  Dietary Intake of Vitamin D and Cognition 
 An association was recently highlighted between the 

weekly dietary intake of vitamin D and global cognitive 
performance ( �  = 0.002, 95% CI = 0.001–0.003, p  !  0.001; 
 table 1 )  [44] . The findings showed, among 5,596 commu-
nity-dwelling older women (mean, 80.4 years), that inad-
equate vitamin D dietary intake was associated with cog-
nitive impairment (OR = 1.30, 95% CI = 1.04–1.63, p = 
0.024)  [44] . The latter result was obtained after exclusion 
of women having used vitamin D drug supplements dur-
ing the past 18 months, and after adjustment for self-re-
ported sun exposure at midday as well as age, body mass 

index, disability level, the number of comorbidities, hy-
pertension, depression, use of psychoactive drugs, educa-
tion level and season of assessment. Although this asso-
ciation could be explained in a more general way by a 
healthy lifestyle illustrated by a rich and varied diet and 
by regular physical activity, it was coherent with the pre-
vious literature. In particular, a pilot study published in 
2007 found a correlation between the 3-day vitamin D 
dietary intake and cognitive impairment on the MMSE 
score (r = 0.35, p  !  0.01) among 69 community-dwellers 
aged 84 years on average (59.4% women;  table 1 )  [45] . This 
work proposed a precise quantification of the dietary in-
take of vitamin D, but was restricted to a limited size. 
Despite these methodological divergences, both studies 
found that high dietary intake of vitamin D was associ-
ated with high cognitive performance assessed with glob-
al composite cognitive scores  [44, 45] . 

  Vitamin D Intake Related to Sun Exposure and 
Cognition 
 Sun exposure of the skin is the second natural source 

of vitamin D  [4] . To the best of our knowledge, no study 
has explored yet the effect of solar radiation on cognition. 
Only the study cited above assessed the link between sun 
exposure and cognitive status of older women  [44] . In this 
study, the authors found an unadjusted association be-
tween sun exposure of the hands and face at least 15 min 
per day between 11 a.m. and 3 p.m., and global cognitive 
performance assessed with Pfeiffer’s SPMSQ ( �  = 0.248, 
95% CI = 0.183–0.313, p  !  0.001;  table 1 )  [41] . In addition, 
sun exposure protected against cognitive impairment 
(OR = 0.641, 95% CI = 0.542–0.758, p  !  0.001)  [44] . Nev-
ertheless, both associations were not significant after ad-
justment for age, disability level, and other covariates
( �  = 0.037 with p = 0.282, and OR = 0.944 with p = 0.552, 
respectively), which was consistent with the observations 
that skin synthesis of vitamin D from UVB decreases 
with age  [46]  and that the effect of sun exposure is mi-
nor in the elderly compared to the other sources of vi-
tamin D.

  Vitamin D Drug Supplements and Cognition 

 The third source of vitamin D in the elderly is drug 
supplementation. To date, two studies have examined the 
effects of the use of vitamin D supplements on cognition 
( table 1 )  [47, 48] . The first one, by Przybelski et al.  [47] , 
failed to find a greater improvement of cognitive perfor-
mance after the oral administration of 50,000 IU vitamin 
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D 2  3 times a week for 4 weeks among 25 older residents 
with hypovitaminosis D (mean age, 86.2 years; 68% 
women), compared to 38 residents with a normal vitamin 
D status who did not receive any vitamin D supplements 
(mean age, 87.4 years; 78.9% women; mean baseline 
25OHD, 34.8  8  1.8 ng/ml;  table 1 )  [47] . In particular, no 
significant between-group difference was observed after 
4 weeks of treatment with regards to the performance on 
Semantic Fluency Task, Clock Drawing Test (CDT) and 
Neuropsychiatric Inventory (NPI). Nevertheless, this 
pre-post study also showed that the increase in serum 
25OHD concentrations among the treatment group 
(from 17.3 to 63.8 ng/ml, p  !  0.0001) was coupled with an 
improved NPI score (from 7.3  8  2.0 before vitamin D 
supplementation to 5.5  8  1.9 after treatment; lower 
scores indicate reduced intensity and/or frequency of 
neuropsychiatric symptoms) and an improved CDT score 
(5.7  8  0.5 after treatment vs. 5.1  8  0.5 before treatment; 
 table 1 )  [47] . The scores were also improved among the 
group with a normal vitamin D status (NPI score chang-
ing from 7.4  8  1.6 to 6.4  8  1.6; and CDT score from 4.6 
 8  0.6 to 5.7  8  0.5), but the authors did not provide the 
degree of significance of these differences. Anyway, the 
improvement of the neuropsychiatric symptoms among 
participants with no hypovitaminosis D was interesting-
ly concordant with previous experiments in rodents pro-
posing that hypovitaminosis D could be involved in the 
occurrence of behavioral disorders. In particular, the 
model of resistance to vitamin D (similar to avitaminosis 
D) provided by the transgenic VDR knockout (VDR-KO) 
mouse showed a deleterious impact on behavior, primar-
ily marked by excessive stress, motor disorders  [49] , aber-
rant maternal behaviors and aggressiveness  [50] . Since 
behavioral disorders are common in the course of AD 
and are often a challenging issue due to the use of chem-
ical restraints and the need for institutionalization  [51] , 
this finding may be of prime importance and should be 
investigated in more depth.

  The second study on this topic, by Stein et al.  [48] , had 
two phases. First, the authors conducted a feasibility pilot 
study, consisting in a pre-post study based on the open 
supplementation of 3,000 IU vitamin D 2  per day for 8 
weeks in 13 older patients with mild to moderate AD ( ta-
ble 1 ). In line with the study by Przybelski et al.  [47] , the 
increase in serum 25OHD concentration from 66 to 140 
nmol/l was accompanied by a 6-point improvement of 
the ADAS-cog score (range: 4.5–8.5, p  !  0.001)  [48] . The 
second phase of the study by Stein et al.  [48]  consisted in 
a randomized control trial designed to correct hypovita-
minosis D among 32 AD participants with open-label 

1,000 IU vitamin D 2  per day for 8 weeks, and then to ex-
amine the cognitive effectiveness of supraphysiological 
doses of vitamin D 2  in 16 AD patients (i.e., 7,000 IU/day) 
compared to 16 other AD patients receiving physiological 
doses of vitamin D 2  (i.e., 1,000 IU/day;  table 1 ). The au-
thors failed to find a significant between-group differ-
ence regarding the change in ADAS-cog and WMS-LM 
scores on the whole cohort ( table 1 ), highlighting the fact 
that supraphysiological doses of vitamin D were not more 
efficient in improving cognitive abilities than physiolog-
ical ones  [48] .

  These two studies, whether by Przybelski et al.  [47]  or 
by Stein et al.  [48] , had yet a number of methodological 
problems that limited their conclusions. For instance, 
they were both limited by the use of vitamin D 2  supple-
ments which are generally less efficient than vitamin D 3  
for repletion  [52] , and by the short duration of the follow-
up that did not exceed 16 weeks, while the effects of vi-
tamin D can be observed after a longer period  [43] . Ad-
ditionally, none of these studies assessed executive 
 functions or episodic memory as outcome measures, al-
though serum 25OHD concentrations are likely associ-
ated with these domain-specific cognitive functions, as 
described above. It should also be mentioned that no 
stratification was made on the stages of AD by Stein et al. 
 [48] , although the preventive effects of vitamin D may be 
more evident in the early stages of the dementia process 
than in later stages. This should have justified a separate 
analysis for each AD stage; and most importantly, both 
studies compared participants who received vitamin D 
supplements to participants who had already a normal 
vitamin D status, which did not allow drawing conclu-
sions about the cognitive effectiveness of the correction 
of hypovitaminosis D. 

  In conclusion, it appears that cognitive decline in AD 
and hypovitaminosis D have a partially common patho-
physiological pathway based on impaired protection 
against oxidative stress, accumulation of  �  amyloid pro-
tein and calcium excitotoxicity. On the contrary, vitamin 
D experimentally protects neurons against degenerative 
mechanisms implicated in AD and could be a new mul-
titarget therapy for AD both easily applicable and inex-
pensive. The previously described cross-sectional asso-
ciations between vitamin D intakes – whether from diet, 
sun exposure or drug supplements – and cognition 
strengthened this hypothesis, but prevented determining 
whether cognitive decline precipitated low intakes of vi-
tamin D due to disability, or whether low intakes of vita-
min D had a role in precipitating cognitive decline. In this 
regard, pre-post studies suggest an improvement of cog-
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nition concomitant with the increase in 25OHD concen-
trations, even if supraphysiological doses of vitamin D 
seemed not better than physiological doses at improving 
cognition in the only RCT conducted to date. This obser-
vation is consistent with the recent conclusions of the In-
stitute of Medicine highlighting that available evidence 
in favor of the nonskeletal effects of vitamin D are still 
limited  [53] . At this stage, only RCTs testing the effective-
ness of vitamin D supplements versus placebo on the evo-
lution of cognition as a whole, and specifically of episod-
ic memory and executive functions, can further deter-
mine the impact of vitamin D repletion in AD with a 
higher level of evidence.
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