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Vitamin D and cognitive performance in adults: a systematic review
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Keywords: Chronic low serum 25-hydroxyvitamin D (250HD) concentrations are common in
ageing, cognition, vitamin  adults and are associated with numerous non-skeletal diseases. Vitamin D receptors
D (VDR) are located in the human cortex and hippocampus, which are key areas for
cognition. The objective of this study was to systematically review all published data
from the past 30 years which examined the association between serum 250HD con-
centrations and cognitive performance in adults. An English and French Medline,
PsycINFO® and Cochrane Library search ranging from 1979 to 2008 indexed under
the Medical Subject Heading (MeSH) terms “Vitamin D’ or ‘Hydroxycholecalciferols’
combined with the terms ‘Dementia’ or ‘Cognition’ or ‘Cognition Disorders’ or
‘Delirium’ or ‘Memory’ or ‘Memory Disorders’ or ‘Orientation’ or ‘Executive Func-
tions’ or ‘Attention’ or ‘Brain’ or ‘Neuropsychological Tests’ was performed. Of the 99
selected studies, five observational studies met the selection criteria and were included
in the final analysis. No prospective cohort study was found. The number of partic-
ipants ranged from 32 to 9556 community-dwelling older adults (45-65% women).
Three studies showed four significant positive associations between serum 250HD
concentrations and global cognitive functions, whereas three other studies exploring
specific aspects of cognition showed 11 non-significant associations. This systematic
review shows that the association between serum 250HD concentrations and cogni-
tive performance is not yet clearly established. The inconclusive results of the reviewed
studies could be due to methodology, types of the cognitive tasks used and/or the
cellular mechanisms of vitamin D.
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hormone which may regulate neurotransmission,
neuroprotection, neuroimmunomodulation and brain
processes [4,5].

Introduction

Chronic low serum vitamin D concentration in the

elderly is an important public health concern due to its
high prevalence of 50-80% and to the increased inci-
dence of related adverse health events such as bone,
cardiovascular, epileptic, neoplasic, or infectious dis-
eases [1-4]. Indeed, vitamin D is not only involved in
bone metabolism. It has multiple biological targets
mediated by vitamin D receptors (VDR) present in
many cells [4,5], including neurons and glial cells [4]. In
both humans and animals, vitamin D is a neurosteroid
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VDR have been located in the human cortex and
hippocampus [4], which are key areas for cognitive
functioning, and their absence has been associated
with neurodegenerative dementia such as Alzheimer’s
disease (AD) [6]. The relationship between serum 25-
hydroxyvitamin D (250HD) concentration and cog-
nitive function was uncertain until the recent position
paper by Buell and Dawson-Hughes which supported
a potentially beneficial role of 250HD on cognitive
functioning [5]. Based on these results [5] and on the
knowledge that low serum 250HD concentrations are
associated with an increased risk of developing sev-
eral diseases including AD [7], we performed a sys-
tematic review of all published data over the past
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30 years which examined the association between
serum 250HD concentrations and cognitive perfor-
mance in adults.

Methods

Literature search

An English and French systematic Medline literature
search of cohort, case—control and transverse studies on
humans aged 19 years and older, published from Jan-
uary 1979 to December 2008, using the Medical Subject
Heading (MeSH) terms ‘Vitamin D’ or ‘Hydroxy-
cholecalciferols’ combined with the terms ‘Dementia’
or ‘Cognition” or ‘Cognition Disorders’ or ‘Delirium’
or ‘Memory’ or ‘Memory Disorders’ or ‘Orientation’ or
‘Executive Functions’ or ‘Attention’ or ‘Brain’ or
‘Neuropsychological Tests” was performed. The search
also included the Cochrane Library, the PsycINFO®
database of the American Psychological Association,
and the reference lists of the retrieved articles. In order
to ensure a comprehensive approach, additional key
studies known to the authors that did not meet the
search criteria were lastly included.

Study selection and analysis

Abstract selection was based on the STrengthening the
Reporting of OBservational studies in Epidemiology
(STROBE) checklist which describes items that should
be included in reports of cohort studies [8]. Abstracts
identified with the literature search were independently
evaluated by two reviewers (CA and OB). From ab-
stracts which fulfilled the initial inclusion criteria (data
collection of serum 250HD concentration and either
cognitive status or diagnosed dementia as outcomes),
full articles were obtained for the final analysis. Since
subjects cannot be their own controls in cross-sectional
observational studies, a control group was required to
assess the association of vitamin D deficiency with
cognitive impairment. To improve the quality of the
review, we only included studies which used a regres-
sion model to explore the association between serum
250HD concentrations and cognitive performance.
Final selection criteria were therefore applied when
serum 250HD concentration and cognitive perfor-
mance were provided, when the association between
serum 250HD concentrations and cognitive perfor-
mance was analyzed and when a healthy control group
was included. The study selection is shown on a flow
diagram (Fig. 1).

Of the 99 originally identified abstracts, 13 met the
initial inclusion criteria. Thorough examination ex-
cluded eight of those 13 studies [9-16] because the

Reports considered
n=99

Title and abstract screening

Excluded, n = 86

Duplication (46)

Case report (12)
— Position paper (4)
Cognition not outcome (16)
Vitamin D not outcome (5)
Vitamin D intake as outcome (2)
Younger than 19 (1)

Full reports retrieved
n=13

Fulltext assessment
Excluded, n =8
No healthy control group (2)
Association between vitamin K and cognition (1)
No association studied (5)

Manuscript included in review
N=5

Figure 1 Flow diagram of selection of studies focusing on vitamin
D concentration.

control group was not healthy (» = 2) and no asso-
ciation between serum 250HD concentrations and
cognitive performance or status was analyzed (com-
parison demented/non-demented, n = 5; association
between vitamin K and cognition, n = 1). The
remaining five studies were included in this review
[17-21].

Results

Table 1 summarizes the five observational studies in-
cluded in this review [17-21]. The number of partici-
pants ranged from 32 to 9556 [19,20]. Women
represented 45-65% of the studied populations [17,21].
All studies examined the association between serum
250HD concentration and cognitive performance in
community-dwelling older adults [17-21]. Data collec-
tion was based on a case—control [17] or cross-sectional
design [18-21], and linear regression models were used
to explore the association between serum 250HD
concentrations and cognitive performance. No longi-
tudinal prospective cohort study was found. Regarding
the outcomes, three studies used the serum 250HD
concentration as a continuous variable in the regression
[17,19,21], whereas the other two [18,20] used a cate-
gorized variable (insufficiency/deficiency for 250HD
concentrations lower than 20 and 10 ng/ml respectively,
and quintiles). Although two studies did not take any
confounders into account [17,19], three accounted for
age, gender, ethnicity, solar exposition, educational
level, and serum concentrations of vitamin B1, B6 and
B12 [18,20,21]. Tests evaluating global cognitive func-
tion (Mini Mental State Examination (MMSE),
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Clinical Dementia Rating (CDR), Short Blessed Test
(SBT)) [18,19,21] and tasks assessing specific cognitive
functions (executive function, speed of information
processing, language, verbal fluency, intelligence,
learning and memory) [17,18,20] were used as outcome
measures. Due to the heterogeneity of the methods, the
results could not be meta-analyzed. Wilkins et al. [18§],
Przybelski et al. [19] and Oudshoorn et al. [21] showed
four significant positive associations between global
cognitive efficiency measures and serum 250HD con-
centrations, whereas Jorde ez al. [17], Wilkins et al. [18]
and McGrath et al. [20] showed, mainly with specific
cognitive measures, 11 results without significant posi-
tive association.

Discussion

Incongruous results were observed in the five observa-
tional clinical studies analyzed in this systematic review:
some found a significant positive association between
serum 250HD concentrations and cognitive perfor-
mance, whereas others failed to show any significant
association. These inconclusive findings raise a number
of issues that mainly concern the choice of cognitive
tasks, the heterogeneity of studied populations, the lack
of control of confounders, the methodology of reviewed
studies, and the cellular mechanisms of vitamin D.
Inconsistent findings may be partially due to the
choice of the cognitive tasks used to assess cognitive
performance. The studies which failed to show any
significant association between 250HD concentrations
and cognitive performance (Table 1) used tasks that
explored specific aspects of cognition [17,18,20],
whereas those which showed significant positive asso-
ciations (Table 1) examined global cognitive function
using composite neuropsychological tests [18,19,21].
For example, Wilkins et al. [18] found a significant
positive association between low serum 250HD con-
centrations and low scores on the SBT and the CDR.
Przybelski et al. [19] and Oudshoorn et al. [21] high-
lighted a significant positive linear correlation between
serum 250HD concentrations and MMSE scores. It
should be noted that the only non-significant positive
association with MMSE score [18] should be mitigated
because of a controversial threshold for low serum
250HD concentrations. 250HD insufficiency was de-
fined as serum concentrations lower than 20 ng/ml, al-
though six international experts proposed a consensual
threshold of 30 ng/ml in 2005 [22]. Furthermore, serum
250HD concentrations did not appear to be associated
with the specific cognitive tasks used so far. Wilkins
et al. [18] and McGrath et al. [20] also found no sig-
nificant positive association between serum 250HD
concentrations and executive and learning functions.

What is more, Jorde et al. failed to highlight any sig-
nificant association with various specific cognitive
tasks, but their results were less reliable as no adjust-
ment for confounders was made [17]. It therefore re-
mains unclear which specific cognitive functions are
affected in vitamin D deficiency. Some authors have
suggested that vitamin D insufficiency could be associ-
ated with AD [5,6]. Since AD patients typically exhibit
deficits in explicit episodic memory [23], it could be
argued that impairment of this specific cognitive do-
main may be associated with low serum 250HD con-
centrations. Exploring the association between serum
250HD concentration and explicit episodic memory
might thus be useful in addressing the heterogeneity of
cognitive impairment in vitamin D deficient elderly and
in predicting cognitive outcomes in vitamin D insuffi-
ciency. In our opinion, further studies are needed to
explore the relationship between 250HD insufficiency
and cognition in normal and pathological aging using
cognitive tasks that assess specific cognitive processes.

Discrepant results amongst observational studies
may also result from their small sample size, as only one
of the five studies analyzed in this review included more
than 250 subjects [20]. A further limitation is the hete-
rogeneity of the studied populations. As an example,
only patients with elevated serum parathyroid hormone
(PTH) were tested in the Jorde e al. study [17],
although specific roles of vitamin D and PTH on cog-
nition have not yet been fully elucidated. It has indeed
been suggested that the non-skeletal effects of 25SOHD
insufficiency could be due to PTH and not to a direct
action of vitamin D [3,24]. 25OHD insufficiency indeed
triggers a series of reactions, including elevation of
serum PTH concentrations [3,24]. The association of
such increased PTH levels with cognition has been
known for a long time in patients with primary hyper-
parathyroidism. The clinical features of hyperparathy-
roidism include dementia [25], which was reversed in
one study after parathyroidectomy [25]. Moreover, only
AD patients were selected in Oudshoorn et al’s study
[21], whilst Wilkins ez al. [18] compared groups of AD
patients to a group of non-demented subjects. In
addition, Pryzbelski et al. [19] examined only older
adults referred to a clinic for memory disorders, whilst
McGrath et al. [20] reviewed adults of all ages that were
part of large epidemiological survey.

Differences of methodology in the studies analyzed in
this review may also partly explain the inconclusive
results. Firstly, the study designs were limited to case—
control and cross-sectional studies, providing not only a
low level of proof in exploring an association between
two variables, but do not allow any causal inference
compared to prospective longitudinal cohort studies
[26]. Secondly, the conditions of serum preservation
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might account for potential conflicting results. All
studies stated that serum 250HD concentrations were
assayed with identical radioimmunoassay kits (Diaso-
rin, Stillwater, MN, USA) [17-21]. However, amongst
the five studies, none indicated the duration and
methods of serum collection and preservation before
250HD assay. The effects of temperature, light and
long-term serum storage on measurements are not
certain, especially regarding 250HD stability. Serum
250HD rate may therefore not always be 100% safe
and conduct to divergent conclusions.

Another explanation of inconclusive results may be
due to normal human VDR gene polymorphism [3].
Indeed, the latest experimental publications suggest
that this gene polymorphism could explain the existence
of responders and non-responders to vitamin D sub-
stitution [27] and could also be involved in neuronal
damage and neurodegenerative diseases. As an exam-
ple, Poduslo et al. [28] demonstrated that three markers
on chromosome 12, on which the VDR gene is located,
were associated with the development of late-onset AD.
To the best of our knowledge, three studies addressed
the relationship between VDR gene polymorphism and
neurodegenerative diseases with mixed results [29-31].
Although late-onset AD was associated with neither the
Foql genotype [29] nor the Tagl genotype [30], Gezen-
Ak et al. [30] showed, amongst 104 AD cases and 109
aged-matched controls, a significant association be-
tween AD and the Apal polymorphism, with the pres-
ence of the ‘Aa’ genotype associated with a 2.3-fold
higher risk developing AD compared to the ‘AA’
genotype. Also in this study, the ‘4ATT’ combined
genotype was more often present in healthy controls
than in patients with AD, suggesting a protective effect
on AD [30]. Moreover, Bsml polymorphism has re-
cently been associated with Parkinson’s disease, the
allele ‘> and homozygosity ‘bb’ being more frequent
amongst 85 cases compared to 231 controls [31]. The
impact of VDR genetic polymorphism on cognition is
still far from being completely defined. As a conse-
quence, it should be systematically taken into account
when assessing the neurological and cognitive effects of
vitamin D on individuals or populations.

It is now better recognized that vitamin D could play
a part in the nervous system. In animal experiments,
vitamin D has antiepileptic, neuroprotective and
immunomodulating properties and is involved in neu-
rotransmitter metabolism and the synthesis of certain
growth factors such as GDNF [4]. Vitamin D is also
involved in the development and maturation of the
brain [32]. In addition to this central action, vitamin D
also acts on the peripheral nervous system. A reduction
of nerve conduction velocity is reportedly associated
with vitamin D deficiency [33]. As in other non-skeletal

© 2009 The Author(s)
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targets, vitamin D exerts its effects along genomic and
non-genomic pathways [4]. VDR have also been char-
acterized in some brain regions, especially in the hip-
pocampus, hypothalamus, limbic system as well as in
cortical, subcortical and spinal motor areas [4,5]. At the
cellular level, these receptors are present on both neu-
rons and glial cells [4,5]. VDR-knockout mice models
have shown that the genetic ablation leading to
expression of non-functional VDR in the brain was
associated with anxiety and motor disorders such as a
decreased swimming capacity and an increase in unco-
ordinated swimming movements, suggesting the essen-
tial role of vitamin D in motor control [34,35].

In humans, indirectly via an improvement of atten-
tional capacities and independently of an action on
muscle, vitamin D appeared to stabilize postural equi-
librium in the elderly [36]. Dhesi et al. have also dem-
onstrated that vitamin D supplementation in older
adults with a history of falls significantly decreased
reaction times to stimuli and improved postural equi-
librium independently of any effect on muscle [36].

To be fully comprehensive, it should be noted that
intervention studies, like observation studies, have
demonstrated inconsistent results concerning the effects
of vitamin D supplementation on cognitive functions.
Even if Rondanelli et al. [37] showed a significant
negative correlation between dietary intake of vitamin
D and poor performance on cognitive tests (r = 0.35,
P < 0.01) amongst 69 community-dwelling healthy el-
derly people (mean age 84 + 7 years), the only recent
prospective clinical trial found no cognitive efficacy of a
short course, high dose, oral vitamin D supplementa-
tion of 25 vitamin D deficient nursing home residents
(mean age 86.2 + 2.3 years) [38] compared to the non-
supplemented controls. The failure to demonstrate an
effect of vitamin D on cognitive performance could be
related to the short follow-up of less than 4 months
after starting treatment [38], and to the effects of con-
founders such as the serum PTH levels [3,24], the
presence of medical conditions which may preclude the
possibility of a response [3], or the cognitive and mental
conditions of the nursing home residents which were
not given in this study, other that they could walk and
give consent [38].

In conclusion, this systematic review shows that the
association between 250HD concentrations and cog-
nitive performance remains uncertain because of
inconclusive results. The choice of cognitive tasks, the
methodology of the reviewed studies and the cellular
mechanisms of vitamin D may explain such discre-
pancies. We suggest that 250HD insufficiency likely
negatively affects specific cognitive functions, such as
explicit episodic memory, which have not yet been
sufficiently investigated. Well-designed longitudinal

Journal compilation © 2009 EFNS European Journal of Neurology 16, 1083-1089
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prospective cohort studies are required to determine
such associations.
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