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Does Vitamin D Reduce the Risk of
Dementia?
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Abstract. The understanding of the role of vitamin D in maintaining optimal health has advanced sharply in the past two decades.
There is mounting evidence for beneficial roles for vitamin D in reducing the risk of bone diseases and fractures, many types of
cancer, bacterial and viral infections, autoimmune diseases, and cardiovascular diseases. Recently, several reports have also been
published regarding the role of vitamin D in neuroprotection. This article develops the hypothesis that vitamin D can reduce
the risk of developing dementia, presenting the evidence from observational and laboratory studies. The observational evidence
includes that low serum 25-hydroxyvitamin D [25(OH)D] has been associated with increased risk for cardiovascular diseases,
diabetes mellitus, depression, dental caries, osteoporosis, and periodontal disease, all of which are either considered risk factors
for dementia or have preceded incidence of dementia. The laboratory evidence includes several findings on the role of vitamin
D in neuroprotection and reducing inflammation. Although this evidence is supportive, there do not appear to be observational
studies of incidence of dementia with respect to prediagnostic serum 25(OH)D or vitamin D supplementation. Such studies now
appear to be warranted.
Keywords: Alzheimer’s disease, cardiovascular disease, cathelicidin, periodontal disease, tooth loss, ultraviolet-B, vitamin D,
vascular dementia

INTRODUCTION
Dementia includes Alzheimer’s disease (AD), vascular dementia (VaD), Lewy Body disease, and frontotemporal dementia [1]. Dementia is a significant
disease among older residents of Western developed
countries. AD affected approximately 2.4–3.0 million
Americans in the early part of this century [2–5]. Because the fraction of those with dementia attributed
solely to VaD in Western developed countries is about
0.3 [5], the total number of those with dementia in the
United States then was about 3.4–4.3 million. As the
number of elderly increases, the number with demen∗ Address
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tia will increase. The number of those with dementia
in developing countries is also increasing [6]. During
the past decade, risk of dementia has been increasingly
linked to diet [3,7–9], lifestyle [10], and vascular factors and metabolic diseases including diabetes mellitus, heart disease, and hypertension [11–16], as well as
depression [17] and tooth loss [18,19].
There are differences in risks for AD and VaD. AD is
linked to oxidative stress [20] and characterized by neurofibrillary tangles and amyloid-β plaques [21]. VaD
is caused by single or multiple infarcts or other microvascular insults [1], although the pathology of VaD
is complex [22]. The distinction between AD and VaD
is somewhat blurred in that although AD is characterized by amyloid-β plaques and neurofibrillary tangles,
vascular factors such as infarcts [21] and hypoperfusion [23] are also involved. Moreover, as many as 45%
of those with dementia may have mixed dementia, or a
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combination of AD and VaD [24]. Interestingly, the AD
amyloid hypothesis, now more than 20 years old [25] –
although validated in proof-of-concept studies in preclinical animal models, and some are being tested in
the clinic – have not been translated to therapeutic use
to date [26,27].
During the past decade, the understanding of the
roles of vitamin D for optimal health in reducing the
risk of chronic and infectious diseases has advanced
considerably. Originally, vitamin D was found to prevent rickets [28]; however, there is now strong evidence
that vitamin D reduces the risk of many types of cancer [29], bacterial infections [30,31], and autoimmune
diseases such as multiple sclerosis [32]. There is also observational evidence that vitamin D reduces the
risk of dental caries [33], periodontal disease [34,35],
hypertension [36,37], type 2 diabetes mellitus [38,39],
viral infections [40], cardiovascular disease [41,42],
coronary heart disease [43,44], and congestive heart
failure [45]. There are also several good reviews on the
health benefits of vitamin D [46–48].
Recently, two studies discussed the role of vitamin D in maintaining brain function. One examined
evidence linking vitamin D deficiency to brain function/dysfunction [49]; the other explored the role of vitamin D in preventing neurocognitive dysfunction [50].
Taken together, many of these reports lay the groundwork for the hypothesis that vitamin D can reduce the
risk of dementia.
Vitamin D is produced by ultraviolet-B (UVB) (280–
315 nm) irradiance’s photolyzing 7-dehydrocholesterol
(provitamin D3) in the epidermis to previtamin D3.
Previtamin D3 undergoes a thermally-induced isomerization to vitamin D3 that takes 2–3 days to reach
completion [51]. In the liver, vitamin D3 is given a
hydroxyl radical and becomes 25-hydroxyvitamin D3
[25(OH)D3], the most common circulating metabolite of vitamin D. In the kidney and other organs,
it is given a second hydroxyl radical and becomes
1,25-dihydroxyvitamin D [1,25(OH)2D3],the hormonal, or “active,” form of vitamin D3 [52]. Also,
1,25(OH)2D3 induces production of human cathelicidin, LL-37, which has both antimicrobial and antiendotoxic effects [31].
This review marshals evidence for the hypothesis
that low vitamin D is a risk factor for dementia either
directly or indirectly through affecting risk factors for
dementia.

RESULTS
Epidemiological findings regarding the noncalcemic
benefits of vitamin D
Vitamin D has been found to be important in reducing the risk of many types of chronic and infectious
diseases. Important for this study are diseases related
to risk of dementia, such as vascular diseases, heart
diseases, and dental diseases. Findings from the literature with respect to serum 25(OH)D, calcitriol, or hours
of sunshine are presented in Table 1. The results are
mostly from 2004–2008, an indication of how recent
the findings are. All results are significant, with many
of them highly significant. There may be null results,
but such reports were not sought.
All these studies are strictly observational; there are
as yet no randomized, controlled trials (RCTs) for any
of these diseases. However, in most cases, mechanisms
to explain the findings are known. Zittermann [45] reviewed the mechanisms whereby 1,25(OH)2D reduces
the risk of coronary heart disease. The effects include
1) protection against the deleterious effects of matrix
metalloproteinases, inflammatory cytokines, and advanced glycation end products, as well as 2) beneficial
effects on synthesis of matrix Gla protein, osteopontin, interleukin (IL) 10, and type IV collagen, both of
which reduce the risk of vascular calcification. For hypertension, vitamin D regulates the renin–angiotensin
system [55]. For diabetes, it is thought that vitamin
D regulates plasma calcium levels, which regulate insulin synthesis and secretion, through a direct action on
pancreatic β-cell function [56]. For dental caries and
periodontal disease, the hypothesized mechanism is reduced risk of bacterial infection through production of
human cathelicidin, LL-37 [31].
Risk factors for dementia
To determine the benefits of vitamin D in reducing the risk of dementia, one must know the risk factors. Dementia may involve several mechanisms, including oxidative stress [20], inflammation [57], small
infarcts [23], advanced glycation end products [58–60],
transition metal and aluminum ions from diet leading to
oxidative stress [3,57,61], nitric oxide production [62],
reduced neurogenesis in the adult brain [63], and embolism [64]. These mechanisms should be well known
to the dementia research community and so will not be
discussed further here.
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Table 1
Vitamin D dose-disease response relations for metabolic and related diseases
Disease and outcome
Coronary heart disease, incidence
Coronary heart disease, death
Cardiovascular disease, incidence
Stroke, death
Hypertensive disease, incidence
Peripheral artery disease, prevalence
Diabetes mellitus, prevalence
Diabetes mellitus, incidence
Congestive heart failure, death
Dental caries
Periodontal disease

Results with respect to serum 25(OH)D level
RR, 2.09 (95% CI, 1.24–3.54; ptrend = 0.02) <10 ng/mL vs. >30 ng/mL
HR = 2.17 (95% CI, 1.58–2.99) <10 ng/mL; = 1.40 (1.03–1.91), >10 ng/mL but <20
ng/mL
HR = 1.80 (95% CI, 1.05–3.08)
< 10 ng/mL vs. >15 ng/mL
OR = 0.67 (0.46 to 0.97; p = 0.032) per Z value
RR = 3.18 (95% CI, 1.39–7.29),
< 15 ng/mL vs. >30 ng/mL
PR = 1.35 (95% CI, 1.15–1.59) for each 10 ng/mL lower
OR = 0.25 (95% CI, 0.11–0.60) for non-Hispanic whites for  32.4 ng/mL vs. 
17.6 ng/mL
OR = 0.28 (95% CI, 0.10–0.81) for males, for >30 ng/mL vs. <10 ng/mL
0.51 (95% CI, 0.33–0.77)
calcitriol >73 pmol/L vs. <43 pmol/L
PR = 0.60 for >3000 hours of sunshine/yr vs. <2200 hours for boys aged 12–14 yrs
AL = 0.39 mm (95% CI, 0.17–0.60 mm) for men >50 yrs for >34.2 ng/mL vs. <16.1
ng/mL

Reference
[43]
[44]
[41]
[42]
[36]
[53]
[54]
[39]
[45]
[33]
[34]

Note: AL, attachment loss; CI, confidence interval; HR, hazard ratio; OR, odds ratio; PR, prevalence ratio; RR, risk ratio.
Table 2
Mechanisms whereby vitamin D metabolites protect the brain
Factor
Vasculoprotection
Advanced glycation end products
Neuronal protection

Neuron growth factor (NGF)
Neuronal calcium regulation
Reduces inflammatory factors

Thrombosis
Transition metal ion concentrations

Mechanism
1,25(OH)2D blunts the impact on endothelial cells.
Ca2+ regulation, stimulation of neurotrophin release, interaction with reactive oxygen and nitrogen species, and neuroimmunomodulatory effects of calcitriol
Facilitates detoxification through inhibiting synthesis of inducible nitric oxide synthase and increased glutathione levels.
Enhances neurotrophin synthesis.
Enhances antioxidant pathways.
Upregulates neurotrophin factors.
Induces production of NGF.
Protects against excess calcium entry into the brain.
Downregulates proinflammatory cytokines such as serum tumor necrosis factor α,
IL-1, and IL-6.
Reduces biomarkers of inflammation such as C-reactive protein.
Attenuates neuroinflammatory age-related changes.
Reduces risk of thrombosis.
By increasing calcium absorption, may decrease transition metal (copper, iron, zinc)
ion levels.

The roles of vitamin D in reducing the risk of these
mechanisms are presented in Table 2. It appears that
vitamin D metabolites, especially 1,25(OH)2D3, can
counter many of the mechanisms linked to risk of dementia.
Other preexisting diseases
People often have more than one vitamin D-sensitive
disease throughout their lives. There are many vitamin
D-sensitive diseases, and low serum 25(OH)D levels
can predispose people to several of them. Thus, examining correlations between diseases can be used as an
indication of shared risk-modifying factors. For exam-

Reference
[45]
[65]
[66,67]
[68–70]
[71]
[68]
[72]
[73]
[74]
[45,75]
[76]
[77]
[78]
[79]

ple, those being treated for rheumatoid arthritis generally have a reduced risk of developing AD [80], possibly
because they are using nonsteroidal anti-inflammatory
drugs.
Osteoporosis: Osteoporosis and hip fractures are associated with reduced vitamin D and calcium over a
period of many years [46]. A study of 46 Japanese with
AD found that they had significantly reduced bone mass
density and serum 25(OH)D levels [81]. The same researchers later found that those with reduced bone mass
density had a higher rate of hip fracture [82]. However, because AD is probably a risk factor for falling,
increased risk of hip fracture cannot be considered an
independent risk factor.
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Depression: Those with AD often have depressive
symptoms [17,83–85]. Several studies have investigated the temporal relation between depressive symptoms
and development of AD. A study of 2220 participants
in the Cardiovascular Health Study Cognition Study
with high cognitive function at baseline found that depressive symptoms at baseline were associated with
increased risk of mild cognitive impairment (10.0%,
13.3%, and 19.7% for those with no, low, and moderate
or high depressive symptoms, respectively). Vascular
factors did not significantly affect these results [86].
Cognitive impairment is often a precursor to dementia [87]. A study in Rotterdam of 503 persons, 134 of
whom reported a history of depression, concluded the
following: “History of depression, and particularly an
early onset, but not presence of depressive symptoms
increased the risk for Alzheimer disease. This risk was
not mediated by smaller hippocampal or amygdalar
volumes.” [17] A study of 526 people without dementia at baseline concluded the following: “The prospective relation between depressive symptoms and AD is
not explained by a history of vascular risk factors and
stroke, suggesting that other mechanisms may account
for this association.” [85].
To explore whether low vitamin D levels might explain the link between depression and risk of AD, I
searched the literature for studies on vitamin D and risk
of depression. In a study of 40 with mild AD and 40
nondemented persons, vitamin D deficiency was associated with presence of an active mood disorder (odds
ratio, 11.69; 95% confidence interval (CI), 2.04–66.86;
p = 0.022) [88]. Vitamin D deficiency was also correlated with worse performance on two of four tests of
cognitive performance.
In a study of 1282 elderly community residents of
The Netherlands, levels of 25(OH)D were 14% lower
in 169 persons with minor depression and 14% lower
in 26 persons with major depressive disorder than levels in 1087 control individuals (p < 0.001). Levels of
parathyroid hormone were 5% and 33% higher, respectively (p = 0.003) [89]. Exercise out of doors is a good
source of vitamin D; however, those with depression
are less likely to exercise [90].
Tooth loss: Several studies have correlated tooth loss
with development of cognitive impairment [91] and
AD [92] or dementia [18,19,93]. In the HARMONY
identical twins study in Sweden [18], for the monozygotic co-twin control analysis involving 82 pairs, the
odds ratio for development of dementia accounting for
comparative exposure within twin pairs was 4.20 (95%
CI, 1.58–11.14). One can assume that identical twins

shared not only genetics but also pre-adult life experiences.
In the Nuns’ Study, those with zero to nine teeth had
a greatly increased risk of developing dementia [19].
There was a statistically significant correlation between
periodontal disease (PD) and tooth loss in this study
population, although the authors reported that this finding was insignificant after adjustment for age, education, and APOE (apolipoprotein E) ε4. Kamer et
al. [94] reviewed these findings. They proposed several mechanisms to explain these correlations, including elevation of serum inflammatory markers, which
included C-reactive protein.
A study of healthy people older than 70 years in Scotland found an inverse correlation between edentulism
and cognitive function. However, lower original intelligence predisposed them to edentulism [95]. A study
in Sweden among those aged 21–40 years at time of
enrollment found those with mild intellectual disability
had a higher rate of tooth loss [96].
There are two primary ways that people lose teeth:
dental caries and PD, with dental caries being the more
important factor below the age of 45–50 years and periodontal disease above that range [97,98]. Both conditions are linked to low vitamin D levels. An ecological study in the 1930s reported an inverse correlation between mean hours of sunlight and presence of
dental caries for boys aged 12–14 years living in rural
or semirural regions of the United States [33]. There
was a nearly linear increase in cavities, going from
2.9 cavities/boy for those living where there was more
than 3000 hours of sunshine/year to 4.9 cavities/boy
for those living where there was less than 2200 hours
of sunshine/year. A similar finding was reported with
respect to colon cancer, which led to the development
of the UVB–vitamin D–cancer hypothesis [99]. Solar UVB and vitamin D are now well-recognized risk
reduction factors for many types of cancer [29].
PD, defined in terms of jaw bone/tooth attachment
loss (AL), has also been correlated with vitamin D.
In a study of 11,202 subjects aged 20 or more years
from NHANES III, compared with men in the highest
25(OH)D quintile, those in the lowest quintile had a
mean AL that was 0.39 mm (95% CI, 0.17–0.60 mm)
higher; in women, the difference in AL between the
lowest and highest quintiles was 0.26 mm (95% CI,
0.09–0.43 mm). In men and women younger than
50 years, there was no significant association between
25(OH)D and AL [34]. In a related study of 6700 never
smokers aged 13 to more than 90 years, sites in subjects in the highest 25(OH)D quintile were 20% (95%
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CI, 8%–31%) less likely to bleed on gingival probing
(ptrend < 0.001) [35].
There is little available information on dental conditions in Europe. However, there is a summary of
edentulousness in selected European countries [100].
For the six countries of the 17 considered in this study,
the percent occurrence for edentulousness ranges from
13% in Italy to 72% in Iceland. The correlation coefficient with respect to latitude is 0.82 (p = 0.045). However, diet also plays an important role in dental caries,
with sugar an important risk factor. A check of dietary
supply values for European countries [101] finds that
sugar consumption is also correlated with a correlation
coefficient 0.76 (p = 0.077). Given the approximations
used for both indices, all that can be said is that both
diet and solar UVB/vitamin D probably contribute to
edentulousness in these six European countries.
The mechanism for vitamin D reducing the risk of
dental caries and PD is induction of human cathelicidin,
LL-37, by calcitriol [30], which fights the bacterial
infections in the mouth. Thus, the several reports of
tooth loss with respect to incidence of dementia support
the vitamin D-dementia hypothesis.

Evaluation of the vitamin D-dementia hypothesis
There are established criteria for causality in a biological system as presented by Hill [102] and discussed
by others [103,104]. The important criteria include
strength of association, consistency of findings, determination of the dose-response relation, an understanding of the mechanisms, and experimental verification.
To date, the evidence includes observational studies
supporting a beneficial role of vitamin D in reducing
the risk of diseases linked to dementia such as vascular
and metabolic diseases, as well as an understanding of
the role of vitamin D in reducing the risk of several
mechanisms that lead to dementia. To my knowledge,
there are no prospective studies of risk of dementia with
respect to prediagnostic serum 25(OH)D or RCTs of
vitamin D supplementation and incidence of dementia.
The quickest way to obtain results of such studies may
be to use serum 25(OH)D data from other studies or
to do an add-on study to past or present vitamin D and
calcium supplementation studies such as that done for
cancer [105] and seasonal influenza and the common
cold [40].
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Vitamin D requirements
On the basis of meta-analyses of observational studies of serum 25(OH)D and cancer incidence, as well
as RCTs and incidence of cancer and respiratory infections, it appears that the optimal serum 25(OH)D
level is at least 40 ng/mL. For each 1000 IU/day, serum
25(OH)D rises by about 10 ng/mL [105]. Thus, for optimal health, people should try to obtain at least 1000–
3000 IU of vitamin D per day. Meta-analyses of observational studies on cancer incidence find that it takes
about 1500 IU of vitamin D per day to reduce the risk
of colorectal cancer by 50% [106] and 3000 IU/day to
reduce the risk of breast cancer by 50% [107]. An RCT
of vitamin D and calcium found a 35% reduction in allcancer risk for 1100 IU of vitamin D per day and about
35% for 1500 mg of calcium per day [105]. An RCT
found that incidence of colds and influenza was reduced
by 90% for those taking 2000 IU/day [40]. It has been
estimated that the body can use 3600 IU/day [108]. A
study of incidence of multiple sclerosis with respect
to prediagnostic serum 25(OH)D for U.S. military personnel found a significant inverse correlation compared
with the quartile <25 ng/mL only for the quartile >40
ng/mL [32].

Vitamin D risks
One consideration in changing vitamin D health
policy is addressing and minimizing any adverse effects. The primary risk factor associated with vitamin
D is extrarenal production of 1,25-dihydroxyvitamin D
[1,25(OH)2D] that gets into the serum and may lead to
hypercalcemia by drawing calcium from the bones. For
most people, that complication would occur at serum
25(OH)D levels more than 150 ng/mL [109]. For those
with granulomatous diseases such as sarcoidosis, the
body’s innate immune system tries to fight a disease
that is in intimate contact with the serum by generating
1,25(OH)2D [52]. Similar effects can occur for those
with rheumatoid arthritis, as well as for about 10%–
15% of those with lymphoma. Those likely to suffer
adverse effects are probably aware of their condition.
They should have serum 25(OH)D, 1,25(OH)2D, and
calcium levels measured if taking vitamin D supplements at levels greater than 400 IU/day.
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SUMMARY AND CONCLUSION
There is observational epidemiological evidence that
vitamin D reduces the risk of several types of diseases
that are risk factors for or can precede dementia. This
evidence is supported by identification of mechanisms
that vitamin D protects neurocognitive function. The
observational evidence may be confounded by lifestyle
in that those in better mental and physical condition
are more likely to be active out of doors and, therefore,
obtain more vitamin D. However, the understanding of
the mechanisms is based largely on laboratory studies
that are better controlled. However, until RCTs are performed, the hypothesis cannot be considered a fact. It
is hoped that RCTs of vitamin D and perhaps calcium
supplementation will be performed to evaluate this hypothesis. In the meantime, individuals should consider
raising personal serum 25(OH)D levels to 40 ng/mL,
and public health officials should review and revise the
guidelines on vitamin D supplementation and optimal
serum 25(OH)D levels: even if higher 25(OH)D levels
do not reduce the risk of dementia, there are many other
benefits.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

DISCLOSURE
Dr. Grant receives funding from the UV Foundation
(McLean, VA), the Vitamin D Society (Canada), and
the European Sunlight Association (Brussels).

[12]
[13]

[14]

Note
[15]

A recent observational study in England found that
serum 25(OH)D was inversely correlated with cognitive impairment status, with an odds ratio of 2.3 (95%:
1.4–3.8) for those with serum 25(OH)D in the first
quartile (3–12 ng/mL) versus those in the fourth quartile (26–68 ng/mL) after adjustment for confounding
factors [110].

[16]

[17]

[18]

REFERENCES
[1]
[2]

[3]

Grossman H, Bergmann C, Parker S (2006) Dementia: a
brief review. Mt Sinai J Med 73, 985-992.
Brookmeyer R, Gray S, Kawas C (1998) Projections of
Alzheimer’s disease in the United States and the public health
impact of delaying disease onset. Am J Public Health 88,
1337-1342.
Grant WB (1997) Dietary links to Alzheimer’s disease. Alz
Dis Rev 2, 42-55. (http://www.sunarc.org/JAD97.pdf).

[19]

[20]

[21]

Grant WB (2004) Year 2000 prevalence of Alzheimer disease
in the United States. Arch Neurol 61, 802-803; author reply
803.
Plassman BL, Langa KM, Fisher GG, Heeringa SG, Weir
DR, Ofstedal MB, Burke JR, Hurd MD, Potter GG, Rodgers
WL, Steffens DC, Willis RJ, Wallace RB (2007) Prevalence
of dementia in the United States: the aging, demographics,
and memory study. Neuroepidemiology 29, 125-132.
Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko
D, Hall K, Luchsinger JA, Ogunniyi A, Perry EK, Potocnik F,
Prince M, Stewart R, Wimo A, Zhang ZX, Antuono P (2008)
Alzheimer’s disease and vascular dementia in developing
countries: prevalence, management, and risk factors. Lancet
Neurol 7, 812-826.
Grant WB (2002) An ecologic study of dietary and solar
ultraviolet-B links to breast carcinoma mortality rates. Cancer 94, 272-281.
Scarmeas N, Stern Y, Mayeux R, Luchsinger JA (2006)
Mediterranean diet, Alzheimer disease, and vascular mediation. Arch Neurol 63, 1709-1717.
Kidd PM (2008) Alzheimer’s disease, amnestic mild cognitive impairment, and age-associated memory impairment:
current understanding and progress toward integrative prevention. Altern Med Rev 13, 85-115.
Solfrizzi V, Capurso C, D’Introno A, Colacicco AM, Frisardi
V, Santamato A, Ranieri M, Fiore P, Vendemiale G, Seripa
D, Pilotto A, Capurso A, Panza F (2008) Dietary Fatty acids,
age-related cognitive decline, and mild cognitive impairment.
J Nutr Health Aging 12, 382-386.
Luchsinger JA, Reitz C, Honig LS, Tang MX, Shea S,
Mayeux R (2005) Aggregation of vascular risk factors and
risk of incident Alzheimer disease. Neurology 65, 545-551.
Duron E, Hanon O (2008) Vascular risk factors, cognitive
decline, and dementia. Vasc Health Risk Manag 4, 363-381.
Kloppenborg RP, van den Berg E, Kappelle LJ, Biessels GJ
(2008) Diabetes and other vascular risk factors for dementia: which factor matters most? A systematic review. Eur J
Pharmacol 585, 97-108.
Milionis HJ, Florentin M, Giannopoulos S (2008) Metabolic syndrome and Alzheimer’s disease: a link to a vascular
hypothesis? CNS Spectr 13, 606-613.
Pasinetti GM, Eberstein JA (2008) Metabolic syndrome and
the role of dietary lifestyles in Alzheimer’s disease. J Neurochem 106, 1503-1514.
Purnell C, Gao S, Callahan CM, Hendrie HC (2009) Cardiovascular Risk Factors and Incident Alzheimer Disease: A
Systematic Review of the Literature. Alzheimer Dis Assoc
Disord 23, 1-10.
Geerlings MI, den Heijer T, Koudstaal PJ, Hofman A, Breteler MM (2008) History of depression, depressive symptoms,
and medial temporal lobe atrophy and the risk of Alzheimer
disease. Neurology 70, 1258-1264.
Gatz M, Fratiglioni L, Johansson B, Berg S, Reynolds CA,
Pedersen NL (2006) Potentially modifiable risk factors for
dementia in identical twins. Alzheimers Dementia 2, 110117.
Stein PS, Desrosiers M, Donegan SJ, Yepes JF, Kryscio RJ
(2007) Tooth loss, dementia and neuropathology in the Nun
study. J Am Dent Assoc 138, 1314-1322; quiz 1381-1312.
Butterfield DA, Perluigi M, Sultana R (2006) Oxidative stress
in Alzheimer’s disease brain: new insights from redox proteomics. Eur J Pharmacol 545, 39-50.
Snowdon DA, Greiner LH, Mortimer JA, Riley KP, Greiner
PA, Markesbery WR (1997) Brain infarction and the clinical

W.B. Grant / Does Vitamin D Reduce the Risk of Dementia?

[22]
[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

expression of Alzheimer disease. The Nun Study. JAMA 277,
813-817.
Jellinger KA (2008) The pathology of “vascular dementia”:
a critical update. J Alzheimers Dis 14, 107-123.
de la Torre JC (2006) How do heart disease and stroke become
risk factors for Alzheimer’s disease? Neurol Res 28, 637644.
Langa KM, Foster NL, Larson EB (2004) Mixed dementia:
emerging concepts and therapeutic implications. JAMA 292,
2901-2908.
Tanzi RE, Bertram L (2005) Twenty years of the Alzheimer’s
disease amyloid hypothesis: a genetic perspective. Cell 120,
545-555.
Golde TE (2006) Disease modifying therapy for AD? J Neurochem 99, 689-707.
Salloway S, Mintzer J, Weiner MF, Cummings JL
(2008) Disease-modifying therapies in Alzheimer’s disease.
Alzheimers Dement 4, 65-79.
Rajakumar K, Greenspan SL, Thomas SB, Holick MF (2007)
SOLAR ultraviolet radiation and vitamin D: a historical perspective. Am J Public Health 97, 1746-1754.
Garland CF, Garland FC, Gorham ED, Lipkin M, Newmark
H, Mohr SB, Holick MF (2006) The role of vitamin D in
cancer prevention. Am J Public Health 96, 252-261.
Liu PT, Stenger S, Tang DH, Modlin RL (2007) Cutting edge:
vitamin D-mediated human antimicrobial activity against
Mycobacterium tuberculosis is dependent on the induction
of cathelicidin. J Immunol 179, 2060-2063.
Mookherjee N, Rehaume LM, Hancock RE (2007) Cathelicidins and functional analogues as antisepsis molecules.
Expert Opin Ther Targets 11, 993-1004.
Munger KL, Levin LI, Hollis BW, Howard NS, Ascherio
A (2006) Serum 25-hydroxyvitamin D levels and risk of
multiple sclerosis. JAMA 296, 2832-2838.
East BR (1939) Mean Annual Hours of Sunshine and the Incidence of Dental Caries. Am J Public Health Nations Health
29, 777-780.
Dietrich T, Joshipura KJ, Dawson-Hughes B, BischoffFerrari HA (2004) Association between serum concentrations of 25-hydroxyvitamin D3 and periodontal disease in
the US population. Am J Clin Nutr 80, 108-113.
Dietrich T, Nunn M, Dawson-Hughes B, Bischoff-Ferrari
HA (2005) Association between serum concentrations of 25hydroxyvitamin D and gingival inflammation. Am J Clin Nutr
82, 575-580.
Forman JP, Giovannucci E, Holmes MD, Bischoff-Ferrari
HA, Tworoger SS, Willett WC, Curhan GC (2007) Plasma
25-hydroxyvitamin D levels and risk of incident hypertension. Hypertension 49, 1063-1069.
Forman JP, Curhan GC, Taylor EN (2008) Plasma 25hydroxyvitamin D levels and risk of incident hypertension
among young women. Hypertension 52, 828-832.
Scragg R, Camargo CA, Jr. (2008) Frequency of leisure-time
physical activity and serum 25-hydroxyvitamin D levels in
the US population: results from the Third National Health
and Nutrition Examination Survey. Am J Epidemiol 168, 577586; discussion 587-591.
Knekt P, Laaksonen M, Mattila C, Harkanen T, Marniemi J,
Heliovaara M, Rissanen H, Montonen J, Reunanen A (2008)
Serum vitamin D and subsequent occurrence of type 2 diabetes. Epidemiology 19, 666-671.
Aloia JF, Li-Ng M (2007) Re: epidemic influenza and vitamin D. Epidemiol Infect 135, 1095-1096; author reply 10971098.

[41]

[42]

[43]

[44]

[45]

[46]

[47]
[48]
[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

157

Wang TJ, Pencina MJ, Booth SL, Jacques PF, Ingelsson E,
Lanier K, Benjamin EJ, D’Agostino RB, Wolf M, Vasan
RS (2008) Vitamin D deficiency and risk of cardiovascular
disease. Circulation 117, 503-511.
Pilz S, Marz W, Wellnitz B, Seelhorst U, Fahrleitner-Pammer
A, Dimai HP, Boehm BO, Dobnig H (2008) Association of
vitamin D deficiency with heart failure and sudden cardiac
death in a large cross-sectional study of patients referred for
coronary angiography. J Clin Endocrinol Metab 93, 39273935.
Giovannucci E, Liu Y, Hollis BW, Rimm EB (2008) 25hydroxyvitamin D and risk of myocardial infarction in men:
a prospective study. Arch Intern Med 168, 1174-1180.
Dobnig H, Pilz S, Scharnagl H, Renner W, Seelhorst
U, Wellnitz B, Kinkeldei J, Boehm BO, Weihrauch G,
Maerz W (2008) Independent association of low serum 25hydroxyvitamin d and 1,25-dihydroxyvitamin d levels with
all-cause and cardiovascular mortality. Arch Intern Med 168,
1340-1349.
Zittermann A, Schleithoff SS, Gotting C, Dronow O, Fuchs
U, Kuhn J, Kleesiek K, Tenderich G, Koerfer R (2008) Poor
outcome in end-stage heart failure patients with low circulating calcitriol levels. Eur J Heart Fail 10, 321-327.
Holick MF (2007) Optimal vitamin D status for the prevention and treatment of osteoporosis. Drugs Aging 24, 10171029.
Cannell JJ, Hollis BW (2008) Use of vitamin D in clinical
practice. Altern Med Rev 13, 6-20.
Schwalfenberg G (2007) Not enough vitamin D: health consequences for Canadians. Can Fam Physician 53, 841-854.
McCann JC, Ames BN (2008) Is there convincing biological
or behavioral evidence linking vitamin D deficiency to brain
dysfunction? FASEB J 22, 982-1001.
Buell JS, Dawson-Hughes B (2008) Vitamin D and neurocognitive dysfunction: Preventing “D”ecline? Mol Aspects Med
29, 415-422.
Holick MF (1987) Photosynthesis of vitamin D in the skin:
effect of environmental and life-style variables. Fed Proc 46,
1876-1882.
Hewison M, Burke F, Evans KN, Lammas DA, Sansom
DM, Liu P, Modlin RL, Adams JS (2007) Extra-renal 25hydroxyvitamin D3-1alpha-hydroxylase in human health and
disease. J Steroid Biochem Mol Biol 103, 316-321.
Melamed ML, Muntner P, Michos ED, Uribarri J, Weber C,
Sharma J, Raggi P (2008) Serum 25-hydroxyvitamin D levels
and the prevalence of peripheral arterial disease: results from
NHANES 2001 to 2004. Arterioscler Thromb Vasc Biol 28,
1179-1185.
Scragg R, Sowers M, Bell C (2004) Serum 25hydroxyvitamin D, diabetes, and ethnicity in the Third National Health and Nutrition Examination Survey. Diabetes
Care 27, 2813-2818.
Li YC, Qiao G, Uskokovic M, Xiang W, Zheng W, Kong J
(2004) Vitamin D: a negative endocrine regulator of the reninangiotensin system and blood pressure. J Steroid Biochem
Mol Biol 89-90, 387-392.
Palomer X, Gonzalez-Clemente JM, Blanco-Vaca F, Mauricio D (2008) Role of vitamin D in the pathogenesis of type 2
diabetes mellitus. Diabetes Obes Metab 10, 185-197.
Tan ZS, Beiser AS, Vasan RS, Roubenoff R, Dinarello CA,
Harris TB, Benjamin EJ, Au R, Kiel DP, Wolf PA, Seshadri
S (2007) Inflammatory markers and the risk of Alzheimer
disease: the Framingham Study. Neurology 68, 1902-1908.

158
[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

W.B. Grant / Does Vitamin D Reduce the Risk of Dementia?
Reddy VP, Obrenovich ME, Atwood CS, Perry G, Smith
MA (2002) Involvement of Maillard reactions in Alzheimer
disease. Neurotox Res 4, 191-209.
Fernandez JA, Rojo L, Kuljis RO, Maccioni RB (2008) The
damage signals hypothesis of Alzheimer’s disease pathogenesis. J Alzheimers Dis 14, 329-333.
Takeuchi M, Yamagishi S (2008) Possible involvement of
advanced glycation end-products (AGEs) in the pathogenesis
of Alzheimer’s disease. Curr Pharm Des 14, 973-978.
Casadesus G, Smith MA, Zhu X, Aliev G, Cash AD, Honda
K, Petersen RB, Perry G (2004) Alzheimer disease: evidence
for a central pathogenic role of iron-mediated reactive oxygen
species. J Alzheimers Dis 6, 165-169.
Togo T, Katsuse O, Iseki E (2004) Nitric oxide pathways in
Alzheimer’s disease and other neurodegenerative dementias.
Neurol Res 26, 563-566.
Galvan V, Bredesen DE (2007) Neurogenesis in the adult
brain: implications for Alzheimer’s disease. CNS Neurol
Disord Drug Targets 6, 303-310.
Purandare N, Oude Voshaar RC, McCollum C, Jackson A,
Burns A (2008) Paradoxical embolisation and cerebral white
matter lesions in dementia. Br J Radiol 81, 30-34.
Talmor Y, Golan E, Benchetrit S, Bernheim J, Klein O, Green
J, Rashid G (2008) Calcitriol blunts the deleterious impact
of advanced glycation end products on endothelial cells. Am
J Physiol Renal Physiol 294, F1059-1064.
Kalueff AV, Eremin KO, Tuohimaa P (2004) Mechanisms of
neuroprotective action of vitamin D(3). Biochemistry (Mosc)
69, 738-741.
Kalueff AV, Tuohimaa P (2007) Neurosteroid hormone vitamin D and its utility in clinical nutrition. Curr Opin Clin
Nutr Metab Care 10, 12-19.
Baas D, Prufer K, Ittel ME, Kuchler-Bopp S, Labourdette
G, Sarlieve LL, Brachet P (2000) Rat oligodendrocytes
express the vitamin D(3) receptor and respond to 1,25dihydroxyvitamin D(3). Glia 31, 59-68.
Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F,
Wion D (2002) New clues about vitamin D functions in the
nervous system. Trends Endocrinol Metab 13, 100-105.
Chang JM, Kuo MC, Kuo HT, Hwang SJ, Tsai JC, Chen HC,
Lai YH (2004) 1-alpha,25-Dihydroxyvitamin D3 regulates
inducible nitric oxide synthase messenger RNA expression
and nitric oxide release in macrophage-like RAW 264.7 cells.
J Lab Clin Med 143, 14-22.
Kang H, Schuman EM (2000) Intracellular Ca(2+) signaling
is required for neurotrophin-induced potentiation in the adult
rat hippocampus. Neurosci Lett 282, 141-144.
Neveu I, Naveilhan P, Baudet C, Brachet P, Metsis M (1994)
1,25-dihydroxyvitamin D3 regulates NT-3, NT-4 but not BDNF mRNA in astrocytes. Neuroreport 6, 124-126.
Kiraly SJ, Kiraly MA, Hawe RD, Makhani N (2006) Vitamin
D as a neuroactive substance: review. ScientificWorldJournal
6, 125-139.
Brewer LD, Thibault V, Chen KC, Langub MC, Landfield
PW, Porter NM (2001) Vitamin D hormone confers neuroprotection in parallel with downregulation of L-type calcium
channel expression in hippocampal neurons. J Neurosci 21,
98-108.
Peterson CA, Heffernan ME (2008) Serum tumor necrosis
factor-alpha concentrations are negatively correlated with
serum 25(OH)D concentrations in healthy women. J Inflamm
(Lond) 5, 10.

[76]

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

Ewers B, Gasbjerg A, Zerahn B, Marckmann P (2008) Impact of vitamin D status and obesity on C-reactive protein in
kidney-transplant patients. J Ren Nutr 18, 294-300.
Moore M, Piazza A, Nolan Y, Lynch MA (2007) Treatment
with dexamethasone and vitamin D3 attenuates neuroinflammatory age-related changes in rat hippocampus. Synapse 61,
851-861.
Aihara K, Azuma H, Akaike M, Ikeda Y, Yamashita M, Sudo
T, Hayashi H, Yamada Y, Endoh F, Fujimura M, Yoshida
T, Yamaguchi H, Hashizume S, Kato M, Yoshimura K, Yamamoto Y, Kato S, Matsumoto T (2004) Disruption of nuclear vitamin D receptor gene causes enhanced thrombogenicity
in mice. J Biol Chem 279, 35798-35802.
Bogden JD, Gertner SB, Christakos S, Kemp FW, Yang Z,
Katz SR, Chu C (1992) Dietary calcium modifies concentrations of lead and other metals and renal calbindin in rats. J
Nutr 122, 1351-1360.
McGeer PL, Schulzer M, McGeer EG (1996) Arthritis and
anti-inflammatory agents as possible protective factors for
Alzheimer’s disease: a review of 17 epidemiologic studies.
Neurology 47, 425-432.
Sato Y, Asoh T, Oizumi K (1998) High prevalence of vitamin
D deficiency and reduced bone mass in elderly women with
Alzheimer’s disease. Bone 23, 555-557.
Sato Y, Kanoko T, Satoh K, Iwamoto J (2004) Risk factors for
hip fracture among elderly patients with Alzheimer’s disease.
J Neurol Sci 223, 107-112.
Chen P, Ganguli M, Mulsant BH, DeKosky ST (1999) The
temporal relationship between depressive symptoms and dementia: a community-based prospective study. Arch Gen
Psychiatry 56, 261-266.
Devanand DP, Sano M, Tang MX, Taylor S, Gurland BJ,
Wilder D, Stern Y, Mayeux R (1996) Depressed mood and
the incidence of Alzheimer’s disease in the elderly living in
the community. Arch Gen Psychiatry 53, 175-182.
Luchsinger JA, Honig LS, Tang MX, Devanand DP (2008)
Depressive symptoms, vascular risk factors, and Alzheimer’s
disease. Int J Geriatr Psychiatry 23, 922-928.
Barnes DE, Alexopoulos GS, Lopez OL, Williamson JD,
Yaffe K (2006) Depressive symptoms, vascular disease, and
mild cognitive impairment: findings from the Cardiovascular
Health Study. Arch Gen Psychiatry 63, 273-279.
Levey A, Lah J, Goldstein F, Steenland K, Bliwise D (2006)
Mild cognitive impairment: an opportunity to identify patients at high risk for progression to Alzheimer’s disease.
Clin Ther 28, 991-1001.
Wilkins CH, Sheline YI, Roe CM, Birge SJ, Morris JC (2006)
Vitamin D deficiency is associated with low mood and worse
cognitive performance in older adults. Am J Geriatr Psychiatry 14, 1032-1040.
Hoogendijk WJ, Lips P, Dik MG, Deeg DJ, Beekman AT,
Penninx BW (2008) Depression is associated with decreased
25-hydroxyvitamin D and increased parathyroid hormone
levels in older adults. Arch Gen Psychiatry 65, 508-512.
Nguyen HQ, Koepsell T, Unutzer J, Larson E, LoGerfo JP
(2008) Depression and use of a health plan-sponsored physical activity program by older adults. Am J Prev Med 35,
111-117.
Stewart R, Hirani V (2007) Dental health and cognitive impairment in an English national survey population. J Am
Geriatr Soc 55, 1410-1414.
Kondo K, Niino M, Shido K (1994) A case-control study
of Alzheimer’s disease in Japan–significance of life-styles.
Dementia 5, 314-326.

W.B. Grant / Does Vitamin D Reduce the Risk of Dementia?
[93]

[94]

[95]

[96]

[97]

[98]

[99]

[100]

[101]

Kim JM, Stewart R, Prince M, Kim SW, Yang SJ, Shin IS,
Yoon JS (2007) Dental health, nutritional status and recentonset dementia in a Korean community population. Int J
Geriatr Psychiatry 22, 850-855.
Kamer AR, Craig RG, Dasanayake AP, Brys M, GlodzikSobanska L, de Leon MJ (2008) Inflammation and
Alzheimer’s disease: possible role of periodontal diseases.
Alzheimers Dement 4, 242-250.
Starr JM, Hall RJ, Macintyre S, Deary IJ, Whalley LJ (2008)
Predictors and correlates of edentulism in the healthy old
people in Edinburgh (HOPE) study. Gerodontology 25, 199204.
Gabre P, Martinsson T, Gahnberg L (2001) Longitudinal
study of dental caries, tooth mortality and interproximal bone
loss in adults with intellectual disability. Eur J Oral Sci 109,
20-26.
Hull PS, Worthington HV, Clerehugh V, Tsirba R, Davies
RM, Clarkson JE (1997) The reasons for tooth extractions in
adults and their validation. J Dent 25, 233-237.
Trovik TA, Klock KS, Haugejorden O (2000) Trends in reasons for tooth extractions in Norway from 1968 to 1998. Acta
Odontol Scand 58, 89-96.
Garland CF, Garland FC (1980) Do sunlight and vitamin D
reduce the likelihood of colon cancer? Int J Epidemiol 9,
227-231.
Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye C (2005) The global burden of oral diseases and risks to
oral health. Bull World Health Organ 83, 661-669.
Food and Agriculture Organization (1996) Food Balance

[102]
[103]
[104]
[105]

[106]

[107]

[108]

[109]
[110]

159

Sheets Food and Agriculture Organization of the United Nations, Rome.
Hill AB (1965) The Environment and Disease: Association
or Causation? Proc R Soc Med 58, 295-300.
Potischman N, Weed DL (1999) Causal criteria in nutritional
epidemiology. Am J Clin Nutr 69, 1309S-1314S.
Weed DL (2000) Epidemiologic evidence and causal inference. Hematol Oncol Clin North Am 14, 797-807, viii.
Lappe JM, Travers-Gustafson D, Davies KM, Recker RR,
Heaney RP (2007) Vitamin D and calcium supplementation
reduces cancer risk: results of a randomized trial. Am J Clin
Nutr 85, 1586-1591.
Gorham ED, Garland CF, Garland FC, Grant WB, Mohr SB,
Lipkin M, Newmark HL, Giovannucci E, Wei M, Holick
MF (2007) Optimal vitamin D status for colorectal cancer
prevention: a quantitative meta analysis. Am J Prev Med 32,
210-216.
Garland CF, Grant WB, Mohr SB, Gorham ED, Garland
FC (2007) What is the dose-response relationship between
vitamin D and cancer risk? Nutr Rev 65, S91-95.
Heaney RP, Davies KM, Chen TC, Holick MF, BargerLux MJ (2003) Human serum 25-hydroxycholecalciferol response to extended oral dosing with cholecalciferol. Am J
Clin Nutr 77, 204-210.
Hathcock JN, Shao A, Vieth R, Heaney R (2007) Risk assessment for vitamin D. Am J Clin Nutr 85, 6-18.
Llewellyn DJ, Langa K, Lang I (2009) Serum 25Hydroxyvitamin D Concentration and Cognitive Impairment.
J Geriatr Psychiatry Neurol [Epub ahead of print].

