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While recent laboratory-based studies have substantially advanced our
understanding of the action of vitamin D in the brain, much is still unknown
concerning how vitamin D relates to mood. The few epidemiological studies of
vitamin D and depression have produced inconsistent results and generally have
had substantial methodological limitations. Recent findings from a randomized trial
suggest that high doses of supplemental vitamin D may improve mild depressive
symptoms, but important questions persist concerning how vitamin D may affect
monoamine function and hypothalamic-pituitary-adrenal axis response to stress,
whether vitamin D supplementation can improve mood in individuals with
moderate-to-severe depression, and whether vitamin D sufficiency is protective
against incident depression and recurrence. At this time, it is premature to conclude
that vitamin D status is related to the occurrence of depression. Additional
prospective studies of this relationship are essential.
© 2009 International Life Sciences Institute

INTRODUCTION

A small body of research has evaluated whether vitamin
D may play a role in the occurrence of depression.
While recent laboratory-based studies have substantially
advanced our understanding of the action of vitamin D
in the brain, much is still unknown concerning how
vitamin D may relate to mood. The few epidemiologic
studies of vitamin D and depression have produced
inconsistent results and have generally had substantial
methodological limitations. However, a recent random-
ized trial1 has addressed many of the concerns raised
by previous studies and offers provocative results sug-
gesting that vitamin D indeed improves depressive
symptoms. The present review summarizes background
information on vitamin D and depression, presents evi-
dence from a variety of sources both suggesting and
refuting their relationship, discusses the epidemiology of
vitamin D and depression, and proposes important
directions for future research to address the many unan-
swered questions.

SOURCES AND METABOLISM OF VITAMIN D

There are two sources of vitamin D: dietary consumption
and endogenous production. Vitamin D may be con-
sumed in the diet as either ergocalciferol (D2) from plant
sources or cholecalciferol (D3) from animal sources. With
the exception of fatty fish, relatively few foods are natu-
rally rich in vitamin D. In the United States, the predomi-
nant dietary sources of vitamin D are fortified foods,
such as milk, yogurt, orange juice and cereals, and dietary
supplements. However, in individuals with ample sun-
light exposure, the greater source is endogenous vitamin
D produced when 7-dehydrocholesterol in the epidermis
and dermis of the skin is converted into vitamin D3 after
exposure to ultraviolet B radiation.

Vitamins D2 and D3 from dietary sources are trans-
ported to the liver on chylomicrons, while D3 from cuta-
neous production is carried through plasma bound to
vitamin D binding protein. In the liver, both forms are
hydroxylated to 25-hydroxyvitamin D (25(OH)D). This
metabolite is used to assess an individual’s vitamin D
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status, as it well reflects both dietary intake and sunlight
exposure. 25(OH)D is hydroxylated to 1,25(OH)2D by
1-alpha-hydroxylase enzymes (CYP27B1) in kidney
nephrons and a variety of other tissues. 1,25(OH)2D is the
biologically active metabolite that binds to nuclear
vitamin D receptors (VDRs) in target tissues to regulate
gene transcription. 1,25(OH)2D also binds to VDRs on
cell membranes to mediate a variety of non-genomic
responses.2 Because one of the primary functions of
1,25(OH)2D is the maintenance of calcium levels in
tissues, its metabolism from 25(OH)D is closely regulated
in order to promote calcium homeostasis.

During sunny months in most parts of the world,
vitamin D sufficiency can be achieved by minimal sun
exposure. Holick3 has estimated that daily exposure to
sunlight of face, arms, and hands without sunscreen for
5 to 15 minutes during mid-day hours is sufficient to
provide approximately 1,000 IU per day. During winter
months and for those living at high latitudes, dietary
intake is essential to maintain healthy 25(OH)D levels.
Many experts feel that current recommendations for
vitamin D intake of 200–600 IU per day are inadequate
to prevent deficiency and a host of related health con-
sequences.4,5 Instead, individuals without sunlight expo-
sure likely require 800–1000 IU per day to produce
25(OH)D levels in the optimal range (30–40 ng/mL).5

This level of intake is well below the threshold for
vitamin D toxicity (�150 ng/mL); in fact, toxicity has
not been observed with daily intakes of up to 10,000 IU
per day.5

PATHOPHYSIOLOGY OF DEPRESSION

Depression is a condition characterized by depressed
mood or loss of interest or pleasure in nearly all activities
most of every day for a period lasting at least 2 weeks.6

Additional common symptoms include decreased en-
ergy; changes in appetite, sleep, and psychomotor func-
tion; irritability; feelings of worthlessness, guilt, and/or
hopelessness; and suicidal ideation and/or action. To
meet the diagnostic criteria outlined for major depressive
disorder in the fourth edition of the Diagnostic and Sta-
tistical Manual of Mental Disorders (DSM-IV),6 symp-
toms must cause significant impairment in regular life
activities and social relationships, and evidence of mania,
psychosis, or substance-induced depression must be
ruled out. Lifetime incidence of MDD in the United States
is higher in women (10–25%) than men (5–12%), and the
average age of onset is in the mid 20s. At any given time,
5–9% of women and 2–3% of men are currently experi-
encing MDD. Recurrence occurs in 50–60% of those
experiencing a single depressive episode. Depression
often occurs comorbidly with anxiety.7

In a recent review, Belmaker and Agam8 elegantly
summarize current hypotheses on the pathophysiology of
depression. In addition to the potential contributions of
genetic and epigenetic factors, few of which have been
clearly identified, two predominant hypotheses have been
the focus of research. First, depression has been closely
linked with the availability and function of monoamine
neurotransmitters in the brain (i.e., the monoamine defi-
ciency hypothesis). Of the monoamines, serotonin and
norepinephrine have been studied in greatest detail.
Perhaps the greatest evidence implicating monoamines in
depression comes from observations of the efficacy of
antidepressant medications. The three main classes of
antidepressants, monoamine oxidase inhibitors, tricy-
clics, and selective serotonin reuptake inhibitors (SSRIs)/
selective norepinephrine reuptake inhibitors (SNRIs), act
through a variety of mechanisms to increase serotonin
and norepinephrine levels in synapses and to increase
postsynaptic neuron firing. While few studies have dem-
onstrated that serotonin and norepinephrine metabolite
levels are lower in depressed patients than healthy con-
trols, results from a variety of sources suggest that impair-
ments in monoamine synthesis, release, reuptake, and/or
receptor binding may be related to depression. For
example, experimental studies in which levels of neu-
rotransmitter substrates are intentionally depleted can
produce depression in subjects with a history of the dis-
order, though not in healthy controls.9 This finding sug-
gests an underlying predisposition to depression in some
individuals related to monoamine function. Furthermore,
some investigators have suggested that a “dopaminergic
dysfunction” subtype of depression may exist, in which
the predominant symptoms relate to dopamine function,
including anhedonia, slowed motor functions, low moti-
vation, and difficulty in concentrating.10 Individuals with
these symptoms tend to respond less well to SSRIs and
SNRIs than others.

A second, related hypothesis for the development of
depression involves the impact of stress on psychological
functioning.8 In response to stress, the hypothalamus
releases corticotropin-releasing hormone (CRH), which
stimulates the pituitary to release corticotropins, which
in turn stimulate the adrenals to release cortisol. Impair-
ment in hypothalamic-pituitary-adrenal (HPA) axis func-
tioning may be directly involved in depression as well as
anxiety, but as with monoamines, the relationship is
complex. In clinical studies, patients with depression have
not consistently demonstrated abnormal cortisol levels in
comparison with healthy controls, nor have they exhib-
ited evidence of impaired HPA function. However, some
patients have demonstrated elevated CRH levels in cere-
brospinal fluid, chronically increased cortisol levels in
blood, and impaired negative feedback. Additionally,
Eisch et al. (2008)11 recently highlighted evidence sup-
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porting the hypothesis that decreased neurogenesis in the
adult hippocampus in response to stress is important in
the etiology of depression, including observations of
reduced hippocampal volume in depressed patients. The
efficacy of antidepressants also supports stress as a con-
tributor to depression, as monoamines affect action of
the HPA axis in response to stress, and antidepressants
may improve mood by countering the effects of stress,8

perhaps by increasing neurogenesis.11

While impressive gains have been made in our
understanding of the pathophysiology of depression,
inconsistencies in findings from clinical studies under-
score the fact that depression is a complex disorder that
likely has multiple subtypes and multiple causes, includ-
ing a possible role for vitamin D.

VITAMIN D, THE BRAIN, AND DEPRESSION

While ample evidence suggests that vitamin D likely has
important functions in the human brain and many inves-
tigators consider it a neurosteroid,12,13 it remains unclear
whether these functions may be related to the occurrence
of major depression. Numerous recent studies have iden-
tified VDR in nearly all tissues in the body, including both
neuronal and glial cells in the central nervous system.12

Eyles et al.13 identified VDR in multiple areas of the
human brain, including the prefrontal cortex, hippocam-
pus, cingulate gyrus, thalamus, hypothalamus, and sub-
stantia nigra, many of which have been implicated in the
pathophysiology of depression.14 The majority of these
regions also demonstrated substantial immunoreactivity
for 1alpha-hydroxylase enzymes capable of metabolizing
25(OH)D to 1,25(OH)2D,13,15 suggesting that, in these
regions, 1,25(OH)2D likely has autocrine and/or para-
crine activity.13 Vitamin D metabolites can cross the
blood-brain barrier, though animal studies suggest there
may be little uptake of 1,25(OH)2D in the brain16,17;
25(OH)D uptake also appears low but sufficient to
provide substrate for local conversion to 1,25(OH)2D.18

A substantial amount of current evidence supporting
a role of vitamin D in brain development and behavior
has come from animal studies involving rodents experi-
mentally deprived of vitamin D in utero or after birth and
those lacking functional VDR. In a study of the effect of
vitamin D deficiency on the developing rat brain, pups
deprived of vitamin D in utero developed brains with
thinner neocortices, greater cell proliferation, heavier
weight, and decreased levels of both nerve growth factor
and glial cell line-derived neurotrophic factor (GDNF)
than vitamin D-sufficient controls.19 It has been suggested
that the increased brain weight is due to reduced apopto-
sis.20 Interestingly, in one study in humans, the variant
allele of the common fok1 polymorphism in the VDR
gene, leading to production of a less active transcription

factor than the wild-type, was associated with increased
head size.21 Additional studies have indicated that in utero
vitamin D deficiency results in dysregulation of cellular
differentiation in the developing rat brain. Results from
experiments performed by Féron et al.20 suggest that
many of the effects of maternal vitamin D deficiency on
brain development persist into adulthood, even if vitamin
D levels are adequate after birth.

Studies of mice lacking functioning VDR (i.e., VDR
knockout mice) have reported that the absence of VDR
is associated with substantial behavioral impairment and
increased anxiety.22 Kalueff et al.23 reported that “Tokyo”
VDR knockout mice demonstrated significant reductions
in grooming (e.g., barbering), aggression, nest building,
and maternal behaviors, all of which are related to
anxiety, compared to wild-type controls. However, these
mice did not demonstrate greater frequency of
depressive-like behaviors, such as greater immobility
during the tail suspension test, than wild-type controls.
Other studies of VDR knock-out mice have reported
behavioral differences indicative of greater anxiety in
these animals; however, these may also be explained by
greater impairment in musculoskeletal functioning.24,25

Behavioral impairments demonstrated by VDR knockout
mice appear to be different from those of infant and adult
mice deprived of vitamin D in utero, suggesting that tran-
sient vitamin D deficiency is more closely related to
behavioral change than sustained deficiency.26 However,
these changes appear more closely related to symptoms of
psychosis than depression. In fact, much of the research
on vitamin D and brain function has been in the area of
schizophrenia. Results from a variety of population
studies suggest that schizophrenia is more common in
individuals born during the winter and spring when
maternal vitamin D levels are low,26 and that vitamin D
supplementation in early life may reduce risk.19

At this time, there is little available evidence concern-
ing how vitamin D relates to the monoamines likely to be
involved in depression. 1,25(OH)2D appears to increase
expression of genes encoding for tyrosine hydroxylase,
the precursor of norepinephrine, in adrenal glands.12

Animal studies suggest that 1,25(OH)2D may protect
neurons against the effects of dopaminergic toxins by
upregulating GDNF.27,28 In a recent study, rats exposed to
methamphetamine, a dopaminergic toxin, experienced
significant decreases in serotonin and dopamine in the
striatum and accumbens; rats treated with 1,25(OH)2D in
addition to the toxin did not demonstrate these effects.27

1,25(OH)2D treatment did not increase serotonin or
dopamine concentrations in controls, but did increase
concentrations of 3,4-dihydroxyphenylacetic acid
(DOPAC), a major dopamine metabolite, in the striatum
and accumbens. The authors hypothesize that this may be
due to increased dopamine synthesis and metabolism or
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by upregulation of GDNF. Similarly, in a study of 4-week
vitamin D deprivation in weanling rats, vitamin D defi-
ciency was associated with significant increases in
dopamine and DOPAC in the cortex and hypothalamus,
suggesting that dopamine synthesis and utilization were
both increased29; cortical norepinephrine levels were also
elevated. Furthermore, it has been suggested that vitamin
D deficiency may be related to the development of Par-
kinson’s disease, which is characterized by the death of
dopaminergic neurons in the substantia nigra of the
brain.18

Evidence suggesting a relationship between vitamin
D, stress, and cortisol is also limited. Vitamin D receptors
are present in hippocampal neurons, which also demon-
strate 1-alpha-hydroxylase activity and thus the ability to
metabolize 25(OH)D into 1,25(OH)2D for local use.13 It is
unclear whether vitamin D is involved in neurogenesis in
response to stress, but in vitro evidence suggests there is
cross-talk between VDR and glucocorticoid receptors in
the hippocampus30 and vitamin D is involved in neuron
differentiation and/or apoptosis in this region. Clearly,
additional information on potential relationships
between monoamines, HPA function, and vitamin D are
needed to determine whether vitamin D may be physi-
ologically related to the occurrence of depression.

EPIDEMIOLOGIC STUDIES OF VITAMIN D STATUS
AND DEPRESSION

At this time, epidemiologic evidence of a relationship
between vitamin D and depression is limited. Relatively
few epidemiologic studies have evaluated this relation-
ship, and results have been inconclusive (Table 1).1,31–38 In
all but one study,1 investigators assessed vitamin D
metabolite levels and mood status using a cross-sectional
design.

In one evaluation including 25 inpatients with
major depression, cases had significantly lower mean
1,25(OH)2D levels and non-significantly lower 25(OH)D
levels than 31 healthy controls.31 While these results were
unadjusted for other factors, metabolite levels were not
significantly correlated with age and didn’t vary signifi-
cantly by gender.A second study assessed 25(OH)D levels
and evidence of a mood disorder, as assessed by a nine-
item depressive symptom inventory, in 40 individuals
with mild Alzheimer’s disease and 40 non-demented
persons, all over 60 years of age.32 After adjustment for
age, sex, race, and season, subjects with 25(OH)D levels
<20.0 ng/mL were significantly more likely to have a
mood disorder (P = 0.02) than those with higher levels.
However, the mean depressive features score did not vary
by vitamin D status (P = 0.75). Jorde et al.33 reported a
modestly higher prevalence of mood symptoms in 21
men and women with secondary hyperparathyroidism

compared to 63 age- and sex-matched controls, all of
whom were members of the Tromsø 5th study. In this
study, serum 25(OH)D levels were inversely related to
scores on the total Beck Depression Inventory (BDI)39

scale (P = 0.04) and BDI cognitive-affective subscale
(P = 0.01), though low mean scores on these scales overall
suggest that few cases or controls were experiencing clini-
cally significant levels of depressive symptoms. 25(OH)D
levels were also significantly lower in 89 premenopausal
women with MDD than in 44 controls matched on age
and body mass index in a study of depression and bone
mass (34 vs. 27 ng/mL, P = 0.002).34

In a recent substudy among participants in the Lon-
gitudinal Aging Study Amsterdam, Hoogendijk et al.35

evaluated 25(OH)D levels and prevalent depression, as
assessed by the Center for Epidemiologic Studies –
Depression (CES-D) scale and psychiatric evaluation, in
men and women aged 65 years and older. Mean 25(OH)D
levels in 26 participants with MDD and 169 with minor
depression were comparable and 14% lower than those
of 1,087 non-depressed individuals (19 vs. 22 ng/mL;
P < 0.001). After adjustment for other factors including
age, sex, smoking status, and body mass index, depression
severity as measured by continuous CES-D score was
significantly associated with 25(OH)D (P = 0.03).

Other studies have not observed a relationship
between vitamin D and depression.After adjustment for a
variety of factors including geography, body mass index,
physical activity, and smoking, 25(OH)D levels were not
associated with depressive symptoms in a recent study of
3,262 older men and women in China.36 Two small
studies of depression and bone health did not suggest that
vitamin D metabolite levels were lower in women with
depression than in healthy controls.37,38 Furthermore,
cases and controls also did not differ in the distribution of
alleles of three common vitamin D receptor polymor-
phisms (Apa1, Bsm1, and Taq1).38

While the findings of these studies are provocative,
several important questions are raised. First, because
vitamin D was evaluated with respect to current mood
status, it cannot be ascertained whether observed rela-
tionships between low 25(OH)D levels and depression
are likely causal. It is unknown whether low 25(OH)D
levels preceded the development of depression or were a
consequence of dietary and/or behavioral changes result-
ing from depression. For example, it is plausible that
individuals developing depression may reduce their time
spent outdoors, participate less in physical activity,
change their diet, or increase smoking, all of which may
result in lower 25(OH)D levels.5,40,41 To determine if
25(OH)D is etiologically related to depression, prospec-
tive studies that assess changes in mood over time in
individuals with low versus sufficient vitamin D levels are
necessary.
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Second, the potential for confounding in studies of
vitamin D and depression is great. A variety of factors
influence 25(OH)D levels, including age, time spent
outdoors, latitude, physical activity, body mass index,
smoking, and alcohol use.5,40–44 Many of these factors are
also associated with the incidence of depression.45–49

However, most of the cross-sectional studies conducted
to date have presented unadjusted results not taking
into consideration one or more of these important
factors.31–33,37,38 It is thus difficult to determine if observed
associations are accurate or may be explained instead
by confounding.

A RANDOMIZED TRIAL OF VITAMIN D
SUPPLEMENTATION AND DEPRESSION

To address methodological concerns raised by these prior
investigations, additional studies are needed that assess
the relationship of vitamin D and depression prospec-
tively over time and that control for a variety of con-
founding factors by multivariable statistical analysis or
through randomization of vitamin D exposure. Recently,
results from a randomized clinical trial by Jorde et al.1

have provided important additional support for a pos-
sible causal relationship between vitamin D status and
depression. Participants in the trial were men and women
between the ages of 21 and 70 years, and all were over-
weight or obese (i.e., BMI � 28.0 kg/m2). After exclusions
for history of cardiovascular disease, previous antidepres-
sant use, and other characteristics, 441 participants were
enrolled.

At the time of enrollment, serum samples were
collected and used to assess 25(OH)D, parathyroid
hormone, and calcium levels. The BDI was used to evalu-
ate mood status at baseline.39 This well-validated scale
asks respondents to choose the most applicable of four
statements about their feelings over the previous 2 weeks,
and includes 21 sets of statements. For example, item 1
concerning sadness includes the following statements:
0) “I do not feel sad”; 1) “I feel sad much of the time”; 2) “I
feel sad all the time”; 3) “I am so sad or unhappy that I
can’t stand it.” Each item is assigned a point score ranging
from 0 to 3, with points summed across all items to
derive a total score. The BDI may also be evaluated as
two subscales, with items 1–13 addressing cognitive-
affective symptoms of depression and items 14–21
addressing somatic-vegetative symptoms. Total scores are
classified as follows: 0–9 = not depressed; 10–18 = mild-
to-moderate depression; 19–29 = moderate-to-severe
depression; 30–63 = severe depression. The authors also
collected information on other factors including physical
activity, age, gender, BMI, and smoking status.

The trial compared three treatments administered
over 1 year: 1) two 20,000 IU capsules of vitamin D3 per

week (40,000 IU/wk total); 2) one 20,000 IU capsule
of vitamin D3 + one placebo capsule per week
(20,000 IU/wk total); and 3) 2 placebo capsules per week.
Participants were randomized to a treatment group
after stratification by gender and smoking status. Blood
samples were collected every 3 months during follow up
to monitor calcium status and evaluate 25(OH)D
changes. At the end of the 1-year follow-up, the BDI was
readministered. Compliance with the intervention was
similar in all three groups (95%), as was the drop-out rate
(range, 22.7–25.3%). Overall, 334 participants completed
the trial.

The authors assessed the correlation between base-
line BDI scores and 25(OH)D levels prior to random-
ization and treatment. Continuous 25(OH)D levels were
not significantly correlated with either total BDI scores
or scores on either subscale. However, when participants
were instead divided into those with sufficient and
insufficient 25(OH)D levels (<40 vs. �40 nmol/L), those
with insufficient 25(OH)D had significantly higher total
BDI scores (6.0 vs. 4.5; P < 0.05) and scores on BDI
items 1–13 (2.0 vs. 1.0; P < 0.05) than those with suffi-
cient 25(OH)D. Scores on BDI items 14–21 were com-
parable (3.5 vs. 3.0).

In the 334 participants who completed the study,
there was significant evidence of modest improvement
in BDI scores after 1 year of vitamin D supplementation
(Figure 1). In the group receiving 40,000 IU/wk, the
median total BDI score decreased from 4.5 to 3.0
(P < 0.01), while in those receiving 20,000 IU/wk, the
median score decreased from 5.0 to 4.0 (P < 0.01). In
contrast, in the placebo group, median scores did not
decrease significantly (4.0 vs. 3.8; P > 0.05). Both groups
receiving vitamin D supplements also demonstrated sig-
nificant improvement in the BDI cognitive-affective sub-
scale, while no difference was observed in the placebo
group. Differences in baseline vs. 12-month follow-up
score distributions on the somatic-vegetative subscale
were significant in all three groups.

In addition, the authors observed greater improve-
ment in cognitive-affective scores in several subgroups of
individuals receiving 40,000 IU/wk including the follow-
ing: women; older individuals; those with higher BMI;
those with lower 25(OH)D at baseline; those with higher
cognitive-affective BDI score at baseline; and those with
lower physical activity at baseline. The frequency of
adverse events was similar between groups. Only one
subject had a persistently elevated serum calcium level in
response to 20,000 IU/wk and had to withdraw from
the study.

Results from this relatively large randomized trial
contribute substantially to our growing knowledge of
how vitamin D may relate to depression and has several
important strengths. Given the randomized assignment
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of vitamin D supplementation, these results are not likely
attributable to confounding by physical activity and other
factors related to both depression and vitamin D. The
prospective nature of this study also addresses the ques-
tion of temporality of the vitamin D-depression relation-
ship, as supplementation preceded evaluation of change
in BDI scores; this lends support for a causal relationship
between vitamin D and mood.

Despite these interesting findings, there are several
important points requiring further consideration, many
of which the authors themselves cite as limitations. First,
as all participants were overweight or obese at random-
ization, it is unclear whether these findings are applicable
to a normal-weight population. Second, mean BDI scores
in this population were low (4.5–5.0 at baseline), suggest-
ing that few participants were clinically depressed. It is
unclear whether these findings would be replicated in a
population experiencing moderate-to-severe depression.
It is also unclear whether the results suggesting differ-
ences in effect by gender, age, and other factors indicate
true physiologic differences or whether they are instead
reflective of higher baseline BDI scores in women and
other sub-groups, with more room for improvement in
mood.

Third, the doses of vitamin D tested were very large.
A dose of 40,000 IU per week is equivalent to 5,714 IU
per day, while 20,000 IU is equivalent to 2,857 IU per day;
after 1 year, 25(OHD) levels in these two groups were

112.1 nmol/L and 87.8 nmol/L, respectively. Despite this
high level of supplementation, the observed improve-
ments in mood were quite modest. Mean total scores on
the BDI decreased by 1.5 points in the group receiving the
highest supplementation. This is equivalent to a 1–2 level
change in response category on a single item. It is unclear
whether this improvement, though statistically signifi-
cant, is clinically significant.

Finally, the authors do not directly address how
spontaneous regression of depressive symptoms over
the 1 year of follow-up may have influenced the results.
Statistical comparisons are made within intervention
groups, so it is not clear whether the improvements in
BDI scores in those randomized to vitamin D would still
be significant after taking into account the level of remis-
sion experienced in the placebo group. It is also unknown
how quickly improvement in mood occurred after
supplementation began.

SUPPORTING EVIDENCE: VITAMIN D AND
RELATED CONDITIONS

In addition to investigations of vitamin D and major
depression or depressive symptoms, several studies have
evaluated how vitamin D may relate to other affective
disorders such as seasonal affective disorder, premen-
strual syndrome/premenstrual dysphoric disorder, and

Figure 1 Changes in Beck Depression Inventory (BDI) scores between baseline (light bars) and 12-month follow-up
(dark bars) in a randomized trial of vitamin D and depression. Changes are grouped as total scores, BDI items 1–13, and
BDI items 14–21 for three treatment groups (40,000 IU per week, 20,000 IU per week, and placebo). Range of possible total BDI
scores, 0–65.
Adapted from Jorde et al. (2008)1
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fibromyalgia. Results from these studies are also incon-
sistent, but provide modest support for a possible effect of
vitamin D on mood.

Seasonal affective disorder

Seasonal affective disorder (SAD) is a disorder character-
ized by symptoms of depression, anxiety, irritability,
appetite changes, hypersomnia, and fatigue that occur
during winter months and abate in the spring and sum-
mer.50 Women are affected more than men and the
average age at onset (mid 20s) is comparable to that of
major depression. Some evidence suggests that incidence
increases with latitude and thus reduced sun exposure,
and that phototherapy with broad-spectrum, bright, arti-
ficial light (>2500 lux) may improve symptoms within
days in some patients.50

A role of vitamin D in the etiology of SAD was first
suggested by Stumpf and Privette.51 In the last two
decades, several small randomized trials have tested this
hypothesis, but have provide mixed evidence that vitamin
D supplementation significantly improves SAD symp-
toms. Vieth et al.52 randomized 82 adults with evidence of
vitamin D deficiency to the equivalent of 100 mcg
(4000 IU) or 15 mcg (600 IU) of vitamin D3 per day for 3
months over two consecutive winters. Changes in well-
being between December and February of each year were
evaluated with a short questionnaire based on standard
depression scales. The investigators observed some evi-
dence of improved well-being in those assigned to the
higher-dose regimen compared to the lower, though
results were not significant for all comparisons. Improve-
ments in mood symptoms were also observed in two
other small trials.53,54

Three additional trials did not observe any improve-
ment in SAD symptoms with vitamin D treatment.55–57 In
a randomized trial of vitamin D supplementation to
prevent seasonal bone loss, Harris et al.55 randomized 250
women between the ages of 43 and 72 years to receive
either 400 IU of vitamin D + 377 mg of calcium per day
or calcium alone for 1 year. Randomization took place in
June and July, and follow-up visits were conducted mul-
tiple times over 1 year, including during December and
January, when depressive symptoms were hypothesized
to be most prevalent.At each follow-up visit, the Profile of
Mood States (POMS) scale was used to assess depressive
symptoms, and blood samples were collected to assess
25(OH)D and 1,25(OH)2D levels. The authors did not
find any difference in POMS score between women ran-
domized to receive vitamin D versus placebo. In addition,
POMS scores were not correlated with vitamin D
metabolite levels, and changes in vitamin D did not cor-
relate with changes in POMS over time. Similarly, after 6
months, Dumville et al.56 did not observe improvement in

the Mental Component Score from the 12-item Short
Form Health Survey in 1,621 women randomized to
800 IU of vitamin D and 1,000 mg/d of calcium com-
pared to controls.

Two trials involving phototherapy as treatment for
SAD did not find that regular exposure to light at
standard therapeutic doses affected 25(OH)D levels,57,58

suggesting that improvements in mood associated
with phototherapy are unlikely to be through vitamin
D-related pathways. Taken together, there is only modest
evidence that vitamin D is effective at treating the symp-
toms of SAD.

Premenstrual syndrome and premenstrual
dysphoric disorder

PMS is a disorder characterized by moderate-to-severe
physical and emotional symptoms in the luteal phase
of the menstrual cycle that substantially interfere with
normal life activities and interpersonal relationships.59,60

Some of the most common emotional symptoms are
depression, irritability, mood swings, and anxiety.61–63

Women in whom affective symptoms predominate may
also meet criteria for PMDD, a more severe form of PMS
that is associated with significant impairment of normal
functioning.6,63 PMDD is recognized as a mood disorder
in the DSM-IV.6

A small body of research suggests that circulating
levels of vitamin D, calcium, and PTH may be involved in
the development of menstrual symptoms, PMS, and
PMDD. It has been suggested that women who experi-
ence symptoms consistent with PMS during the luteal
phase may be experiencing vitamin D deficiency,
calcium dysregulation, and hyperparathyroidism.64 A
small number of studies have explored the relationship
between these vitamin D-related biomarkers and men-
strual symptoms. Thys-Jacobs et al.65 reported significant
differences in levels of these biomarkers in seven
PMS cases compared to five symptom-free controls.
1,25(OH)2D and PTH were higher in PMS cases than
controls in the follicular, ovulatory, and luteal phases of
the menstrual cycle, while 25(OH)D levels were signifi-
cantly lower at all phases. However, a second recent study
by the same investigators reported that mean serum levels
of 25(OH)D and 1,25(OH)2D were similar in 68 women
with PMDD and 47 healthy control women.66

Vitamin D supplementation for the prevention or
treatment of PMS has not been explored directly.
However, low dietary vitamin D intake has also been
associated with the initial development of PMS. A study
by Bertone-Johnson et al.67 in a subset of the Nurses’
Health Study II cohort found that women with the
highest reported intake of vitamin D from food sources,
equivalent to approximately 400 IU per day, had a signifi-
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cant 41% lower risk of developing PMS over the next 2–4
years compared to women with the lowest intake (P for
trend = 0.01). Additional evidence concerning the role of
vitamin D deficiency in PMS/PMDD is clearly needed.

Fibromyalgia

Fibromyalgia is a disorder associated with chronic pain
and tenderness at a variety of muscular skeletal points
throughout the body.68 It often occurs concurrently with
MDD, premenstrual dysphoric disorder, and other psy-
chiatric conditions, and is considered by many to be an
affective spectrum disorder.69 Only one study to date has
assessed whether vitamin D may be associated with
depression and anxiety in fibromyalgia.Armstrong et al.70

compared serum 25(OH)D levels and Hospital Anxiety
and Depression scores in 75 fibromyalgia patients. Sig-
nificantly higher scores, indicating greater mood impair-
ment, were observed in those with 25(OH)D deficiency
(<25 nmol/L) than in those with sufficient levels. Replica-
tion of this finding is needed to better understand the
impact of vitamin D on mood in fibromyalgia.

CONCLUSION

At this time, the evidence linking vitamin D to the devel-
opment of depression remains largely circumstantial.
Findings of mechanistic studies suggest that vitamin D
plays an important role in brain development and func-
tion. It is, however, unknown whether these actions
directly affect monoamine levels, HPA axis functioning in
response to stress, or other mechanisms involved in
depression. Relatively few epidemiologic studies have
robustly evaluated whether sufficient vitamin D levels
may prevent or treat depression. Recent findings of Jorde
et al.1 lend some support for a relationship between
vitamin D and depressive symptoms, but important ques-
tions persist.

Additional information from several areas is clearly
needed to answer the following questions. Those from
mechanistic studies include: Does vitamin D affect
monoamine and/or HPA axis functioning? Is vitamin D
directly involved in hippocampal neurogenesis? Does
vitamin D deficiency in adulthood affect brain function
differently than deficiency in utero and/or during
development?

Questions from epidemiologic studies include: Is
vitamin D status related to all types of depression or to
specific subtypes, such as depression co-occurring with
symptoms of anxiety or with evidence of dopaminergic
dysfunction? Can vitamin D supplementation substan-
tially improve mood in a clinically depressed population,
over and above what would occur spontaneously? Can

maintaining sufficient vitamin D levels reduce the inci-
dence of first major depression and prevent recurrence?
What supplemental or sunlight exposure dose of vitamin
D is most effective?

At this time, it is premature to conclude that vitamin
D status is related to the occurrence of depression.
However, until results from additional prospective
studies are available, there is little harm in recommending
that individuals with depressive symptoms consume the
newly recommended dose of 1,000–2,000 IU of vitamin
D per day and attain modest sun exposure, given the
overall health benefits of vitamin D and the low risk of
toxicity at these doses.
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