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Abstract

Vitamin D has increasingly been associated with the pathophysiology of mental iliness and has been suggested to
have beneficial effects on depression in adults. Epidemiological studies concerning vitamin D and depression have
found inconsistent results and many have significant methodological limitations. The available evidence suggests
that depressed individuals show reduced vitamin D concentrations compared to controls without depression. De-
spite the available findings suggesting that hypovitaminosis D elevates the risk of depressive mood, the evidence
of observational and interventional studies is insufficient to establish causality between low vitamin D levels and
the occurrence of depression. The question of whether vitamin D sufficiency has protective efficacy against inci-
dent depression or recurrence requires future investigation. In order to examine the therapeutic efficacy of vita-
min D, further well-designed, large-scale, long-term intervention trials of vitamin D supplementation in people of
different age groups with depressive symptoms, diagnosed depression, postpartum depression or other depres-
sive disorders are warranted. In short, current evidence cannot definitively establish whether vitamin D deficiency
is a risk factor in the development of depression or whether vitamin D is effective in the treatment of depression.
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1. Introduction

Depression is globally a highly prevalent mental disorder that can
occur across the entire lifespan (Kessler et al., 2007). The 12-month
prevalence of major depressive disorder has been estimated to be
approximately 6% (Kessler and Bromet, 2013), with a lifetime
risk of 15-18% (Bromet et al., 2011). Major depressive disorder
has been predicted to become the leading global cause of disease
burden by 2030 (Kessler et al., 2003; World Health Organization,
2008). Major depressive disorder is characterized by depressed
mood, anhedonia, reduced self-esteem and fatigue (American
Psychiatric Association, 2013) and can cause significant func-
tional disability and severely limit the psychosocial functioning
and quality of life of those affected (Malhi and Mann, 2018). Both
depressive disorders and subthreshold depressive symptoms have
been found to be associated with considerable disability, health
care costs and mortality (Broadhead et al., 1990; Pietrzak et al.,

2013). While a biopsychosocial model of the etiology of depres-
sion has been proposed, with biological, psychological, social and
environmental factors contributing to the development of depres-
sion, the pathophysiological mechanisms underlying depression
remain largely unknown (Krishnan and Nestler, 2010).

The treatment of major depressive disorder, with its high rate
of recurrence, remains difficult and less than satisfactory (Malhi
and Mann, 2018). While pharmacotherapy and/or cognitive be-
havior psychotherapy have been demonstrated to be efficacious in
the treatment of depression (Cuijpers et al., 2008; Cuijpers et al.,
2009), some degree of non-response to antidepressant medications
may occur in up to 60% of individuals with major depressive dis-
order (Bschor and Baethge, 2010; Fava, 2003). Almost a third of
people treated for depression remain refractory to multistep antide-
pressant therapies (Rush et al., 2006a; Rush et al., 2006b), and the
long-term effectiveness of pharmacotherapy and psychotherapy
remains a matter of debate (Casacalenda et al., 2002). Moreover,
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poor acceptability of treatment (Jorm, 2000) and adverse effects of
antidepressant drugs (Anderson et al., 2012; Goethe et al., 2007)
may result in discontinuation of treatment. The need for the devel-
opment of further medications and novel approaches to the preven-
tion and treatment of depression has therefore been emphasized
(Insel, 2015; Miller, 2010).

Diet and nutrition have been found not only to be critically in-
volved in the promotion of metabolic health (Bennett et al., 2015),
but also to play a role in mental health and to be capable of modi-
fying mental disorders (Lange, 2018; Lange, 2020a; Marx et al.,
2017). The risk of depression appears to be inversely associated
with the Mediterranean diet (Lai et al., 2014; Opie et al., 2015;
Psaltopoulou et al., 2013), while Western diets have been report-
ed to be positively correlated with depression (Lai et al., 2014).
Various food bioactives, such as omega-3 polyunsaturated fatty
acids (Lange, 2020b; Lange, 2021; Lange et al., 2021a), probiot-
ics (Lange et al., 2020) and L-theanine and epigallocatechine gal-
late (Lange et al., 2021b) have shown associations with depression
risk. Emerging evidence suggests that vitamin D deficiency is also
linked to depression, with people showing normal vitamin D levels
having a reduced risk of developing depression (e.g. Anglin et al.,
2013; Black et al., 2014; Brouwer-Brolsma et al., 2015; Hoogendi-
jk et al., 2008; Kerr et al., 2015; von Kénel et al., 2015). These
findings have led to investigations of food bioactive and micronu-
trient supplementation in depression (Lim et al., 2016).

The present perspective critically discusses the evidence re-
garding the therapeutic efficacy of vitamin D in depression. A lit-
erature search, including publications up until March 2021, was
conducted using PubMed and Google Scholar. Search results were
screened for relevant articles involving humans and evaluations of
vitamin D interventions.

2. Vitamin D and the brain and the rationale for its use in de-
pression

Vitamin D comprises a group of structurally related, fat-soluble
secosteroids. It is produced in the skin during sun exposure and
can also be obtained from dietary intake, including vitamin D sup-
plementation (Holick, 2007). The two main forms of vitamin D
relevant for humans are vitamin D2 (ergocalciferol) and vitamin
D3 (cholecalciferol) (Feldman et al., 2011). Both forms are impor-
tant for calcium and phosphorus homeostasis (Holick, 2007) and
consequently for the maintenance of cellular and neuromuscular
function as well as the regulation of bone metabolism (Brown et
al., 1999). Vitamin D obtained from dietary sources stems mainly
from fungi and yeasts (vitamin D2) or fatty fish (vitamin D3) (Hos-
sein-Nezhad et al., 2013; Jipelt and Jakobsen, 2013). However, it
is difficult to obtain sufficient vitamin D from dietary intake (Max-
well, 1994), and the majority of vitamin D3 is produced in the
skin from 7-dehydrocholesterol (provitamin D3) following expo-
sure to ultraviolet B radiation (Holick, 2017). Two hydroxylation
steps are needed to form either 1,25-dihydroxyvitamin D2 (ergo-
calcitriol, 1,25(0OH)2D2) or 1,25-dihydroxyvitamin D3 (calcitriol,
1,25(0H)2D3), which are the active metabolic products of vitamin
D2 and D3, respectively (Vieth, 2004). Vitamin D is converted in
the liver to 25-hydroxyvitamin D (25(OH)D), the level of which is
commonly used to determine a person’s vitamin D status (Hollis,
1996), and subsequently in the kidneys to its active form 1,25-di-
hydroxyvitamin D (1,25(OH)2D) (Wacker and Holick, 2013).
Both 1,25(0OH)2D2 and 1,25(OH)2D3 are pleiotropic secosteroid
hormones regulating the expression of a large number of genes,
responsible for cellular proliferation, differentiation, DNA repair

and apoptosis (Hossein-Nezhad et al., 2013), through binding to
the vitamin D receptor (Kongsbak et al., 2013; Pike et al., 2010).

Experimental studies have advanced the understanding of the
multiple actions of vitamin D in the central nervous system (Kalu-
eff and Tuohimaa, 2007). Vitamin D receptors have been found
in brain regions involved in the regulation of behavior, including
the cerebral cortex, limbic system and cerebellum, and may also
stimulate the release of neurotrophins, which are involved in neu-
ronal development (Kalueff and Tuohimaa, 2007). Vitamin D has
been found to play a critical role in brain development (Eyles et al.,
2013; Groves et al., 2014; Ko et al., 2004). A deficiency of the vita-
min appears to be a risk factor for cognitive decline and dementia
in elderly people (Annweiler et al., 2015). Less is known concern-
ing the role of vitamin D in the regulation of affect and mood. Hy-
povitaminosis D has been hypothesized to induce negative mood
and depression (Berk et al., 2007). Since vitamin D receptors are
present on neurons and glial cells in brain areas thought to be in-
volved in the pathophysiology of depression, e.g. cingulate cortex
and hippocampus (Eyles et al., 2005), and an interaction between
vitamin D and glucocorticoids has been found in the hippocampus
(Obradovic et al., 2006), the potential role of vitamin D as a thera-
peutic agent in depression has been investigated. Vitamin D ap-
pears to be involved in the control of serotonin formation, imply-
ing a link between vitamin D deficiency and depression (Patrick
and Ames, 2015). Vitamin D has been theorized to act as a neu-
roactive hormone (Berridge, 2015a; Berridge, 2015b; Berridge,
2017). Furthermore, vitamin D has been postulated to modulate
neuronal calcium ion levels and thereby to cause the onset of de-
pressive symptoms, with vitamin D deficiency leading to elevated
neuronal Ca”" and increasing depression (Berridge, 2017). In addi-
tion, vitamin D may be involved in neuro-immunomodulation and
neuroplasticity, both of which have been proposed as mechanisms
underlying its effects on mood (Fernandes de Abreu et al., 2009).

Vitamin D deficiency (defined as serum 25(OH)D concentra-
tion of less than 50 nmol/L) or insufficiency are common in peo-
ple of all age groups, with approximately one billion individuals
affected worldwide (Holick, 2007). Several observational studies,
including case-control studies, cross-sectional studies and cohort
studies, have investigated the relationship between vitamin D and
depression. Various epidemiological studies have shown associa-
tions between serum 25(OH)D levels and depression, with vitamin
D deficiency being associated with depression (Black et al., 2014;
Brouwer-Brolsma et al., 2015; Ganji et al., 2010; Hoang et al.,
2011; Hoogendijk et al., 2008; Jamilian et al., 2013; Kerr et al.,
2015; Kjeergaard et al., 2011; Lee et al., 2011; Milaneschi et al.,
2010; Parker et al., 2017; Tolppanen et al., 2012; von Kénel et
al., 2015). However, other studies have found no association (e.g.
Nanri et al., 2009; Pan et al., 2009; Zhao et al., 2010).

A systematic review and meta-analysis summarizing the avail-
able evidence from cross-sectional and prospective cohort studies
reported a pooled estimate of the adjusted odds ratio of depression
in 11 cross-sectional studies (with a total of 43,137 participants)
0£0.96 (95% CI = 0.94-0.99, I* = 63%) for a 10 ng/ml increase in
25(0OH)D level (Ju et al., 2013). For five cohort studies compris-
ing 12,648 primarily elderly participants, with 2,663 experiencing
depression events during follow-up, the pooled adjusted odds ratio
of depression was 0.92 (95% CI = 0.87-0.98, I> = 50%) for a 10
ng/ml increase in 25(OH)D levels (Ju et al., 2013). A further sys-
tematic review and meta-analysis pooling the results of previous
epidemiological studies reported a positive association between
hypovitaminosis D and depression in adults (odds ratio = 1.31;
95% CI, 1.00-1.71) (Anglin et al., 2013). The link between vita-
min D concentrations and depression has been suggested to be less
straightforward than commonly assumed. The association may
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Table 1. Observational evidence of a relationship between vitamin D and depression

Associations between hypovitaminosis D and depression in adults (Anglin et al., 2013; Ju et al., 2013)

Reduced risk of developing depression in people with higher serum 25(0OH)D levels (Jadskeldinen et al., 2015)

Association of depression with vitamin D deficiency in older adults (Okereke and Singh, 2016)

Association of low baseline levels of 25(0H)D3 with increased depression scores at 3-year and 6-year follow-up in elderly adults

(Milaneschi et al., 2010)

Association of depression with vitamin D deficiency in young people (Kerr et al., 2015; Polak et al., 2014)

Association of depression with vitamin D deficiency in individuals with heart failure and cancer (Bjorkhem-Bergman and Bergman, 2016;

Johansson et al., 2016)

Association between vitamin D status and antenatal and postpartum depression (Aghajafari et al., 2018)

Caveat: Correlation between low vitamin D levels and depressive symptoms is not necessarily indicative of a causal role of hypovitaminosis
D in depression due to potential confounders (age, dietary intake, physical exercise, time spent outdoors etc.)

have been overestimated, particularly in older people, since both
hypovitaminosis D and depression are highly prevalent in this age
group (Rastmanesh et al., 2012) (see also Table 1).

Vitamin D has also been implicated in antenatal depression and
postpartum depression. However, this association is complex and
the available findings are inconsistent. In a systematic review, a
significant association between vitamin D status and both ante-
natal and postpartum depression was reported (Aghajafari et al.,
2018). The findings of a meta-analysis of nine longitudinal stud-
ies suggested that vitamin D deficiency could be a modifiable risk
factor of postpartum depression but not of depressive symptoms
during pregnancy (Wang et al., 2018).

The correlation between low vitamin D levels and depressive
symptoms does not necessarily indicate that hypovitaminosis D
plays a causal role in depression, since a wide range of potential
confounders, such as age, dietary intake, physical exercise, time
spent outdoors, as well as alcohol and tobacco may play a role
(Bertone-Johnson, 2009). It is conceivable that low vitamin D lev-
els result from depression, since depressed mood and apathy may
lead to a decrease in exposure to sunlight or intake of food rich
in vitamin D (Rastmanesh et al., 2012). A decrease in vitamin D
concentrations may therefore be an antecedent or a consequence of
depression, and causality should be examined in prospective stud-
ies assessing mood changes over time. A six-year prospective study
comprising 954 elderly individuals aged 65 years or older investi-
gated the association of baseline vitamin D levels and subsequent

occurrence of depression (Milaneschi et al., 2010). In this study,
people with low baseline concentrations of 25(OH)D3 (<50 nM or
<20 ng/ml) were reported to show significantly increased depres-
sion scores at three-year and six-year follow-up in comparison with
those with high baseline levels (Milaneschi et al., 2010). However,
this difference may also be explained by different lifestyles.

3. Intervention studies using vitamin D in depression

Intervention studies administering vitamin D have been conducted
in people with major depression and seasonal affective disorder as
well as women with postpartum depression and elderly individuals
with depressive symptoms (see Table 2). A systematic review of
six randomized controlled trials (with 1,203 participants including
71 depressed individuals) investigated the efficacy of oral vitamin
D administration versus placebo in adults at risk of depression,
with symptoms of depression or with a primary diagnosis of de-
pression (Li et al., 2014). No significant effects of vitamin D sup-
plementation on depression scores or in subgroup or sensitivity
analyses were found; the quality of evidence was considered low
(Li et al., 2014). A further systematic review and meta-analysis
of randomized controlled trials summarized the effects of vitamin
D supplementation on depressive symptoms or depression (Shaf-
fer et al., 2014). No overall effects of vitamin D supplementation

Table 2. Interventional evidence of a relationship between vitamin D and depression

No significant meta-analytical effect on depression following vitamin D supplementation (Li et al., 2014; Lazaro Tomé et al., 2021)

No overall meta-analytical effect of vitamin D supplementation on depressive symptoms, but moderate, statistically significant effect in
people with clinically significant depressive symptoms or depressive disorder (Shaffer et al., 2014)

No significant improvement of depression following vitamin D supplementation in a meta-analysis of studies with individuals with low
depression levels and sufficient vitamin D levels at baseline (Gowda et al., 2015)

Significant worsening of depression following vitamin D supplementation in a meta-analysis of “biologically flawed” studies (e.g. vitamin
D deficiency not established at baseline and/or vitamin D dose administered insufficient to produce normal vitamin D levels) (Spedding,

2014)

Significant improvement of depression following vitamin D supplementation in a meta-analysis of studies without biological flaws (Spedding,

2014)

Favorable findings following vitamin D supplementation (800 I.U. daily) in studies demonstrating a change in vitamin levels (Spedding,

2014)

Dose dependency of effects of importance of vitamin D supplementation (Mozaffari-Khosravi et al., 2013)

Summary: Insufficient evidence in support of therapeutic efficacy of vitamin D supplementation in depression
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Table 3. Problems and future directions regarding vitamin D and depression

Unclear causality of correlations between vitamin D status and depressive symptoms

Intervention trials needed in people who are both depressed and deficient in vitamin D

Assessment of depression level and vitamin D status both at trial baseline and follow-up

Investigations needed regarding vitamin D effects in different types of depressive disorders (major depressive disorder, seasonal affective
disorder, bipolar disorder, antenatal and postpartum depression, premenstrual dysphoric disorder)

Optimal dosage, duration and mode of delivery of vitamin D supplementation

Summary: Large-scale, randomized controlled trials of vitamin D in people with well-defined diagnoses of depression needed

on depressive symptoms were found. However, subgroup analysis
showed that vitamin D supplementation had a moderate, statisti-
cally significant effect in individuals with clinically significant de-
pressive symptoms or depressive disorder and a small, non-signif-
icant effect in those without clinically significant depression. The
trials included in this review varied in respect of dose, frequency,
duration and mode of delivery of vitamin D administration (Shaf-
fer et al., 2014). A meta-analysis of nine randomized controlled
trials (with a total of 4,923 participants) estimated the weighted
mean effect of vitamin D supplementation in decreasing depres-
sive symptoms in adult participants diagnosed with depression or
depressive symptoms (Gowda et al., 2015). No significant reduc-
tion in depression was observed following vitamin D supplementa-
tion. However, most of the studies had included people with low
depression levels and sufficient concentrations of serum vitamin D
at baseline. The vitamin D doses used and intervention durations
varied between the studies included in the meta-analytical review
(Gowda et al., 2015). A recent systematic review and meta-analy-
sis including 10 randomized controlled trials (with a total of 1,393
participants) found no significant effect of oral vitamin D adminis-
tration on post-intervention depression scores (Lazaro Tomé et al.,
2021). The vitamin D dose administered appears to be important.
In a randomized controlled trial conducted in depressed people
with initial hypovitaminosis D, a single intramuscular injection of
300,000 I.U. of vitamin D improved symptoms of depression three
months following intervention more than a dose of 150,000 I.U.
(Mozaftari-Khosravi et al., 2013).

“Biological flaws” in primary studies have been suggested to be
a reason why meta-analyses have failed to show efficacy of vita-
min D supplementation in depression (Lappe and Heaney, 2012).
The concept of biological flaws refers to limitations in study design,
which may affect a study’s ability to test the research hypothesis.
For example, the hypothesis that the treatment of a vitamin D defi-
cit improves depressive symptoms can be tested only if vitamin D
deficiency is established at baseline and the vitamin D dose admin-
istered is capable of producing sufficient levels of vitamin D dur-
ing the trial (Heaney, 2012). Therefore, meta-analytical studies have
been conducted according to the presence or absence of biological
flaws (Spedding, 2014). While a meta-analysis of the available stud-
ies without flaws showed a statistically significant improvement in
depression following vitamin D supplementation, the results of stud-
ies with biological flaws were mainly inconclusive, with the meta-
analysis performed showing a statistically significant worsening in
depression following vitamin D administration (Spedding, 2014).
Vitamin D supplementation of > 800 I.U. daily demonstrated favora-
ble results in the therapy of depression in the studies with a change
in vitamin levels, with the effect size being comparable to that of
antidepressant medication (Spedding, 2014).

A recent 28-day trial investigating vitamin D3 supplementation
in addition to usual treatment in children and adolescents with vi-
tamin D deficiency (25(OH)D < 30 nmol/l) and at least mild de-

pression (according to Beck Depression Inventory) failed to show
a vitamin D effect on self-rated depression (Libuda et al., 2020).

In summary, the current evidence is insufficient to support the
efficacy of vitamin D supplementation in the treatment of depres-
sion. Further large-scale randomized controlled trials assessing the
efficacy of vitamin D supplementation are required. In particular,
future trials should be conducted in people who are both depressed
and deficient in vitamin D, with the vitamin D doses supplemented
being large enough to achieve sufficient vitamin levels.

4. Future directions

The role of vitamin D in the etiology and treatment of depres-
sion is still unclear (see Table 3). Due to various methodological
problems and questionable scientific rigor of the available stud-
ies, there is no unequivocal evidence of an association between
vitamin D status and depressive symptoms or the diagnosis of de-
pression. In particular, the relationship reported in several studies
between hypovitaminosis D and mood could have been influenced
by confounding variables. The association between vitamin D
and depression may be indirectly explained by other factors af-
fecting both vitamin status and mood. For example, exposure to
sunlight influences not only vitamin D synthesis in the skin but
also body circadian rhythms (e.g. melatonin), which have been
shown to be involved in depression (Boyce and Barriball, 2010).
Another covariable possibly playing a role is body mass index,
with fat-soluble vitamin D being sequestered in adipose tissue and
hypovitaminosis D arising from both high body mass index and
depression (Forsythe et al., 2012). Furthermore, physical exercise
levels may affect both vitamin D status and mood, since reduced
physical activity has been observed in both individuals with de-
pression and people with low levels of vitamin D (Annweiler et
al., 2011). Recent investigations have attempted to take relevant
covariables into account, with prospective longitudinal studies
reporting an elevated hazard ratio for depression in people with
hypovitaminosis D at baseline (see Anglin et al., 2013). While this
suggests that hypovitaminosis D precedes the onset of depression,
observational studies are unable to establish causality. In addition,
the link between vitamin D and depression could be related to ge-
netic predisposition, since gene locus 11p15 harbors susceptibility
genes for mood disorders (Huang et al., 2010) and is also involved
in vitamin D metabolism (Wang et al., 2010). Experimental and
randomized controlled intervention trials are required to shed fur-
ther light on the link between vitamin D status and depression.
Major problems of the available treatment studies examining
the efficacy of vitamin D in depression include non-representative
samples, problems with the generalization of findings, heteroge-
neity of the trial participants regarding the severity of depressive
symptoms, the methods used to assess depression, the presence of
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comorbidities, the dose and duration of supplementation and the
levels of 25(OH)D at baseline and follow-up. Polymorphisms of
the vitamin D receptor gene modulate the effectiveness of vitamin
D in the central nervous system, and this may explain why some
individuals with depression respond to vitamin D and others do not
(Kuningas et al., 2009).

Future intervention studies need to distinguish between differ-
ent types of depressive disorders, such as major depressive dis-
order, seasonal affective disorder, bipolar disorder, postpartum
depression and premenstrual dysphoric disorder. Intervention
trials with biological flaws may demonstrate the methodological
limitations of the study design rather than the efficacy of vitamin
D supplementation. Therefore, future studies need to include indi-
viduals who are both depressed and vitamin D deficient and should
examine depression level and vitamin D status both at baseline and
follow-up. Studies employing sufficient doses of vitamin D and
intervention periods capable of significantly increasing vitamin D
levels in well-defined, homogenous risk groups are warranted.

Given a variety of adverse effects of hypovitaminosis D and
the general health benefits and low risk of serious adverse effects
of vitamin D supplements (Annweiler et al., 2011; Jorde et al.,
2013), vitamin D supplementation may be recommended to pro-
tect against depression. In particular, sensible and moderate sun
exposure, avoiding even mild sunburn (Kennedy et al., 2003), of
arms, legs, abdomen and back can help supplement vitamin D and
induce the production of beta-endorphin in the skin, which may
also improve wellbeing (Zanello et al., 1999). The combination of
sunlight exposure and physical exercise may be particularly ben-
eficial (Lange, 2018). Since the synthesis of vitamin D in the skin
following sunlight exposure is strongly influenced by various fac-
tors, such as age, skin pigmentation, season and latitude, dietary
supplementation may be needed to obtain beneficial effects. For
the treatment of vitamin deficiency, the administration of 50,000
I.U. of vitamins D2 or D3 once a week for 8 weeks has been rec-
ommended in order to raise blood concentrations of 25(OH)D to
an adequate range of at least 30 ng/ml or preferably 40-60 ng/ml,
while a dose of 50,000 I.U. vitamin D2 or vitamin D3 once every
other week has been suggested to be effective in maintaining vita-
min D sufficiency (Holick et al., 2011).

5. Conclusion

Despite the available findings suggesting that hypovitaminosis
D elevates the risk of depressive mood, the evidence of observa-
tional and interventional studies is insufficient to establish causal-
ity between low vitamin D levels and the occurrence of depression.
Whether or not vitamin D sufficiency has protective efficacy against
incident depression or recurrence requires future investigation.
Further well-designed, large-scale, long-term intervention trials of
vitamin D supplementation in people of different age groups with
depressive symptoms, diagnosed depression, postpartum depression
or other depressive disorders would be of value in examining the
therapeutic efficacy of vitamin D. Given the general health benefits
and low risk of adverse effects of vitamin D, modest sun exposure
and dietary vitamin D enrichment may be recommended in order to
supplement vitamin D and improve mood and wellbeing. However,
this recommendation requires confirmation by future studies.
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