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INTRODUCTION OF VITAMIN D 
IN PSYCHIATRY AND POTENTIAL 
MECHANISMS OF ACTION
In recent years, vitamin D has become quite 
relevant to the context of mental health. Recent 
studies have significantly broadened knowl-
edge of its role well beyond calcium homoe-
ostasis and bone health, exploring its impli-
cations in the neuropsychiatric field. Research 
has progressively elucidated the relationship 
between vitamin D and several mental condi-
tions, including disorders such as depression 
and anxiety.
In the context of psychiatric disorders, vita-
min  D is involved in the region-specific ex-
pression of vitamin  D receptors (VDR) in ar-
eas such as the cingulate cortex, thalamus, 
cerebellum, substantia nigra, amygdala and 
hippocampus. The presence of vitamin  D, 
VDR and related enzymes in many regions in 
the brain has elucidated the role of vitamin D 
as a neuroactive/neurosteroid hormone as 
fundamental in the processes of neuroimmu-
nomodulation, neuroprotection, neurogenesis, 
and normal brain function1. Indeed, vitamin D 

deficiency in early life negatively affects these 
processes: children with low vitamin D levels, 
for example, have a higher risk of developing 
disorders such as schizophrenia2. Recently, 
an additional significant role of vitamin D in 
the differentiation of dopaminergic neurons 
has been identified. A 2023 study showed 
that continual exposure to the active vitamin D 
hormone increases the ability of developing 
neurons to produce and release dopamine, 
thus establishing vitamin  D as an important 
differentiating agent for developing dopamin-
ergic neurons.3

Therefore, vitamin D influences mental disor-
ders such as anxiety, depression and schizo-
phrenia through different mechanisms. Moreo-
ver, in an expansion of the understanding of its 
impact on mental health, recent studies have 
also explored vitamin  D’s role in relation to 
autism and eating disorders.

VITAMIN D AND PSYCHIATRIC 
DISORDERS: THE LATEST EVIDENCE
Studies have suggested that there is a rela-
tionship between vitamin D deficiency during 
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Summary
Vitamin D, originally associated with calcium regulation and bone health, is emerging as a 
crucial element within the scope of mental health, not only for disorders such as depression 
and schizophrenia, but also for autism and eating disorders. The presence of vitamin D re-
ceptors in several brain regions suggests that its role in neuroprotection, neurogenesis and 
neuroimmunological regulation is significant. Vitamin D deficiency in early life is associated 
with an increased risk of developing schizophrenia and low vitamin D levels have been 
correlated with depression, and with evidence for the use of vitamin D supplementation 
in reducing depressive symptoms. Although low vitamin D levels have been observed in 
children with autism spectrum disorders and mothers during pregnancy, causality is still 
complex. Patients with eating disorders show vitamin D deficiency, with implications for 
bone and mental health, and vitamin D may also have a link to impulsivity in these cases.
Vitamin D supplementation may improve some symptoms, but further research is needed to 
fully understand the underlying mechanisms. This overview emphasises the importance of 
vitamin D for mental health and the need for further studies to clarify causal relationships 
and develop more effective therapies for neuropsychiatric disorders.
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development and increased risk of schizo-
phrenia and depression. Depression may 
exacerbate vitamin D deficiency by reduc-
ing exposure to sunlight, while symptoms of 
deficiency may in turn worsen the depres-
sive state (Fig. 1) 1.
Recently, a meta-analysis that reviewed ran-
domised placebo-controlled trials showed 
that vitamin D supplementation in deficient 
individuals significantly reduced depressive 
symptoms in those diagnosed with major de-
pressive disorder and mild depressive symp-
toms.4 In addition, a recent cross-sectional 
analysis conducted in the United States ex-
amined the association between vitamin D 
deficiency, age and depression. The anal-
ysis took demographic features, depressive 
symptom characteristics and blood levels of 
vitamin D into consideration and revealed 
a significant association between vitamin D 
deficiency and the risk of depression 5.
Similarly, a meta-analysis that summarised 
evidence from several randomised con-
trolled trials showed that vitamin D supple-
ments were significantly superior to placebo 
in reducing depressive symptoms in adults, 
with a particularly marked effect in those 
with more severe depression and those with 
lower levels 6. 
Other studies showed that although vita-
min  D supplementation could not only re-
duce the development of depressive symp-

toms, higher serum levels of vitamin D could 
also reduce the risk of that development, 
which highlights that subjects with lower 
blood levels of vitamin D were more likely to 
develop depression.
Furthermore, a negative correlation has 
been shown between low vitamin D levels 
during the first trimester of pregnancy and 
the development of depressive symptoms in 
the second trimester, as well as an increased 
risk of peripartum depressive symptoms fol-
lowing Vitamin D deficiency in the second 
trimester7. A recent randomised controlled 
trial also showed that vitamin  D supple-
mentation during the first two years of life 
reduced the risk of disorders such as anxiety 
and depression at the age of 6-8 years 8.
There is a 70% prevalence of vitamin  D 
deficiency among schizophrenic patients 
compared to a prevalence of 37.6% in the 
general population.
People born in winter and spring have a 
slightly increased risk of developing schizo-
phrenia, which could be due to certain sea-
sonal environmental factors such as infections 
being more common in the colder months 
and also to reduced exposure to sunlight. In 
particular, a correlation has been observed 
between vitamin  D deficiency in pregnant 
women and infants during these months and 
an increased risk of schizophrenia. ultravi-
olet radiation during winter in high latitude 

sites may not be enough to trigger the re-
action necessary for the production of the 
vitamin D precursor 9. The risk of schizophre-
nia is also higher in the offspring of dark-
skinned migrants in some countries. Factors 
related to social marginalisation and migra-
tory stress have been linked to an increased 
risk of mental disorders in general, including 
schizophrenia. However, individuals with 
pigmented skin living in cold climates are at 
higher risk of vitamin D deficiency, because 
pigmented skin acts as a natural sunscreen 
and reduces the production of the vitamin D 
precursor10. Additionally, it has been shown 
that those who migrated to the Netherlands 
as children have an increased risk of lat-
er schizophrenia (compared to those who 
have migrated as adults). This may suggest 
the presence of a critical exposure window, 
i.e. an age range in which exposure to vi-
tamin D deficiency may increase the risk of 
neurodevelopmental disorders 10.
Finally, a 2023 analysis showed a shared 
genetic architecture between schizophrenia 
and vitamin  D levels, identifying new risk 
loci and highlighting a complex mechanism 
of genetic overlap between vitamin  D de-
ficiency and schizophrenia. These findings 
suggest that shared genetic variants may 
influence the clinical picture by contributing 
to the coexistence of schizophrenia and vita-
min D deficiency 11.

FIGURE 1. 
Vitamin D, obtained through UVB exposure and subsequent biotransformation in the liver and kidneys, may be involved in different mental 
disorders. Its deficiency, in fact, may be related to major depression and schizophrenia.
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•	 Patients with major depression have 
lower blood levels of vitamin D

•	 Vitamin  D supplementation in de-
ficient depressive patients can im-
prove depression symptoms

•	 A 70% prevalence of vitamin  D de-
ficiency is reported in patients with 
schizophrenia

•	 There is a complex genetic overlap-
between vitamin  D deficiency and 
schizophrenia
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VITAMIN D AND AUTISM
The aetiology and pathogenesis of autism 
spectrum disorders (ASD) are complex and 
have not been fully elucidated. Since the 
early 1980s, autism research has moved 
beyond the theory of “inadequate parental 
care”, focusing on biological causes. It has 
been discovered that ASD is a neurodevel-
opmental disorder caused by the interaction 
of genetic and environmental factors. Over 
1,000 genes have been linked to ASD and 
there is a higher concordance between 
monozygotic twins than between dizygot-
ic twins, suggesting a strong genetic role. 
However, only 25-30% of children with 
ASD show ASD-related genes, highlighting 
the importance of environmental factors. 
Factors such as nutrition, drugs, toxic sub-
stances, maternal infections during pregnan-
cy, stress and vaccinations have also been 
associated with ASD. Some children with 
ASD have elevated serotonin levels and ab-
normalities in dopamine function, as well as 
disorders in brain structure and connections. 
Immunological studies have also indicated 
an altered immune balance. Vitamin D defi-
ciency, linked to factors such as air pollution, 
climatic conditions and latitude, has been 
proposed as a possible cause of ASD 12. 
A systematic review and meta-analysis has 
shown that children with ASD have signif-
icantly lower serum vitamin  D levels than 
controls without a diagnosis of ASD.13 In 
addition, both low maternal blood vitamin D 
levels and low infant blood vitamin D levels 
correlate significantly with an increased risk 
of a subsequent ASD diagnosis 13. Apparent-
ly, there is also an ambiguous causal relation-
ship with vitamin D deficiency for this disor-
der: children with ASD have different lifestyle 
habits, including a more selective and less 
varied diet, which leads to lower vitamin D 
intake. These children also tend to spend less 
time in outdoor activities, reducing exposure 
to the sun’s UVB rays and, consequently, re-
duced vitamin D synthesis in the skin. Another 
factor that may influence vitamin D levels is 
genetic, linked to variants in vitamin D me-
tabolism and receptor genes associated with 
ASD risk. Finally, the use of certain medica-
tions, such as anti-epileptic drugs, may also 
cause a reduction in vitamin D levels.
In any case, the therapeutic potential of 
vitamin D supplementation in children with 
ASD has been explored in several studies. 
Specifically, though it has been shown that 
supplementation in deficient individuals can 
improve some ASD symptoms, especially 

stereotypic behaviour, it does not significant-
ly affect other major symptoms or coexisting 
conditions 14.
The mechanisms underlying the relationship 
between vitamin D and ASD have yet to be 
fully elucidated. Vitamin D is known to play 
roles in brain development, immune function 
and inflammation, which are relevant to 
ASD. Vitamin  D has been shown to mod-
ulate inflammatory cytokines, influence anti-
oxidant pathways, and regulate neurotrans-
mitters such as serotonin, all of which are 
crucial in the context of ASD 13. Furthermore, 
vitamin D interacts with several ASD-associ-
ated genes and its deficiency may disrupt 
neurodevelopmental processes 13.
Nevertheless, there are limitations in current 
research, including heterogeneity in study 
designs, vitamin  D dosing regimens and 
participant characteristics, which challenge 
the formulation of definitive conclusions. The 
variability in response to vitamin D supple-
mentation among individuals with ASD sug-
gests that genetic and environmental factors 
may influence its efficacy.

VITAMIN D, EATING DISORDERS AND 
THE ROLE OF IMPULSIVITY
Patients with anorexia nervosa (AN) were 
shown to have significantly lower serum vita-
min D levels, both in the form of 25-hydrox-
yvitamin D [25(OH)D] and 1,25-dihydrox-
yvitamin D [1,25(OH)D], than controls 15.
Low serum 25(OH)D levels can lead to the 
bone loss typical of AN, resulting in reduced 
bone mineral density and a higher frequency 
of clinical and non-clinical fractures compared 
to healthy adolescents. It is therefore important 
to take vitamin D values into account, not only 
for the health of bone tissue, but also for the 
role vitamin D plays in other mental disorders 
that often afflict patients with AN 15.
A meta-analysis revealed that patients with 
AN showed significantly lower serum vita-
min D levels than controls despite similar vi-
tamin D intake. Several elements can be tak-
en into account to justify these data: patients 
with AN tend to overestimate their food 
intake, which could lead to an inconsistent 
assessment of micronutrient intake. Further-
more, not all physical activities have similar 
effects in maintaining optimal 25(OH)D lev-
els. It can be the case that patients with AN 
spend more time indoors rather than partici-
pating in outdoor activities or that they wear 
clothes that cover more of the body, thus 
reducing light exposure and skin synthesis 
of vitamin D.

Although low serum 25(OH)D levels are typ-
ical in obese people due to higher fat mass, 
increasing research has shown that low serum 
25(OH)D levels have also been associated 
with underweight states, such as malnutrition, 
neoplastic cachexia and AN 15.
Finally, patients with AN also have lower 
serum levels of the active form of vitamin D, 
1,25(OH)D. Levels of this latter form have 
little relation to 25(OH)D stores and are 
regulated mainly by parathyroid hormone 
(PTH) levels. Under conditions of low serum 
25(OH)D levels, the active form of vitamin D 
usually increases, instead of decreasing, as 
observed in patients with AN. This imbal-
ance between 1,25(OH)D and 25(OH)D in 
AN could be explained by the low serum 
levels of oestrogen in these patients, hor-
mones that appear to be important 1-alpha 
hydroxylase agonists 15.
A recent pilot study has also showed that in 
a population of 236 patients with eating dis-
orders, vitamin D levels could be correlated 
with the presence of impulsive behaviour 16. 
Impulsivity is considered to be implicated in 
the onset and outcome of several eating dis-
orders. Specifically, neuroimaging investiga-
tions have shown an imbalance between the 
frontal and mesolimbic areas in patients with 
these disorders.16 Vitamin D supplementation 
could be considered as part of the therapeu-
tic approach for symptom control and relapse 
prevention in individuals with eating disor-
ders, as has already been tested in patients 
diagnosed with attention-deficit/hyperactivity 
disorder (ADHD) or suicidal behaviour 16.

KEY MESSAGE ON  
AUTISM AND ANOREXIA

The involvement of vitamin  D and its 
deficiency in disorders such as autism 
and anorexia nervosa has recently been 
hypothesised.

•	 Low levels of vitamin  D in maternal 
and newborn blood correlate with an 
increased risk of a subsequent diag-
nosis of autism

•	 Supplementation in deficient individuals 
can improve stereotypical behaviour

•	 Patients with anorexia nervosa showed 
lower vitamin D levels than controls de-
spite similar vitamin D intake

•	 Vitamin  D levels correlated with the 
presence of impulsive behaviour
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CONCLUSIONS
A review of recent literature has sketched out 
a picture in which vitamin D is a potentially 
influential element in several mental disor-
ders. In addition to the most studied corre-
lations with depression and schizophrenia, 
recent literature has also produced evidence 
on the relationship between vitamin D and 
disorders such as autism and eating disor-
ders. Although findings suggest a correlation 
between vitamin D deficiency and the man-
ifestation and severity of these disorders, a 
causal relationship has not yet been clearly 
delineated. Specifically, in disorders such 
as autism and anorexia nervosa, vitamin D 
appears to play a role in both the devel-
opment and exacerbation of symptoms. 
Still, it is crucial to consider that this asso-
ciation may not be unique. Clearly, further 
research is needed to understand whether 
vitamin  D deficiency is a causal factor, a 
consequence or a concomitant element of 
these disorders. This review also highlighted 
how therapeutic interventions based on vita-
min D supplementation may benefit mental 
disorders. The growing body of evidence on 
the relationship between mental disorders, 
such as schizophrenia and depression, and 
vitamin D lays the foundation for further in-
vestigation of the relationship between vi-
tamin D and other psychiatric disorders, as 
well as the use of vitamin D supplementation 
in patients with mental disorders.
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