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Abstract
Background: Recent preventive strategies for patients with
cognitive impairment include the identification of modifi-
able somatic risk factors like vitamin D deficiency. Methods:
A systematic literature research and meta-analysis were
conducted to assess the association of cognitive impair-
ment and vitamin D deficiency. Results: Data from cross-
sectional and longitudinal studies suggest an association
between cognitive impairment and vitamin D deficiency.
Meta-analysis of 5 cross-sectional and 2 longitudinal stud-
ies comprising 7,688 participants showed an increased risk
of cognitive impairment in those with low vitamin D com-
pared with normal vitamin D (OR 2.39, 95% CI 1.91-3.00; p <
0.0001). Conclusions: Methodological limitations of these
studies comprise heterogeneity of study populations, differ-
ent forms of cognitive assessment, the problem of reverse
causality, different definitions of vitamin D deficiency and
inconsistent control for confounders. As the value of vitamin
D substitution in cognitive impairment remains doubtful, a
long-time major placebo-controlled randomized trial of vi-
tamin D supplementation in participants with mild cogni-
tive impairment (MCI) should be started.

Copyright © 2012 S. Karger AG, Basel

Introduction

Recent preventive strategies among patients with
cognitive impairment and dementia include the identi-
fication of risk factors and predictors [1, 2]. As somatic
co-morbidity often contributes to dementia and somatic
risk factors are modifiable, the early detection and treat-
ment of these risk factors offers important opportunities
to delay and to avoid the manifestation of cognitive im-
pairment and dementia [2-4].

Vitamin D (25-hydroxyvitamin D or cholecalciferol)
serves a circulating pool from which the bioactive form
calcitriol (1,25-dihydroxycholecalciferol) is synthesized.
Restricted sunlight exposure, impaired capacity of the
skin to produce vitamin D, and reduced dietary vitamin
D intake can lead to vitamin D deficiency in the elderly,
which affects nearly 50% of older adults [5]. Evidence
from animal and in vitro studies suggests an important
role of vitamin D in brain function. Vitamin D receptors
have been identified in the brain [6]. Vitamin D is linked
with the synthesis of neurotrophic factors and neu-
rotransmitters [7], is involved in the down-regulation of
receptors in memory-relevant regions and is linked with
amyloid phagocytosis and clearance [8, 9] (fig. 1).

Vitamin D deficiency has emerged as a possible so-
matic risk factor and a few recent reviews have already
provided some evidence for an association between vi-
tamin D deficiency and cognitive impairment [10-12].
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tamin D (modified after [10]).

Several recent studies contributed even more intriguing
data regarding this relationship. This systematic review
provides an up-to-date overview of vitamin D and the as-
sociation with cognitive impairment. Based on the evi-
dence available today the value of possible therapeutic
interventions is discussed and proposals for future re-
search are developed.

Methods

A systematic bibliographical research of MedLine litera-
ture and Cochrane database of case-control, cross-sectional,
longitudinal or prospective and interventional studies in
human subjects was performed. This research included the pe-
riod from 1980 to April 2012 and used the following Medical
Subject Heading (MeSH) terms ‘Vitamin D, ‘Dementia,
‘Cognitive Impairment’ and ‘Cognitive Decline. Abstracts were
screened for further items as ‘serum vitamin D concentration’
and ‘cognitive assessment’

We assessed all potentially relevant articles for eligibility.
Inclusion or exclusion of studies was decided hierarchically on
the basis of the (1) study title, (2) the abstract and (3) com-
pleteness of the study. Studies were included if they fulfilled all
the following criteria: (1) either cross-sectional or longitudinal
study, (2) at least 100 participants, (3) association of vitamin D
and cognitive impairment as primary or secondary outcome,
and (4) results presented by odds ratio (OR) or hazard ratio
(HR) values or sufficient data to calculate these parameters
(fig. 2). The primary outcome for this meta-analysis was cog-
nitive impairment. The meta-analysis to pool results from the
individual studies was done with Review Manager (RevMan;
version 5.1 for Macintosh; Copenhagen, Denmark). Pooled re-
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Fig. 2. Flow chart of search strategy.

sults are reported as OR and are presented with 95% CI with
two-sided p values using a random effects model. p < 0.05 was
considered to be statistically significant. Statistical heteroge-
neity was evaluated using the I? statistic, which assessed the
appropriateness of pooling the individual study results. The I?
value provides an estimate of the amount of variance across
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studies because of the heterogeneity rather than chance. Where
> was greater than 50%, heterogeneity was considered to be
high. Moreover, to further investigate the heterogeneity across
studies, we performed sensitivity analyses by dividing studies
into groups according to their main characteristics. Subgroup
analyses were then performed according to age, physical activ-
ity, gender, method used to evaluate cognitive function, mean
sample size of the study populations (less than/at least 500) and
different study populations (community-dwelling/inpatients).
Publication bias was appraised by visual inspection of the fun-
nel plot of effect size against standard error.

A number of studies used the conventional unit (ng/ml)
and others the SI unit (nmol/l). To convert from the conven-
tional unit to the SI unit, multiplication by the conversion fac-
tor 2.496 is required.

Results

Small-Scale, Case-Control and Cohort Studies

The majority of case-control and small cohort studies
in the field suggest that a low serum 25-hydroxyvitamin
D concentration is associated with dementia and cogni-
tive impairment. Among 20 women with mild dementia,
25-hydroxyvitamin D was significantly lower compared
with 40 age-matched cognitively normal female controls
[13]. A decrease of 25-hydroxyvitamin D was observed
in a Japanese study of 58 patients with severe and 42 pa-
tients with mild Alzheimer’s disease in comparison with
100 age-matched community dwelling controls [14]. In
a group of 40 persons with mild Alzheimer Dementia
(AD) compared with 40 non-demented persons, vitamin
D deficiency was associated with worse performance on
the Short Blessed Test (p = 0.044) and higher Clinical
Dementia Rating (p = 0.047) [15]. One study of 21 per-
sons with secondary hyperparathyroidism compared with
63 healthy controls reported an association between a de-
ranged calcium metabolism and impaired neuropsycho-
logical function tests [16]. Among 32 patients attending
a memory clinic, a positive correlation between vitamin
D concentration and Mini-Mental State Examination
(MMSE) was detected [17]. In a cross-sectional study of
60 older American adults, participants with low vitamin
D showed worse results in the Short Blessed Test [18].
However, one of the first studies which compared 16
elderly persons with dementia, who still lived indepen-
dently, with a gender- and age-matched control group, re-
ported no significant difference in vitamin D levels [19].

Problems of these studies consisted in a small sample
size (<100 participants), different definitions of normal
vitamin D level, lack of population-based participants
and lack of adjustment for important confounders.

Vitamin D Deficiency and Cognitive
Impairment

Cross-Sectional Studies

In recent years, larger cross-sectional studies have
been published (table 1): among 225 older outpatients
with probable AD, an association of lower serum 25-hy-
droxyvitamin D(3) levels and MMSE test scores was ob-
served [20]. An investigation of 713 patients receiving
home care revealed an association of 25-hydroxyvita-
min D insufficiency with impaired executive function
and attention/processing speed factors, but not with
memory factors even after multiple adjustments [21].
In a subset (n = 318) of this study population, an as-
sociation of 25-hydroxyvitamin D insufficiency with
all-cause dementia (OR: 2.5; 95% CI 1.2-4.2) and also
with MRI indicators of cerebrovascular disease was re-
ported [22]. Among 4809 elderly participants from the
‘National Health and Nutrition Examination Survey
(NHANES III), lower vitamin D levels were not asso-
ciated with impaired performance on various psycho-
metric measures [23]. An updated analysis of this study
with 3325 NHANES III participants aged >65 years em-
ployed a different adjustment for potential confounders
and incorporated the full range of NHANES III cogni-
tive measures which might reflect a more stable repre-
sentation of cognitive function [24]. Therefore and in
contrast to the first NHANES III study, this group re-
ported an association of severe vitamin D insufficiency
(<25 nmol/l) and cognitive impairment (OR 3.9; 95%
CI 1.5-10.4) [24]. A large British population-based
study (‘Health Survey for England 2000’) examined the
association of cognitive impairment and vitamin D in
1,766 persons aged >65 years. Cognitive impairment
was assessed using the Abbreviated Mental Test that
has a high correlation with the more common MMSE.
After adjusting for multiple other risk factors, the low-
est serum 25-hydroxyvitamin D quartile (8-30 nmol/l)
was associated with cognitive impairment (OR 2.3; 95%
CI 1.4-3.8) [25]. In a population-based cross-sectional
study including 3,133 men with a mean age of 60 years
(‘European Male Ageing Study) lower 25-hydroxyvita-
min D levels were associated with poorer performance
on one cognitive subtest (‘Digit Symbol Substitution
Test’), but not any other cognitive function test [26]. In
another population-based study with 752 women aged
>75 years from the ‘Epidemiologie de I'Osteoporose’
(EPIDOS) cohort, after adjustment for multiple con-
founders, an association of deficient vitamin D concen-
tration (<10 ng/ml) with cognitive impairment assessed
by Pfeiffer Short Portable Mental State Questionnaire
was reported (OR 1.99; 95% CI 1.13-3.52) [27]. An
Irish multicenter study among 387 elderly healthy
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participants reported an association of vitamin insuffi-
ciency and impaired spatial working memory, especially
in women [28]. Annweiler et al. [29] found in 288 older
patients of a French geriatric acute care unit a signifi-
cant association between severe vitamin D deficiency
(<10 ng/ml) and moderately severe to severe dementia
(OR 2.57; 95% CI 1.05-6.27).

Longitudinal Studies

The majority of prospective studies found an as-
sociation between low vitamin D level and cognitive
impairment: in a cohort of 1,604 men enrolled in the
‘Osteoporotic Fractures in Men Study, after more than
4 years men with lower 25(OH)D levels (<50 nmol/l)
showed a nonsignificant association with cognitive im-
pairment [30]. One problem of this study included a
limited study population of only white elderly communi-
ty-dwelling men. A second limitation consisted of a pos-
sible bias by a high-rate of participants lost at follow-up
(about 30%) who were older and had initially lower levels
of vitamin D and cognitive function. The cognitive test-
ing used the Modified MMSE (3MS) and trail B but for
the latter no definition of cognitive impairment exists.
Important and new confounders of cognitive impair-
ment as depression and chronic kidney disease were not
included in this study.

The prospective Italian population-based InNCHIANTI
study with 858 adults aged >65 years, found an asso-
ciation between a severe deficiency of 25-OH-D (<25
nmol/l) at baseline with an increased risk of a substantial
cognitive decline in the following six years measured by
MMSE (OR 1.61; 95% CI 1.19-2.01) [31]. Limitations of
this study are its confinement to exclusively white elderly
participants from a geographically confined area; and a
lack of control for potential for calcium, parathyroid hor-
mone and chronic kidney disease as potential confound-
ers [27, 32].

The French ‘Epidemiology of Osteoporosis Tolouse
Cohort Study (EPIDOS)’ assessed 498 community-
dwelling elderly women free of vitamin D supplements
for 7 years. After adjustment for several confounders, the
authors found a significant association between the high-
est quintile of baseline vitamin D intake and a lower risk
of developing AD (OR 0.23; 95% CI 0.08-0.67) [33].In a
substudy of EPIDOS, among 40 high-functioning older
women an association between vitamin D deficiency at
baseline (<10 ng/ml) and the onset of non-Alzheimer de-
mentia (adjusted OR 19.57, p = 0.042), but not with AD
was reported [34]. Problems of this study comprised the
restriction to well-functioning women, the use of a self-

302 Dement Geriatr Cogn Disord 2012;33:297-305

administration of the food frequency questionnaire and
the lack of a more detailed diagnosis of dementia.

Among a subgroup of 1,639 elderly participants of
the large epidemiology ESTHER study (mean age 74
years), after multiple linear regression low vitamin D
level at baseline was associated with worse cognitive
functioning after 5 years [35]. Limitations included lack
of baseline cognitive assessment and possible self-selec-
tion bias.

In the ‘Study of Osteoporotic Fractures’ with 6,257
community-dwelling elderly women, those with low
vitamin D level (<25 nmol/l) at baseline showed an in-
creased risk of global cognitive decline after 4 years (OR
1.58; 95% CI 1.12-2.22) [36]. Problems incorporated a
selected study population (healthy Caucasian women)
and extrapolation of completion time for one cognitive
test.

Interventional Studies

In a randomized, double-blind, placebo-controlled
study of 139 elderly persons with a history of falls and
low serum level of 25-hydroxyvitamin D (<12 pg/l), a
single intramuscular injection of 600,000 IU ergocalcit-
erol led to a significant improvement of choice reaction
time (-0.06 s vs. +0.41 s; p < 0.01) compared with pla-
cebo [37]. In a prospective study among 63 nursing home
residents, 25 persons with low vitamin D status (serum
vitamin D <25 ng/ml) received oral ergocalciferol 50,000
IU three times weekly for 4 weeks whereas the remaining
individuals received no active medical intervention apart
from their routine care. Although vitamin D concentra-
tion increased in the treatment group, neurocognitive
performance (clock-drawing test and verbal fluency) did
not improve significantly [38].

Meta-Analysis

Five cross-sectional studies including 5,686 partici-
pants could be included in the meta-analysis. Five cross-
sectional could not be included as they did not report OR
or HR values or sufficient data to calculate these param-
eters. For all studies, only the baseline data were used. If
the data were given for quartiles of vitamin D, the first
and fourth quarter were compared. Meta-analytic pool-
ing using a random-effects model showed that partici-
pants with a lower vitamin D concentration (n = 2,518)
had a significantly increased risk of cognitive impair-
ment compared with those with a normal vitamin D con-
centration (n = 3,168) (OR 2.37; 95% CI 1.77-3.17; p <
0.0001) (fig. 3). However, there was a significant hetero-
geneity amongst the studies (d.f. = 4; p = 0.02).

Etgen/Sander/Bickel/Sander/Forstl



Vitamin D deficiency No vitamin D deficiency OR OR
Study or subgroup events total events total Weight M-H, random, 95% CI Year M-H, random, 95% CI
1.1.1 Cross-sectional
McGrath, 2007 245 950 151 944  21.4% 1.83[1.45,2.29] 2007 -
Llewellyn, 2009 100 458 25 432 12.8% 4.55[2.87,7.21] 2009 —
Annweiler, 2010 22 129 56 623 10.8% 2.08[1.22,3.55] 2010 —
Annweiler, 2011 59 138 38 150 11.7% 2.20[1.34,3.63] 2011 ——
Llewellyn, 2011 143 843 85 1,019 19.0% 2.2411.69,2.99] 2011 —m—
Subtotal (95% Cl) 2,518 3,168 75.7% 2.37[1.77,3.17] <>
Total events 569 355
Heterogeneity: Tau2 = 0.07, x2 = 12.25, d.f. =4 (p = 0.02); 12 = 67%
Test for overall effect: Z = 5.81 (p = 0.00001)
1.1.2 Longitudinal
Llewellyn, 2010 19 92 85 1,704  10.4% 3.12[1.80,5.41] 2010 —
Slinin, 2010 71 405 36 401 13.8% 2.16[1.41,3.31] 2010 —
Subtotal (95% CI) 497 1,505 24.3% 2.49[1.74, 3.56] ‘
Total events 90 121
Heterogeneity: Tau2=0.01, x2=1.11,d.f. = 1 (p = 0.29); 12 = 10%
Test for overall effect: Z = 4.99 (p = 0.00001)
Total (95% Cl) 3,015 4,673 100% 2.39[1.91, 3.00] L
Total events 659 476
Heterogeneity: Tau2 = 0.05, x2 = 13.72, d.f. = 6 (p = 0.03); 12 = 56% T T T T T T
Test for overall effect: Z = 7.55 (p = 0.00001) 0102 05 1 2 5 10
Test for subgroup differences: x2=0.04, d.f. = 1 (p = 0.84); 12 = 0% Cognition better Cognition worse

Fig. 3. Forest plot of cross-sectional and longitudinal studies assessing vitamin D concentration and cognitive

impairment.

With longitudinal studies, only two studies could be
included in the meta-analysis. Three studies could not be
included as they did not report OR or HR values or suf-
ficient data to calculate these parameters. Meta-analytic
pooling using a random-effects model also revealed that
participants with vitamin D deficiency had a signifi-
cantly increased risk of incident cognitive impairment at
follow-up compared with those with normal Vitamin D
concentration (OR 2.49; 95% CI 1.74-3.56; p < 0.0001)
(fig. 3). No significant heterogeneity amongst the stud-
ies was observed (d.f. = 1; p = 0.29). To investigate the
possible differences across studies, we performed sensi-
tivity analyses by grouping studies according to various
characteristics (sex, method used to evaluate cognitive
function, mean sample size of the study populations [less
than/at least 500] and different study populations [com-
munity-dwelling/inpatients]). We observed no signifi-
cant change in the results. In contrast, age and physical
activity contributed significantly to the observed hetero-
geneity between the studies.

Funnel plots of effect size versus standard error to
investigate possible publication bias were broadly sym-
metrical, suggesting the absence of publication bias.

Vitamin D Deficiency and Cognitive
Impairment

Discussion

Systematic research of current data from cross-sec-
tional and longitudinal studies suggests an association
between cognitive impairment and vitamin D deficiency.
This result is supported by a meta-analysis suggesting a
more than doubled risk of cognitive impairment in vi-
tamin D deficiency. Interventional studies of vitamin D
supplementation were underpowered (small study popu-
lation, short study time).

Differences among the studies may be partially ex-
plained by several methodological problems, which in-
clude heterogeneity of study populations, different forms
of cognitive assessment, the problem of reverse causality,
different definitions of vitamin D insufficiency and in-
consistent control for confounders.

Several studies examined selected groups of in- or
out-patients with either mild cognitive impairment
(MCI) or dementia [20, 21, 29] whereas in other studies
community-dwelling noninstitutionalized participants
were reviewed [23, 24, 26, 27].

The assessment of cognitive function showed a great
variability between the different studies and may further
contribute to the divergent results. Studies with subtests
exploring specific aspects of cognition, such as learning
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or memory tasks did not show any association with vi-
tamin D concentrations [23] whereas studies assessing
global cognitive performance (Clinical Dementia Rating
or MMSE) reported a significant association with vita-
min D insufficiency [11]. Another problem of cognitive
assessment consisted of the employment either as a cat-
egorical variable [23] or as a continuous score without
checking for the normality of its distribution [15, 17].

Reverse causality represents another problem, as cross-
sectional studies cannot determine whether low levels of
vitamin D cause cognitive impairment. Instead, cognitive
impairment may lead to reduced outdoor activity with
impaired sunlight exposure and reduced oral intake of vi-
tamin D, both leading to vitamin D insufficiency. Several
studies considered this by using confounders as season of
sampling and physical activity level [24].

As there is no established definition of vitamin D defi-
ciency, different threshold values of vitamin D deficiency
have been used throughout the studies, which may also
explain conflicting results. Several studies used a thresh-
old of 50 nmol/I [20, 30] whereas in most other studies
levels below 25 nmol/l were defined as deficient or even
severe deficient [21, 23-26, 29]. According to an interna-
tional expert panel, the minimum desirable concentra-
tion level of 25-hydroxyvitamin D for the skeleton and
for fracture prevention varied between 50 (preferably 70)
and 80 nmol/l [39] but levels for cognitive function have
not been defined.

The different inclusion of potential confounders is
another critical point. A number of studies have used
only a few confounders [20, 26], whereas others con-
sidered many confounding factors (table 1) [24, 27].
Confounders which received increasing attention over
recent years had been left out before: depression and
chronic kidney disease.
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Disclosure Statement

Hans Forstl has received grants and speaker’s fees from all
relevant companies offering neuropsychiatric substances in
Germany, Austria, and Switzerland. All other authors have no
current or potential conflicts of interest.

>

>

>3

>4

Schipper HM: Apolipoprotein E: implica-
tionsfor AD neurobiology, epidemiologyand
risk assessment. Neurobiol Aging 2011;32:
778-790.

Barnes DE, Yaffe K: The projected effect of
risk factor reduction on Alzheimer’s disease
prevalence. Lancet Neurol 2011;10:819-828.
Etgen T, Bickel H, Forstl H: Metabolic and
endocrine factors in mild cognitive impair-
ment. Ageing Res Rev 2010;9:280-288.
Bickel H, Mosch E, Seigerschmidt E, Siemen
M, Forstl H: Prevalence and persistence of
mild cognitive impairment among elderly
patientsin general hospitals. Dement Geriatr
Cogn Disord 2006;21:242-250.

»s5

»6

»7

van der Wielen RP, Lowik MR, van den Berg
H, de Groot LC, Haller ], Moreiras O, van Sta-
veren WA: Serum vitamin D concentrations
among elderly people in Europe. Lancet
1995;346:207-210.

Eyles DW, Smith S, Kinobe R, Hewison M,
McGrath JJ: Distribution of the vitamin D
receptor and 1 alpha-hydroxylase in human
brain. ] Chem Neuroanat 2005;29:21-30.
Garcion E, Wion-Barbot N, Montero-Menei

>3

»9

CN, Berger F, Wion D: New clues about vi- P10

tamin D functions in the nervous system.
Trends Endocrinol Metab 2002;13:100-105.

304

Dement Geriatr Cogn Disord 2012;33:297-305

Brewer LD, Thibault V, Chen KC, Langub
MC, Landfield PW, Porter NM: Vitamin D
hormone confers neuroprotection in paral-
lel with downregulation of L-type calcium
channel expression in hippocampal neurons.
J Neurosci 2001;21:98-108.

Dickens AP, Lang IA, Langa KM, Kos K,
Llewellyn DJ: Vitamin D, cognitive dysfunc-
tionand dementiain older adults. CNS Drugs
2011;25:629-639.

Annweiler C, Schott AM, Berrut G, Chau-
vire V, Le Gall D, Inzitari M, Beauchet O:
Vitamin D and ageing: neurological issues.
Neuropsychobiology 2010;62:139-150.

Etgen/Sander/Bickel/Sander/Forstl



>11

>12

»13

> 14

»15

»16

»17

»138

»19

»20

»21

Annweiler C, Allali G, Allain P, Bridenbaugh
S, Schott AM, Kressig RW, Beauchet O: Vita-
min D and cognitive performance in adults:
a systematic review. Eur | Neurol 2009;16:
1083-1089.

Grant WB: Does vitamin D reduce the risk
of dementia? ] Alzheimers Dis 2009;17:
151-159.

Kipen E, Helme RD, Wark JD, Flicker L:
Bone density, vitamin D nutrition, and
parathyroid hormone levels in women
with dementia. ] Am Geriatr Soc 1995;43:
1088-1091.

Sato Y, Honda Y, Hayashida N, Iwamoto J,
Kanoko T, Satoh K: Vitamin K deficiencyand
osteopenia in elderly women with Alzheim-
er’s disease. Arch Phys Med Rehabil 2005;
86:576-581.

Wilkins CH, Sheline YI, Roe CM, Birge S],
Morris JC: Vitamin D deficiency is associ-
ated with low mood and worse cognitive
performance in older adults. Am ] Geriatr
Psychiatry 2006;14:1032-1040.

Jorde R, Waterloo K, Saleh F, Haug E, Svar-
tberg J: Neuropsychological function in re-
lation to serum parathyroid hormone and
serum 25-hydroxyvitamin D levels. The
Tromso study. ] Neurol 2006;253:464-470.
Przybelski R], Binkley NC: Is vitamin D im-
portant for preserving cognition? A positive
correlation of serum 25-hydroxyvitamin D
concentration with cognitive function. Arch
Biochem Biophys 2007;460:202-205.
Wilkins CH, Birge SJ, Sheline YI, Morris JC:
Vitamin D deficiencyisassociated with worse
cognitive performance and lower bone den-
sity in older African Americans. ] Natl Med
Assoc 2009;101:349-354.

Nes M, Sem SW, Rousseau B, Bjorneboe GE,
Engedal K, Trygg K, Pedersen JI: Dietary in-
takes and nutritional status of old people with
dementia living at home in Oslo. Eur J Clin
Nutr 1988;42:581-593.

Oudshoorn C, Mattace-Raso FU, van der
Velde N, Colin EM, van der Cammen TJ:
Higher serum vitamin D; levels are associat-
ed with better cognitive test performance in
patients with Alzheimer’s disease. Dement
Geriatr Cogn Disord 2008;25:539-543.
Buell JS, Scott TM, Dawson-Hughes B, Dal-
lal GE, Rosenberg IH, Folstein ME, Tucker
KL: Vitamin D is associated with cognitive
function in elders receiving home health ser-
vices. ] Gerontol A Biol Sci Med Sci 2009;64:
888-895.

Vitamin D Deficiency and Cognitive
Impairment

»22

»23

»24

»25

»26

»27

»28

»29

»30

Buell ]S, Dawson-Hughes B, Scott TM,
Weiner DE, Dallal GE, Qui WQ, Bergethon
P, Rosenberg IH, Folstein MF, Patz S, Bhade-
lia RA, Tucker KL: 25-Hydroxyvitamin D,
dementia, and cerebrovascular pathology in
elders receiving home services. Neurology
2010;74:18-26.

McGrath J, Scragg R, Chant D, Eyles D,
Burne T, Obradovic D: No association be-
tween serum 25-hydroxyvitamin D; level
and performance on psychometric tests in
NHANES III. Neuroepidemiology 2007;29:
49-54.

Llewellyn DJ, Lang IA, Langa KM, Melzer D:
Vitamin D and cognitive impairment in the
elderly US population. ] Gerontol A Biol Sci
Med Sci 2011;66:59-65.

Llewellyn DJ, Langa KM, Lang IA: Serum
25-hydroxyvitamin d concentration and
cognitive impairment. ] Geriatr Psychiatry
Neurol 2009;22:188-195.

Lee DM, Tajar A, Ulubaev A, Pendleton
N, O'Neill TW, O’Connor DB, Bartfai G,
Boonen S, Bouillon R, Casanueva FE Finn
JD, Forti G, Giwercman A, Han TS, Huhta-
niemi IT, Kula K, Lean ME, Punab M, Silman
AJ, Vanderschueren D, Wu FC: Association
between 25-hydroxyvitamin D levels and
cognitive performance in middle-aged and
older European men. J Neurol Neurosurg
Psychiatry 2009;80:722-729.

Annweiler C, Schott AM, Allali G, Briden-
baugh SA, Kressig RW, Allain P, Herrmann
FR, Beauchet O: Association of vitamin D de-
ficiency with cognitive impairment in older
women: cross-sectional study. Neurology
2010;74:27-32.

Seamans KM, Hill TR, Scully L, Meunier N,
Andrillo-Sanchez M, Polito A, Hininger-
Favier I, Ciarapica D, Simpson EE, Stew-
art-Knox BJ, O’Connor JM, Coudray C,
Cashman KD: Vitamin D status and mea-
sures of cognitive function in healthy older
European adults. Eur J Clin Nutr 2011;64:
1172-1178.

Annweiler C, Fantino B, Le Gall D, Schott
AM, Berrut G, Beauchet O: Severe vitamin
D deficiency is associated with advanced-
stage dementia in geriatric inpatients. ] Am
Geriatr Soc 2011;59:169-171.

Slinin Y, Paudel ML, Taylor BC, Fink HA,
Ishani A, Canales MT, Yaffe K, Barrett-Con-
nor E, Orwoll ES, Shikany JM, Leblanc ES,
Cauley JA, Ensrud KE: 25-Hydroxyvitamin
D levels and cognitive performance and
decline in elderly men. Neurology 2010;74:
33-41.

»31

»32

33

>34

»35

36

»37

» 38

»39

» 40

Llewellyn DJ, Lang IA, Langa KM, Muniz-
Terrera G, Phillips CL, Cherubini A, Ferrucci
L, Melzer D: Vitamin D and risk of cogni-
tive decline in elderly persons. Arch Intern
Med 2010;170:1135-1141.

Etgen T, Sander D, Chonchol M, Briesenick
C, Poppert H, Forstl H, Bickel H: Chronic
kidney disease is associated with incident
cognitive impairment in the elderly: the IN-
VADE study. Nephrol Dial Transplant 2009;
24:3144-3150.

Annweiler C, Rolland Y, Schott AM, Blain H,
Vellas B, Herrmann FR, Beauchet O: Higher
vitamin D dietary intake is associated with
lower risk of alzheimer’s disease: a 7-year fol-
low-up. ] Gerontol A Biol Sci Med Sci 2012
[Epub ahead of print].

Annweiler C, Rolland Y, Schott AM, Blain
H, Vellas B, Beauchet O: Serum vitamin D
deficiency as a predictor of incident non-
Alzheimer dementias: a 7-year longitudinal
study. Dement Geriatr Cogn Disord 2011;32:
273-278.

Breitling LP, Perna L, Muller H, Raum E,
Kliegel M, Brenner H: Vitamin D and cogni-
tive functioning in the elderly population in
Germany. Exp Gerontol 2012;47:122-127.
Slinin Y, Paudel M, Taylor BC, Ishani A,
Rossom R, Yaffe K, Blackwell T, Lui LY, Ho-
chberg M, Ensrud KE: Association between
serum 25(OH) vitamin D and the risk of
cognitive decline in older women. ] Gerontol
A Biol Sci Med Sci 2012.

Dhesi JK, Jackson SH, Bearne LM, Moniz C,
Hurley MV, Swift CG, Allain TJ: Vitamin D
supplementation improves neuromuscular
function in older people who fall. Age Ageing
2004;33:589-595.

Przybelski R, Agrawal S, Krueger D, Engelke
JA, Walbrun F, Binkley N: Rapid correction
of low vitamin D status in nursing home res-
idents. Osteoporos Int 2008;19:1621-1628.
Dawson-Hughes B, Heaney RP, Holick MF,
Lips P, Meunier PJ, Vieth R: Estimates of op-
timal vitamin D status. Osteoporos Int 2005;
16:713-716.

Etgen T, Sander D, Bickel H, Forstl H: Mild
cognitive impairment and dementia: the
importance of modifiable risk factors. Dtsch
Arztebl Int 2011;108:743-750.

Dement Geriatr Cogn Disord 2012;33:297-305

305




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


