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Abstract: Hypovitaminosis D is associated with cognitive decline in the elderly, but the issue of causality remains 
unresolved. Definitive evidence would include the visualization of brain lesions resulting from hypovitaminosis D. The 
aim of the present article is to determine, through a literature review, the location and nature of possible brain disorders in 
hypovitaminosis D. We found limited brain-imaging data, which reported ischemic infarcts and white matter 
hyperintensities in hypovitaminosis D, though did not provide their specific location or report any focal atrophy. Based on 
the finding of executive dysfunctions (i.e., mental shifting and information updating impairments) in the presence of 
hypovitaminosis D, we suggest that hypovitaminosis D is associated with a dysfunction of the frontal-subcortical neuronal 
circuits, particularly the dorsolateral circuit. Further imaging studies are required to corroborate this assumption and to 
determine whether hypovitaminosis D results in degenerative and / or vascular lesions. 
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INTRODUCTION 

 Vitamin D is a secosteroid hormone and its deficiency 
has been associated with a variety of systemic diseases 
including brain dysfunction [1-10]. In particular, research 
studies during the past five years have repeatedly shown an 
association between hypovitaminosis D and both global and 
domain-specific declines in cognitive performance [4]. The 
strength of these associations is yet limited by the cross-
sectional design of the studies, which prevents determining 
whether dementia precipitates hypovitaminosis D or whether 
hypovitaminosis D has a role in precipitating cognitive dec-
line and dementia. Definitive evidence to infer causality 
would be to visualize an impact of hypovitaminosis D on the 
brain, for example to highlight some brain variation specifi-
cally related to hypovitaminosis D. In particular, several 
brain structures may be affected by low levels of vitamin D 
since this neurosteroid hormone has been experimentally 
shown to have anti-neurodegenerative as well as anti-ische-
mic effects, by binding to the neuronal Vitamin D Receptors 
(VDR) [1-3]. Determining which part of the brain varies in 
the presence of hypovitaminosis D, and by which mecha-
nism, therefore seems crucial. We wished to underline in this 
manuscript new prospects in the understanding of vitamin D 
action in the brain. In particular, our aim was to determine 
from the literature the location and nature of possible brain 
lesions in older adults with hypovitaminosis D. 
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METHODS 

 In general, the location of a brain lesion can be investi-
gated in two ways: either it can be located by paraclinical 
techniques, including morphological and functional brain 
imaging or electroencephalography; or it is the result of a 
clinical reflection based on the interpretation of the neuro-
logical signs, which are usually closely linked to the strategic 
location of the damage. To be as comprehensive as possible, 
we examined all references to vitamin D in the brain-
imaging and clinical literatures. 

RESULTS 

 First, we found that the literature of brain imaging has 
yielded only one study on this specific issue [5]. In this 
study, the authors did not find a significant association 
between vitamin D status and hippocampal volume among a 
cohort of 318 older community-dwelling subjects (mean age 
73.5±8.1 years, 72.6% women). However, it was found that 
ischemic infarcts (16.1% versus 6.9%, P<0.01) and white 
matter hyperintensities (higher volume: 4.9 versus 2.9 mL, 
P=0.004; and higher grade: 3.2 versus 2.2, P=0.02) were 
associated with hypovitaminosis D [5]. Nevertheless, this 
study did not specify the location of the vascular lesions and 
did not seek other focal atrophies. 
 Second, the analysis of the literature on clinical signs of 
hypovitaminosis D helped to identify brain areas of interest. 
More precisely, previous studies found significant associa-
tions between serum 25-hydroxyvitamin D concentrations 
(25OHD) and scores on domain-specific cognitive tests 
assessing executive functions. Executive functions refer to a 
heterogeneous set of high-level processes that control and 
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regulate other abilities and behaviours [11]. More precisely, 
executive functions can be grouped into three specific areas: 
mental shifting (i.e., the ability to move from one cognitive 
operation to another), cognitive inhibition (i.e., the ability to 
inhibit an automatic response), and information updating 
(i.e., updating information in working memory) [11]. Each 
subdomain of executive functions can be tested separately 
with specific psychometric measures, and a possible link 
between vitamin D level and each sub-test score can be 
explored. In particular, Buell et al., [7] found among 1,080 
older adults (75 years; 76% female) that serum 25OHD 
concentration was associated with better mental shifting 
performance illustrated by lower score on the part B of the 
Trail Making Test (TMT B) (β= -0.73 with P=0.02) after 
adjustment for age, gender, body mass index, education 
level, kidney function, level of physical activity, alcohol 
consumption, center and season tested. A longitudinal cohort 
study by Llewellyn et al., [8] confirmed the link between 
vitamin D and mental shifting by showing among 858 adults 
aged 65 and older, followed over 6 years, the relative risk for 
significant decline in TMT B score was 1.31 [95% CI: 1.03-
1.51] among subjects initially deficient in vitamin D 
compared to those with a normal vitamin D status, even after 
adjustment for age, gender, education level, initial TMT B 
score, alcohol and tobacco consumption, depression, energy 
intake, rate of vitamin E, degree of mobility and season 
tested. Parallel, an association was also found between low 
levels of vitamin D and impaired updating performance 
assessed with a task of spatial working memory [9]. In this 
study, the authors examined 387 European aged 55 to 87 
years (49.4% female). The results showed that the serum 
25OHD concentration was inversely correlated with the total 
number of errors in the task (r= -0.174, P<0.003) [8]. In 
addition, subjects belonging to the highest tertile of 25OHD 
made fewer errors than those in the lowest tertile of 25OHD 
(P=0.04) [8]. Finally, Jorde et al., [10] explored the associa-
tion between vitamin D and cognitive inhibition using the 
Stroop test in 148 adults aged 62 years on average (46% 
female). In this study, the authors failed to find a significant 
association between serum 25OHD concentrations and the 
Stroop test score Parts 1 and 2 (β=0.12 with t=1.05) or Part 3 
(β= -0.07 t= -0.68) after adjustment for age, gender, body 
mass index, education level, health status and serum 
parathyroid hormone concentration [9]. 

DISCUSSION 

 The identification of the impact of hypovitaminosis D on 
the brain through the use of imaging techniques has received 
little attention to date. The limited available data reported 
more ischemic infarcts and white matter hyperintensities in 
the presence of hypovitaminosis D, but did not provide the 
location of these vascular lesions and reported no focal 
atrophies. In contrast, a growing body of neuropsychological 
research has demonstrated impairments in executive func-
tions, particularly in mental shifting and information update-
ing, among adults with hypovitaminosis D [7-10]. Since the 
expression of a neurological injury is directly related to its 
location, the detailed analysis of the neuropsychological 
signs observed in hypovitaminosis D should help to identify 
brain areas of interest to evaluate in future studies. 

 Anatomically, executive functions are primarily under-
pinned by the frontal lobes, but subcortical structures are 
also involved. At the cortical level, the prefrontal cortex is 
the structure devoted to executive functions and is the only 
cortical region capable of integrating memory and motiva-
tional, emotional and somatosensory information towards 
achieving a single action [12-14]. At the subcortical level, 
the caudate nucleus, the putamen, the pallidum, the nucleus 
accumbens and the thalamus are connected to the frontal 
cortex by three main frontal-subcortical neuronal circuits: the 
dorsolateral, orbitofrontal and anterior cingulate circuits. 
Because of the brain structures specifically involved in these 
circuits, each circuit is responsible for specific subdomains 
of executive functions [12-19]. In particular, the dorsolateral 
circuit - which is supplied by the middle cerebral artery - is 
involved in the selection of goal, planning, mental shifting, 
information updating, working memory, visual spatial 
memory and self-activation [12,14-16], while the orbitofron-
tal circuit, vascularized by anterior and middle cerebral arte-
ries, is involved in social behavior and cognitive inhibition 
[12,17,18]. Finally, the anterior cingulate circuit - supplied 
by the anterior cerebral artery - is involved in error correc-
tion, behavior monitoring and cognitive inhibition [12,14, 
19]. Any lesion in these frontal-subcortical circuits, inde-
pendent of its level (i.e. cortical or sub-cortical) or nature 
(i.e., atrophy or vascular), may result in domain-specific 
executive dysfunctions [12-19]. As a consequence, the 
finding of executive dysfunctions primarily characterized by 
impairements of mental shifting and information updating in 
hypovitaminosis D [7-10] makes us suggest that hypo-
vitaminosis D could be associated with a dysfunction of the 
frontal-subcortical neuronal circuits, particularly the dorso-
lateral circuit. Underlying lesions would be either degenera-
tive with cortical and / or subcortical atrophies in the circuit, 
or ischemia that would preferentially affect the vascular 
territory of the middle cerebral artery. Further imaging 
studies are therefore needed to corroborate these hypotheses, 
to determine whether the dorsolateral circuit is specifically 
altered in the case of hypovitaminosis D, and whether 
hypovitaminosis D may contribute to degenerative or 
vascular lesions. 
 Such a finding would help to better understand the invol-
vement of vitamin D in the course of dementia, and would 
also provide an additional rationale for prescribing vitamin D 
supplementation among adults with hypovitaminosis D. 

ACKNOWLEDGEMENT  

Authors' Contribution 

• Annweiler takes responsibility for the integrity of the 
work as a whole, from inception to published article. 

• All authors meet all of the following criteria: (1) 
contributing to the conception and design, or analyz-
ing and interpreting data; (2) drafting the article or 
revising it critically for important intellectual content; 
and (3) approving the final version to be published. 

Sponsor’s Role 

• CA is supported by a grant from the Canadian 
Institutes for Health and Research - Institute of Aging 



18     The Open Neuroimaging Journal, 2012, Volume 6 Annweiler et al. 

(CIHR-IA), and holds a research grant from Servier 
Institute in France. 

• Dr. Montero-Odasso is supported, in part, by grants 
from the Canadian Institutes for Health and Research 
- Institute of Aging (CIHR-IA), the Drummond 
Foundation, and the Physician Services Incorporated 
Foundation of Canada (PSI). He is the first recipient 
of the Schulich Clinician-Scientist Award and 
recipient of the CIHR New Investigator Award (2011-
2016). 

• The sponsors had no role in the design and conduct of 
the study, in the collection, management, analysis, and 
interpretation of the data, or in the preparation, 
review, or approval of the manuscript. 

CONFLICT OF INTEREST 

• Dr. Annweiler: serves as an unpaid consultant for 
Ipsen Pharma company. He has no relevant financial 
interest in this manuscript. 

• Prof. Montero-Odasso: reports no conflicts of interest. 
He has no relevant financial interest in this 
manuscript. 

• Dr. Muir: reports no conflicts of interest. She has no 
relevant financial interest in this manuscript. 

• Prof. Beauchet: serves as a consultant for Ipsen 
Pharma company. He has no relevant financial 
interest in this manuscript. 

REFERENCES 
[1] Kalueff AV, Tuohimaa P. Neurosteroid hormone vitamin D and its 

utility in clinical nutrition. Curr Opin Clin Nutr Metab Care 2007; 
10: 12-9. 

[2] Annweiler C, Schott AM, Berrut G, et al. Vitamin D and Ageing: 
Neurological issues. Neuropsychobiology 2010; 62: 139-50. 

[3] Wang Y, Chiang YH, Su TP, et al. Vitamin D3 attenuates cortical 
infarction induced by middle cerebral arterial ligation in rats. 
Neuropharmacology 2000; 39: 873-80. 

[4] Annweiler C, Allali G, Allain P, et al. Vitamin D and cognitive 
performance in adults: a systematic review. Eur J Neurol 2009; 16: 
1083-9. 

[5] Buell JS, Dawson-Hughes B, Scott TM, et al. 25-Hydroxyvitamin 
D, dementia, and cerebrovascular pathology in elders receiving 
home services. Neurology 2010; 74: 18-26. 

[6] Annweiler C, Schott AM, Rolland Y, Blain H, Herrmann FR, 
Beauchet O. Dietary intakes of vitamin D and cognition in older 
women: A large population-based study. Neurology 2010; 75: 
1810-6. 

[7] Buell JS, Scott TM, Dawson-Hughes B, et al. Vitamin D is 
associated with cognitive function in elders receiving home health 
services. J Gerontol A Biol Sci Med Sci 2009; 64: 888-95. 

[8] Llewellyn DJ, Lang IA, Langa KM, et al. Vitamin D and risk of 
cognitive decline in elderly persons. Arch Intern Med 2010; 170: 
1135-41. 

[9] Seamans KM, Hill TR, Scully L, et al. Vitamin D status and 
measures of cognitive function in healthy older European adults. 
Eur J Clin Nutr 2010; 64: 1172-8. 

[10] Jorde R, Waterloo K, Saleh F, et al. Neuropsychological function in 
relation to serum parathyroid hormone and serum 25-
hydroxyvitamin D levels: the Tromso study. J Neurol 2006; 253: 
464-70. 

[11] Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, 
Wager TD. The unity and diversity of executive functions and their 
contributions to complex "Frontal Lobe" tasks: a latent variable 
analysis. Cogn Psychol 2000; 41: 49-100. 

[12] Lichter DG, Cummings JL. Frontal-subcortical circuits in 
psychiatric, and neurological disorders. New York: Guilford Press, 
2001. p. 44-58. 

[13] Sasson E, Doniger GM, Pasternak O, et al. Structural correlates of 
cognitive domains in normal aging with diffusion tensor imaging. 
Brain Struct Funct 2011 [Epub ahead of print]. 

[14] MacDonald W, Cohen JD, Stenger VA, et al. Dissociating the role 
of the dorsolateral prefrontal and anterior cingulate cortex in 
cognitive control. Science 2000; 288: 1835-8. 

[15] Lipton ML, Gulko E, Zimmerman ME, et al. Diffusion-tensor 
imaging implicates prefrontal axonal injury in executive function 
impairment following very mild traumatic brain injury. Radiology 
2009; 252: 816-24. 

[16] Woo BK, Harwood DG, Melrose RJ, et al. Executive deficits and 
regional brain metabolism in Alzheimer's disease. Int J Geriatr 
Psychiatry 2010; 25: 1150-8. 

[17] Melrose RJ, Ettenhofer ML, Harwood D, et al. Cerebral 
metabolism, cognition, and functional abilities in Alzheimer 
disease. J Geriatr Psychiatry Neurol 2011; 24: 127-34. 

[18] Szatkowska I, Szymańska O, Bojarski P, et al. Cognitive inhibition 
in patients with medial orbitofrontal damage. Exp Brain Res 2007; 
181: 109-15. 

[19] Krueger CE, Laluz V, Rosen HJ, et al. Double dissociation in the 
anatomy of socioemotional disinhibition and executive functioning 
in dementia. Neuropsychology 2011; 25: 249-59. 

 

Received: July 06, 2011 Revised: November 07, 2011 Accepted: November 10, 2011 
 
© Annweiler et al.; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0/), which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 

 
 


