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VITAMIN D AND THE CENTRAL AND 
PERIPHERAL NERVOUS SYSTEM
A large body of scientific evidence has 
suggested that vitamin D plays a role in the 
physiology and physiopathology of the cen-
tral (CNS) and peripheral nervous systems. 
Indeed, it has been advanced that vitamin 
D deficiency might play a role in the patho-
genesis of some neurodegenerative diseases, 
including dementia, Parkinson’s disease, mul-
tiple sclerosis and amyotrophic lateral sclero-
sis [1‑3]. Many observations support vitamin 
D’s involvement in CNS physiological and 
physiopathological processes. The vitamin D 
receptor (VDR) is ubiquitously distributed in the 
CNS and peripheral nervous system [1]. In 
fact, the topography of VDR distribution, ini-
tially defined in rats and hamsters, was sub-
sequently confirmed and detailed in humans 
as well [1]. VDR is thought to be expressed 
in neurons and glia in several areas of the 
nervous system, including the cortex (e.g., 
temporal, frontal, parietal), the cerebellum, 
the spinal cord and in the basal ganglia [1]. 
25-hydroxylase and 1α-hydroxylase activity 
has also been identified in the CNS, which is 
indicative of paracrine production of 1,25-di-
hydroxyvitamin D [1,25(OH)2D] [1-3]. The 

same vitamin D metabolites have been identi-
fied in cerebrospinal fluid [1-3]. Finally, further 
evidence for the existence of paracrine pro-
duction activity of 1,25(OH)2D in the nervous 
system comes from the observation that the 
concentration of 1,25(OH)2D in the CNS is 
in positive correlation with the plasma concen-
tration of 25-hydroxyvitamin D [25(OH)D], 
whereas it does not correlate with the plasma 
concentration of 1,25(OH)2D [1-3].
Based on this and other findings, it has there-
fore been hypothesised that vitamin D may ex-
ert several actions in the CNS and peripheral 
nervous system, which can be summarised in 
four main effects: neurotrophic support, neuro-
transmission, neuroprotection and neuroplasti-
city. [1-3].
It is believed that Vitamin D exerts neurotroph-
ic functions related to neuronal differentiation, 
maturation and growth, through for example 
stimulating the synthesis of neurotrophic fac-
tors such as nerve growth factor (NGF), glial 
cell line-derived neurotrophic factor (GDNF) 
or neurotrophin 3 (NT-3) [1-3]. Similar signifi-
cance is thought to be attached to the effect on 
levels of neurotrophin 4 (NT-4) (downregula-
tion) and on the regulation of gene expression 
of the neurotrophic low-affinity NGF receptor 
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Summary

Many findings arising from experimental studies, mostly using in vitro or animal mod-
els, seem to indicate that vitamin D plays a role in nervous system physiology and 
physiopathology with the potential for also determining the pathogenesis of certain 
degenerative diseases, such as dementia. It appears that vitamin D exerts neurotroph-
ic, neuroprotective and neuroplastic effects, whilst also being involved in the synthesis 
of certain neurotransmitters. Data drawn from prospective observational studies have 
clearly confirmed the experimental observations by showing an inverse association 
between vitamin D status (25-hydroxyvitamin D concentration) and the incidence of 
dementia, with a dose-response relationship. To date, interventional studies using 
cholecalciferol to reduce the risk of dementia have not had positive results. This has 
been mainly due to significant limitations in terms of experimental design, treatment 
regimens, test population size and follow-up duration. Ad hoc and methodologically 
more appropriate study designs are needed to define the potential beneficial effect of 
cholecalciferol in preventing the risk of dementia.
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(p75NTR) [1-3]. Sustaining these hypotheses 
as well as the neurotrophic role of vitamin D, 
morphological studies in healthy elderly peo-
ple or those suffering from various degrees 
of cognitive impairment have shown a cor-
relation between vitamin D status (defined 
by plasma 25(OH)D concentration) and/or 
vitamin D deficiency, and the volume of grey 
matter and the hippocampus [4,5].
It also appears that Vitamin D and its me-
tabolites mediate the synthesis of a variety 
of neurotransmitters, including acetylcho-
line, catecholamines, serotonin and dopa-
mine  [1]. This effect of vitamin D appears 
to be persistent over time and above all 
transgenerational. Indeed, early exposure 
to insufficient or deficient levels of vitamin D 
seems to induce epigenetic changes, which 
in turn are believed to influence gene ex-
pression and increase susceptibility to many 
neurodegenerative diseases over time (meta-
bolic imprinting) [1,6-10].
Vitamin D’s neuroprotective effect has been 
the subject of many experimental studies in 
animal models, where the administration of 
vitamin D or its metabolites has been shown 
to exert a protective effect on neurons by 
reducing cell damage and neurotoxicity me-
diated by certain substances known to be 
neurotoxic [1,11,12].
In one in vitro study, conducted on corti-
cal neuronal cell cultures, Annweiler et al. 
showed that the combination of memantine 
(a drug used in the treatment of cognitive 
impairment) and vitamin D (but also vitamin 

D alone) was able to attenuate and prevent 
axonal degeneration produced by beta-am-
yloid and glutamate [11]. The mechanisms 
underlying vitamin D’s neuroprotective effect 
have only been partially clarified and are 
still under discussion (e.g., regulation of cal-
cium flow, anti-inflammatory effect and an-
ti-oxidant effect) [11,12].
It seems that Vitamin D is able to influence 
neuroplasticity by regulating genes that 
have a significant impact on neuronal devel-
opment and many neuronal functions (most 
likely already during pregnancy) [1,13]. For 
example, it appears that Vitamin D deficien-
cy might alter the transcriptional profile of 
genes involved in cytoskeleton maintenance, 
mitochondrial function, neuronal plasticity, 
cell proliferation and growth [1]. Further-
more, as already detailed, during certain 
stages of pregnancy, vitamin D deficiency 
may lead to alterations in the regulation of 
neuronal function (on a molecular basis), 
which may influence susceptibility to certain 
degenerative diseases in adulthood [13].

IS THERE A RELATIONSHIP BETWEEN 
25(OH)D CONCENTRATION AND THE 
RISK OF DEMENTIA?
Epidemiological data on the relationship be-
tween vitamin D status and neurodegenera-
tive diseases, in particular dementia, seem 
to fully support the animal model findings de-
scribed. A recent overview (Table I) analysed 
the results of the main review/meta-analysis 
studies on the relationship between vitamin 

D status and the risk of dementia and/or 
Alzheimer’s disease (AD) [3]. Although the 
results of the different studies taken into con-
sideration were not always easy to interpret, 
mainly due to the lack of standardisation of 
serological and clinical evaluations, overall, 
two important points emerged with signifi-
cant uniformity and consistency [3,14-19]:
•	 there is an inverse relationship between 

the concentration of 25(OH)D and the 
risk of dementia or AD.

•	 It appears that this inverse relationship 
between 25(OH)D concentration and 
the risk of dementia or AD follows the 
“dose-response” principle.

For example, Chen et al. [14], undertook a 
meta-analysis of 10 cohort studies that includ-
ed approximately 28,000 patients. The au-
thors identified an inverse correlation between 
25(OH)D concentration and the risk of de-
mentia [relative risk 0.72 comparing the cate-
gory with the highest 25(OH)D concentration 
with the category with the lowest 25(OH)D 
concentration] and AD [relative risk 0.78, 
comparing the category with the highest 
25(OH)D concentration with the category 
with the lowest 25(OH)D concentration]. 
Furthermore, by analysing the dose effect 
[25(OH)D concentration] response, the au-
thors also showed that the risk of dementia 
or AD decreased by 5 and 7% respectively 
for each 10 nmol/L increase in 25(OH)D 
concentration [14].
Consistent with the findings of Chen et al. 
and other similar studies (Table I) [14-19], a 

TABLE I. Meta-analysis of cohort studies 14-19 that investigated the relationship between vitamin D status [defined by serum 25(OH)D 
concentration] and cognitive decline (from Maretzke et al., 2020, mod.) [3].

Reference Studies included No. of patients 
(age)

Cut-off 25(OH)D 
(nmol/L)

Outcome Main results 
(95% CI)

Chen (2018) [14] 10 prospective 28,640 
(56-85 y.o.)

High vs low concentration 
25(OH)D

Dementia and AD RR Dementia 0.72 (0.59-0.88)
RR AD 0.78 (0.60-1.00)

Jayedi (2018) [15] 7 prospective +
1 retrospective

28,354 
(≥ 18 y.o.)

Insufficiency: 25-50
Deficiency: < 25

Dementia and AD HR Dementia due to deficiency 1.33 (1.08-1.58)
HR AD due to deficiency 1.31 (0.98-1.65)

Goodwill (2017) [16] 14 prospective 30,000 
(≥ 18 y.o.)

High vs low concentration 
25(OH)D

Cognitive decline OR cognitive decline 1.14 (1.06-1.23)

Cao (2016) [17] 3 prospective 12,702 
(≥ 20 y.o.)

High vs low concentration 
25(OH)D

Cognitive decline RR cognitive decline 1.52 (1.17-1.98)

Shen (2015) [18] 2 prospective 8,086 
(mean 74 y.o.)

Deficiency: < 50 Dementia and AD OR Dementia 1.63 (1.09-2.16)
or AD 1.21 (1.01-1.40)

Annweiler (2013) [19] 3 prospective 4095 
(mean 75 y.o.)

High vs low concentration 
25(OH)D

Executive functions OR due to incident decline 1.25 (1.05-1.48)

RR: relative risk; 95% CI: 95% confidence interval; HR: hazard ratio; OR: odd ratio; 25(OH)D: Serum 25-hydroxyvitamin D; AD: Alzheimer’s disease; y.o.: years old.
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less recent longitudinal study (Table II) [20], 
which considered 1,658 elderly outpatients 
who did not have (at the time of enrolment) 
dementia, cardiovascular disease or cer-
ebrovascular disease and who showed 
a higher incidence of dementia and/or 
AD (during a mean observation period of 
5.6 years, range 0.1-8.4 years) in subjects 
with deficient (< 50 nmol/L) or severely 
deficient (< 25 nmol/L) vitamin D status at 
the time of enrolment, compared to subjects 
deemed to have 25(OH)D concentration 
in the sufficiency range [20]. Other stud-
ies have confirmed these findings, showing 
consistent results especially for 25(OH)D 
values < 25 nmol/L (severe vitamin D defi-
ciency) [3]. For levels above this cut-off (e.g. 
between 25 nmol/L and 50 nmol/L) the re-
sults in favour of 25(OH)D seem to be less 
uniform and consistent.

CHOLECALCIFEROL SUPPLEMENTATION 
In light of the experimental data (animal 
models) and data from epidemiological stud-
ies, the role, obviously not primary, of chole-
calciferol supplementation in the prevention 
of neurodegenerative diseases especially 
dementia [3]. Neither did the randomised 
controlled trials, pre-post observational stud-
ies nor their meta-analyses demonstrate that 
cholecalciferol supplementation significantly 
affected the main cognitive parameters ex-
amined. Nevertheless, these studies present-
ed significant and determining limitations in 
the interpretation of the results [3]. Both the 
randomised controlled trials and the pre-post 
observational studies were extremely heter-
ogeneous in terms of experimental design 

and the treatment regimen used: the chole-
calciferol dosages used varied from 400 IU 
per day (a dosage that is probably too low) 
to 5,000 IU per day, even with boluses of 
600,000 IU (inappropriate). Most of these 
studies had rather short supplementation du-
rations and follow-up periods. They were not 
at all sufficient in view of the complexity of 
the physiopathology of dementia/AD and 
therefore inappropriate for testing the poten-
tial protective effect of cholecalciferol on the 
risk of dementia/AD.
Lastly, in some trials the small number of pa-
tients was inadequate to test the hypothesis 
under study.
In view of the foregoing limitations, there 
is currently no solid evidence to support a 
preventive effect, or in any event the bene-
ficial effect of cholecalciferol supplementa-
tion in dementia/AD. This potential benefit 
should not be completely ruled out. Ad hoc 
designed randomised controlled trials will 
be needed in future to clarify the potential 
of cholecalciferol supplementation in neu-
rodegenerative diseases and especially in 
dementia.
In conclusion, one last consideration de-
serves to be emphasised: elderly patients are 
at the highest risk of cognitive impairment/
dementia and are also the population with 
the highest prevalence of hypovitaminosis D. 
Therefore, this category of frail patients are 
always worth treating with cholecalciferol in 
view of its low cost, total safety and tolera-
bility, and of its great efficacy in preventing 
falls and fractures, besides its potential, but 
likely, extra-skeletal benefits. A daily main-
tenance dose of 1,000 IU or 2,000 IU of 

cholecalciferol preceded, where indicated, 
by a loading dose, would appear to be the 
most natural strategy for optimising the skel-
etal and extra-skeletal effects of cholecalcif-
erol [21].
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