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ABSTRACT

Vitamin D deficiency is evident in many parts of the world, even in the sunnier regions, for a variety of reasons. Recently, vitamin D has been
reported in many scientific researchers as an important factor that may have significant health benefits in the prevention and the treatment of many
chronic illnesses such as depression. According to the Global Burden of Disease Study, depression is one of the world's leading causes of disability
and affects 350 million people in all communities across the world. Depressive disorders often start at an early age; they reduce people’s
functioning, and they are the leading cause of disability worldwide in terms of total years lost due to disability. The demand for curbing and
preventing depression is on the rise globally. The present review will highlight the relation between vitamin D deficiency and the risk of depression
among the different population. It will also discuss the epidemiology of vitamin D supplementation and depression from a variety of sources both

suggesting and disproving their relation.
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VITAMIN D
Description

The generic term vitamin D designates a group of chemically related
compounds; the two most prominent members of this group are
vitamin D2 (ergocalciferol) and vitamin D3 (cholecalciferol) [1]. They
are structurally similar secosteroid derived from the UV irradiation
of provitamin D sterols. In vertebrates, vitamin D3 is produced in
vivo by the action of sunlight on 7-dehydrocholesterol in the skin [2].
Since both forms of this vitamin are metabolized to a biologically
active form that functions as a steroid hormone and the body is
capable of producing vitamin Ds, vitamin D does not meet the
classical definition of a vitamin. A more accurate description of
vitamin D is that it is a prohormone [3]. However, since vitamin D
was first recognized as an essential nutrient, it has historically been
classified among the lipid-soluble vitamins [3].

Sources and food fortification

Most natural foods have a low content of vitamin Ds. Fish liver oil is
an exceptional source of vitamin D.. The D-provitamins, ergosterol,
and 7-dehydrocholesterol are widely distributed in the animal and
plant kingdoms. Yeast, some mushrooms, cabbage, spinach and
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wheat germ oil are particularly abundant in provitamin D.. Vitamin
Ds and its provitamin are present in egg yolk, butter, cow’s milk, beef
and pork liver, mollusks, animal fat and pork skin [4]. However, in
individuals with ample sunlight exposure the greater source is
endogenous vitamin D [5].

In many countries, the predominant dietary sources of vitamin D are
fortified foods, such as milk, yogurt, orange juice, breakfast cereals,
and dietary supplements. Vitamin D is manufactured through the
ultraviolet irradiation of ergosterol from yeast, and vitamin D3 through
the ultraviolet irradiation of 7-dehydrocholesterol from lanolin [5].

Absorption, metabolism, and excretion

Because dietary vitamin D is fat soluble, once it is ingested in the
small intestine, it is incorporated into the chylomicron fraction and
absorbed through the lymphatic system [6]. Once vitamin D enters
the circulation from the skin or from the lymph, it accumulates in
the liver within a few hours. Vitamin D is readily metabolized in the
liver to 25-hydroxyvitamin Dz which is the most abundant form of
vitamin D in circulation [7]. Further metabolism of 25-
hydroxyvitamin Ds to the active metabolite 1,25-dihydroxyvitamin
Ds occurs in the kidneys (fig. 1) [7].

Fig. 1: Major metabolic pathway of vitamin D
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The production of 1, 25-dihydroxyvitamin Ds in the kidney is tightly
regulated, principally through the action of PTH in response to
serum calcium and phosphorus levels (fig. 2) [8].
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Fig. 2: Regulation of the production of 1, 25-dihydroxyvitamin
D3 in the kidney, Adapted from reference Dusso AS
and Tokumoto M [9]. doi: 10.1038/ki.2010.543

Although 1,25-dihydroxyvitamin Dsis the biologically active form of
vitamin D, it is not the ideal measure for vitamin D status since its
half-life is only 4-6 h, and the circulating levels of 1,25-
dihydroxyvitamin Dsare thousand fold less than 25-hydroxyvitamin
D3 [8]. 25-hydroxyvitamin Dsis the major circulating forms of
vitamin D that has a half-life of approximately 2-3 w [10, 11].

Groups at risk for vitamin d deficiency

Optimal vitamin D status is hampered by several factors. The limited
number of naturally rich foods with this nutrient causes some
groups to be at risk for inadequacy. The current Adequate Intake
(AI) is 200 IU/day for both women and men from infancy to age 50;
400 IU/day for those between 51-70 y; and 600 [U/day for
those>70 y [12]. Recently, the American Academy of Pediatrics
recommended increasing the daily intake of vitamin D to 400 IU/day
for all infants, children, and adolescents [13].

Vitamin D deficiency is now a global public health problem affecting
a billion people worldwide. It is defined by most experts as a 25-
hydroxyvitamin D level of less than 20 ng per milliliter (50 n mol/
liter) [14]. Levels ranged between 21 to 29 ng per milliliter (52 to 72
n mol/liter) can be considered to indicate a relative insufficiency of
vitamin D [15], and a level of 30 ng per milliliter or greater can be
considered to indicate sufficient vitamin D [16].

Vitamin D deficiency can arise from lack of sunlight exposure, lack of
dietary vitamin D intake, or impaired intestinal absorption of the
vitamin.

Intestinal disorders

Impairment of intestinal absorption of vitamin D can occur in
intestinal disorders that result in the malabsorption of fat such as
tropical sprue, regional enteritis, and multiple jejunal diverticulosis
[17]. Surgical conditions, such as gastric resection and jejunal-ileal
bypass surgery for obesity, may also impair vitamin D absorption.

Liver disorders

The liver is the source of the bile salts that aid in the intestinal
absorption of vitamin D. Hence, malfunctions of the liver can
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interfere with the absorption, transport, and metabolism of vitamin
D. Vitamin D deficiency have been reported in patients suffering
from either primary biliary cirrhosis or from the prolonged
obstructive jaundice [18].

Renal disorders

Patients with renal failure often also suffer from vitamin D
deficiency. Studies on the metabolism of radioactively labeled
vitamin D in normal persons versus patients with chronic renal
failure have proved that the circulating level of 1a, 25 (OH)z D3 in
normal subject was in the range of 30-35 pg/ml, whereas in chronic
renal failure the levels have been reported as low as 3-6 pg/ml [19].
A successful renal transplant results in the return of 1a, 25(0H)2 D3
levels to the normal range [20].

Parathyroid disorders

Hypoparathyroidism results in a slight reduction in circulating 1a,
25(0H)2Dslevels has been reported [21].

Age

Further, 1a, 25(0H)2 D3 levels in the plasma and responsivity of the
renal 25(0H)Ds-1a-hydroxylase to PTH are both known to decrease
with age [22].

Sex differences

Findings from the National Health and Nutrition Examination Survey
(NHANES-III, 2001-2004), which included more than 15,000 adults,
indicated significantly lower levels of vitamin D for female than male
participants [23].

Race

For individuals who have darker skin, decreased vitamin D is more
common. Due to higher melanin levels, dark-skinned individuals
experience reduced subcutaneous vitamin D synthesis compared to
those with lighter pigmentation, making them another high-risk
group for vitamin D deficiency [24].

Body weight

Obesity has been found to be inversely related to vitamin D level
[25]. This may be due to excess adipose tissue that sequesters
vitamin D thereby altering its release into circulation [25]. Body
image concerns may also cause obese individuals to avoid skin
exposure to the sun resulting in inadequate vitamin D levels [26].

Depression disorder
Description

Depression, in its own right, is a disabling condition impairing all
aspects of human function and impacts society by increasing suicide
risk. In persons with a chronic medical disease, depression often
makes the management of chronic illness more difficult. The
Diagnostic and Statistical Manual of Mental Disorders, Fourth
Edition (DSM-1V) [27] provides a general definition for mental
disorder: “a clinically significant behavioral or psychological
syndrome or pattern that occurs in an individual and that is
associated with present distress or disability or with a significantly
increased risk of suffering death, pain, disability, or an important
loss of freedom.”Depression should not be mistaken for simple
feelings of unhappiness or grief.

Untreated depression can last for six months or more. In a
prospective psychiatric epidemiological survey, the mean time to
recovery was 8.4 mo and nearly 20% had not recovered at 24 mo
[28]. A majority of patients improve significantly with
antidepressants treatment [29]; however, depression often has a
recurrent course, with multiple episodes of relapse [30]

Prevalence

Currently, the WHO has determined that depression is ranked fourth
on the global burden of disease list. The rates of depression continue
to increase, and the WHO predicts that it will be the second most
common global burden of disease after cardiovascular disease by the
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year 2020 [31]. Lifetime prevalence levels from community-based
surveys range from 4.9% to 17.1% [32].

Longitudinal studies suggest that about 80% of individuals
experiencing a major depressive episode will have at least one more
episode during their lifetime, and approximately 12% of patients who
suffer from depression will have a chronic, unremitting course [33].

General causes

Unlike other illnesses or disorders, there is no simple explanation as
to what causes depression. The general scientific understanding is
that depression does not have a single cause; it arises from multiple
factors that may need to occur simultaneously. A person’s life
experience, stress, genetic inheritance, age, sex, brain chemistry
imbalance, hormone changes, substance use and other illnesses all
play significant roles in the development of depression.

Gender

In fact, the burden of depression is 50% higher for females than
males in low-and-middle-income countries as well as in high-income
countries [34]. Research in developing countries suggests that
maternal depression may be a risk factor for poor growth in young
children [35]. This risk factor could mean that effects of depression
affect not only this generation but also the next.

Genetic factors

The occurrence of mood disorders and suicides tend to run in families.
Among the first-degree relatives of patients with major depression, the
prevalence of major depression is some two to three times higher than
among the first-degree relatives of normal controls. Furthermore, the
genetic risk of developing clinical depression is 30% in the case of
complete genetic inheritance such as identical twins, which means
only about 30% of the time when one twin develops depression, will
the other twin. These results indicate that depression is unlikely to
occur without stressful life events [36].

Despite these findings, however, genetic studies have not as yet
identified any genes which can be confidently associated with this
illness, indicating that in all likelihood major depression is
genetically complex, involving not only multiple genes but also
possibly multiple modes of inheritance [37].

An interesting genetic vulnerability factor is allelic variation in the
promoter region of the gene encoding the serotonin 5-HT
transporter (SHTT) [38].

Age

MDD (Major Depressive Disorder) can present at any age, but the
peak prevalence occurs in those between the ages of 15 and 45 y
[39]. Generally, the depressive episodes occurring in the mid-
twenties are associated with a biologically inherited tendency to
develop depression, whereas those occurring after age 60 are less
likely to be due to a genetic predisposition [39].

Stress

One of the cardinal features of depression is its recurrent nature. Some
patients experience regular or periodic recurrence, whereas in other
patients recurrence is aperiodic. Certain biological (e. g, short allele of
serotonin transporter gene promoter region polymorphism, the release
of hormones from the adrenal gland as part of the organism’s general
stress response) and psychological (e. g, neuroticism, cognitive
vulnerability) markers have been identified as possible risk factors for
recurrence of depression in the context of stress [38, 40, 41].

However, the effect of the short allele of the SHTT has been criticized as
implausible because of the small effect size of polymorphic variation on
the phenotypic expression of complex traits [36]. In addition, carriers of
the short allele of the SHTT do not seem much more likely than carriers
of the long allele to experience depressive illness, which would be
expected if they were more susceptible to stress [42].

Physical illness and substances use

Depression is an expected consequence of any chronic illness; these
may include disorder of the CNS, systemic disorders such as
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cardiovascular disease and cancer. Studies found that about 10-18%
of depressive disorders can be triggered by an existing medical
condition.

Major depression affects approximately 25% of people recovering
from a myocardial infarction, and another 40% suffer from mild
depression. Patients identified with depression were twice as likely
to experience recurrent cardiovascular events and were less likely to
follow dietary, exercise, and medication recommendations [42].

Depression can be seen in up to one-half of all stroke patients.
Psychotherapy has been associated with modest improvement in
post-stroke depression and is considered to be part of a
multidisciplinary approach [43, 44].

Depression has also been seen in association with diabetes and severe
obesity, particularly in younger patients and in women [45, 46].

It is estimated that 25% of children with Attention-deficit/
hyperactivity disorder (ADHD) have a comorbid anxiety disorder,
and approximately these children have comorbid major depressive
disorder [47].

Chronic cannabis use is associated with various psychiatric
disorders, most commonly anxiety disorders and depressive
disorders [48]. One of the common adverse reactions of melatonin
includes transient depressive symptoms [49].

Biochemical factors

It is likely that with most instances of clinical depression,
neurotransmitter function is disrupted especially serotonin,
noradrenaline and dopamine [41].

Depression medical treatment strategies

The treatment of MDD can be divided into two phases: acute and
maintenance. The aim of acute treatment is to eliminate symptoms
of depression and restore psychosocial functioning. The aim of
maintenance treatment is to ensure a return to baseline function
and quality of life and to prevent recurrence of symptoms.

First-line medications are the selective serotonin reuptake inhibitors
(SSRIs), serotonin and noradrenaline reuptake inhibitors (SNRIs), and
newer agents because they have better safety and tolerability profiles
than older medications like tricyclic antidepressants (TCAs) and
monoamine oxidase (MAO) inhibitors [50]. TCAs are recommended as
second-line  antidepressants, whereas MAO inhibitors are
recommended as third-line because of tolerability and safety issues
and dietary and drug restrictions.

Light therapy of depression

Light therapy consists of daily exposure to bright light; it includes
wavelengths between 280-320 nm which allow the skin to produce
vitamin D [51]. The previous Canadian guidelines noted the
considerable RCT evidence for light therapy in the acute treatment
of seasonal MDD [50]. Although, few studies compared light therapy
to antidepressants; one RCT found comparable -effectiveness
between a standard course of light therapy and fluoxetine 20 mg
[52]. Several systematic reviews of light therapy for nonseasonal
MDD have reported the efficacy of bright light against placebo
conditions [51, 53]. The side effects of bright light therapy include a
headache, eye strain, nausea, and agitation, but these are generally
mild and rarely lead to treatment discontinuation.

The combination between light therapy and exercise is also well-
known alternative treatments to depression. This can easily be
accomplished by encouraging people to exercise outdoors during
daylight hours. However, the benefit of exercise with natural
sunlight exposure needs to be weighed against the risk of skin
cancer if sun exposure is significant. Therefore, additional research
is needed in this area [54].

Epidemiologic studies of the relationship between vitamin d
and depression

Partonen et al. [55] studied the effect of exposure to the sun for one
hour or 15 min in the morning for two weeks in the winter. The
study was performed on 29 patients (16 with seasonal affective
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disorder (SAD) and 13 controls). One hour of light therapy
significantly decreased depressive symptoms more so in the group
with SAD than the control group (p= 0.003).In another study, a
group of 80 participants aged between 60 to 92 y, 40 with mild
Alzheimer disease (AD) and 40 non demented persons, were
selected. 58% were noted to have vitamin D insufficiency. In
addition, this insufficiency was associated with low mood and with
impairment on two of four measures of cognitive performance [56].
A recent study enrolled 2835 Korean participants aged 65 y or older.
The serum 25-hydroxyvitamin D [25(0H)D] concentrations and
depressive symptoms were established. Results indicated that lower
25(0H)D concentrations were independently associated with
depressive symptoms [57].

Jorde et al. [58] reported that for persons with secondary
hyperparathyroidism (n= 21), lower serum vitamin D was
significantly related to higher scores on the Beck Depression
Inventory when compared to controls (n = 63, p<.05). Armstrong et
al.[59] reported that for persons with the chronic illness of
fibromyalgia (n= 75), 69% were noted to have deficient or
insufficient levels of vitamin D. Depression was higher (assessed
with the Hospital and Anxiety Depression Scale [HADS] Median =
31) for those individuals with vitamin D deficiency when compared
to those with insufficient (HADS = 22.5) or normal (HADS = 23.5)
levels of vitamin D.

Several more recent studies have examined the relationship of
vitamin D to depressive disorders. Moran et al. [60] investigated the
association among 25 hydroxy-Vitamin D status and depression in
73 overweight or obese premenopausal women with and without
PCOS (n=50, n=23, respectively). Primary outcome measures were
25(0H)Ds, mood (Hospital Anxiety and Depression questionnaire),
and inflammation (highly sensitive C-reactive protein (hsCRP)).
Results showed that vitamin D deficiency was not significantly
different in women with and without PCOS (46% versus 39%,
p =0.311), whereas it was the only significant independent predictor
of depression (f =-0.063+0.021, p=0.005).

Ozkayar et al. [61] conducted a cross-sectional and descriptive study
on 117 renal transplant patients (44 female, 73 male; mean age,
39.0+11.7 y). Patients were stratified to two groups according to the
cut-off point (7) ofdepressionsubscale (D) of Hospital
Anxiety Depression Scale (HADS), with or without depression risk.
In the group withdepressionrisk, 25(0H) D3 levels were
significantly lower than the other group (15.249.2 pg/l and
21.9£12.7 pg/], respectively; p = 0.004).

In a pregnancy cohort study performed on 498 women, Huang et al.
examined the association between serum 25(0H)Dsconcentrations
and depressionin early pregnancy (mean=15.4 w gestation).
Symptoms were measured using Depression, Anxiety, and Stress
Scales (DASS-21) and Patient  Health Questionnaire
Depression Module (PHQ-9) instruments. Mean 25 (OH) D3
concentration was 34.4 ng/ml and approximately 12% had
depression symptoms. A 1 ng/ml lower 25(0OH)Dswas associated
with 0.043 and 0.040 higher DASS-21 Anxiety and PHQ-9 Scores (p-
values=0.052 and 0.029, respectively). Participants in the lowest
quartile of 25(0H) D3 (<28.9 ng/ml) had 1.11 higher PHQ-9 scores
than those in the highest quartile & 39.5 ng /ml, p<0.05). However,
associations were attenuated and statistically insignificant in fully
adjusted models [62].

Postpartum depression is a common disorder that affects 10-15% of
postpartum women, and it can have negative effects on both the
mother and newborn. Recent studies have suggested that low levels
of vitamin D are associated with poor mood and depression. 179
pregnant women were screened for vitamin D levels during mid-
pregnancy and in the 6% month postpartum. 11% of women had
severe vitamin D deficiency, and 40.3% had mild vitamin D
deficiency. The frequency of PPD was 21.6% at the 15t week, 23.2%
at 6 week, and 23.7% at the 6% month. There was a significant
relationship between low 25(OH)Dslevels in mid-pregnancy and
high Edinburgh Postnatal Depression Scale scores (EPDS), which is
indicative of PPD for all three follow-up periods (p=0.003, p=0.004
and p<0.001, respectively) [63].
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Maddock et al. [64] performed a study on 7401 participants with
common mental disorders CMDs. Behaviors were ascertained by
questionnaire at age 45 y. CMDs were assessed using the Clinical
Interview Schedule-Revised at 45 y and depression using Mental
Health Inventory-5 at 50 y. Association between 25(0H)D and
subsequent (50 y) risk of depression were non-linear (p =0.01),
with lower risk for participants with 25(0H)D between 50 and 85 n
mol/l compared with those with lower or higher concentrations. In
another cross-sectional study, the cognitive performance and serum
25(0H)D levels were explored in 254 older (>60 y) as well as
younger (30-60 y) adults. Results showed that a low vitamin D level
was associated with greater risk of cognitive impairment in older as
well as younger adults [65].

Epidemiologic studies of the effect of vitamin d

supplementation on depressive disorders

Although  vitamin  Ddeficiency = has  been  associated
with depressive symptoms, the role of vitamin D supplementation in
the management of depression is still controversial. Some results of
randomized controlled trials (RCTs) investigating the efficacy
of vitamin D in depression suggest a positive association; while
others show an unconvincing association.

Jorde et al. [66] performed a 1 y study comparing high doses of
25(0H) D3 with placebo in 441 overweight and obese subjects with
weight loss as the primary end-point. Participants were randomized
into one of three groups where vitamin D (20,000 IU cholecalciferol)
was given twice per week, once per week, or not at all (placebo) for
one year. All participants also received calcium supplementation
(500 mg daily). Subjects with serum 25(0H)Ds levels<40 n mol/]
scored significantly higher more depressive traits than those with
serum 25(0OH)Ds levels > 40 n mol/l on the Beck Depression
Inventory total (BDI) [6.0 (0-23) versus 4.5 (0-28) (median and
range)] and the BDI subscale 1-13 [2.0 (0-15) versus 1.0 (0-29.5)]
(P<0.05). In the two groups given vitamin D, but not in the placebo
group, there was a significant improvement in BDI scores after 1 y.
Limitations of the study were that only overweight and obese adults
were included, and only a single measure of depression was used,
while it is more effective to use more subtle measures like
Montgomery Asberg Depression Rating Scale and HADS which could
have yielded additional information.

In a more recent study conducted by Kjergaard et al [67],
participants with low 25(0H) D3 levels were randomized to either
placebo or 40 000 IU vitamin D3 per week for 6 mo. Individuals with
high serum 25(0OH) D3 levels were used as nested controls.
Depressive symptoms were evaluated with the BDI, Hospital Anxiety
and Depression Scale, Seasonal Pattern Assessment Scale and
Montgomery-Asberg Depression Rating Scale. Participants with low
25 (OH)Ds levels (n=230) at baseline were more depressed (P<0.05)
than participants with high 25(0OH)D3 levels (n=114). In the
intervention study, no significant effect of high-dose vitamin D was
found on depressive symptom scores when compared with placebo.

Vitamin D deficiency and depression frequently occur in patients
with chronic liver diseases (CLD).Overall, 111 patients with CLD
were included in a cross-sectional analysis. The serum 25-
hydroxyvitamin D [25(0OH) D] concentrations and depressive
symptoms were first established. Then, 77 patients with
inadequate vitamin D concentrations received 20,000 IU vitamin
Dper week for six months. Results indicated that vitamin
D replacement significantly improved depressive symptoms in
women with CLD [68].

A systemic review of more recent studies identified and extracted
data from randomized trials that compared the effect of vitamin D
supplementation on depressive symptoms to a control condition,
seven trials (3191 participants) were included. Subgroup analysis
showed that vitamin D supplementation for participants with
clinically significant depressive symptoms had a moderate,
statistically significant effect (2 studies: SMD,-0.60; 95% CI,-1.19 to-
0.01; p = 0.046), but a small and non-significant effect was observed
for those without clinically significant depression (5 studies: SMD,-
0.04; 95% C1,-0.20 to 0.12; p = 0.61) [69].
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In contrast, a systematic review done by Li et al. concluded that
there was insufficient evidence to support the efficacy of Vitamin D
supplementation in depression symptoms. Six RCTs were identified
with 1203 participants (72% females) including 71 depressed
patients; five of the studies involved adults at risk of depression, and
one trial used depressed patients. Results of the classical meta-
analysis showed no significant effect of Vitamin D supplementation
on post-intervention depression scores (standardized mean
difference =-0.14, 95% confidence interval =-0.41 to 0.13, P = 0.32;
odds ratio = 0.93, 95% confidence interval = 0.54 to 1.59, P = 0.79).
The quality of evidence was low. No significant differences were
demonstrated in the subgroup or sensitivity analyses. Similar results
were found when Bayesian meta-analyses were applied [70].

In another meta-analysis, vitamin D supplementation was used to
reduce depressive symptoms. Studies involved 4923 participants
aged 21 8 y who were diagnosed with depressive disorder. No
significant reduction in depression was seen after vitamin D
supplementation; however, most of the studies focused on
individuals with low levels ofdepressionand sufficient
serum vitamin D at baseline [71].

Probable vitamin d mechanism of action in depression

The genomic action of 1,25 (OH)2Ds is mediated by the VDR (Vitamin
D Receptor), which functions as a ligand-activated transcription
factor in the cells of target tissues [72, 73]. The VDR is present in
most tissues; especially bone, kidney and small intestine have high
levels of receptor compared to other tissues [72, 73]. Numerous
recent studies have identified VDR in neuronal and glial cells in the
central nervous system [74].Eyles et al [75] identified VDR in
multiple areas of the human brain, including the prefrontal cortex,
hippocampus, cingulate gyrus, thalamus, hypothalamus, and
substantia nigra; many of which have been implicated in the
pathophysiology of depression.

The enzymes necessary for the hydroxylation of 25hydroxyvitamin
D to the active form 1,25dihydroxyvitamin D are also present in the
hypothalamus, cerebellum, and substantia nigra [76]. Vitamin D
modulates the hypothalamic-pituitary-adrenal axis, regulating
adrenaline, noradrenaline, and dopamine production through VDRs
in the adrenal cortex [77]; and protects against the depletion of
dopamine and serotonin centrally [78]. Patrick et al. [79] proved
that calcitriol activates the transcription of the serotonin-
synthesizing gene tryptophan hydroxylase 2 (TPH2) in the brain and
represses the transcription of TPH1 in tissues outside the blood-
brain barrier. Therefore, vitamin D deficiency has been linked to an
increased incidence of depression [80]. Maintaining vitamin D
sufficiency in utero and during early life, to satisfy the vitamin D
receptor transcriptional activity in the brain, may be important for
brain development as well as for maintenance of mental function
later in life [75].

A role for cytokines in depression was first proposed by Smith
[81]in the form of the ‘macrophage theory of depression’ and
further studied. Building on the observation that patients with
severe clinical depression have increased blood concentrations of
inflammatory biomarkers, they proposed that depression is associated
with an acute-phase response. According to his theory, the pro-
inflammatory cytokines that are responsible for this acute-phase
reaction also cause various clinical aspects of depression, including
hyperactivity of the hypothalamus-pituitary-adrenal axis, disturbed
serotonin metabolism and near vegetative symptoms [82].

Vitamin D is now known to exert profound immune modulating
effects by increasing the levels of anti-inflammatory cytokines such
as IL-10, IL-4, IL-5 and transforming growth factor (TGF)-8, and by
decreasing pro-inflammatory cytokines IL-18, IL-2, IL-6, INF-y, TNF-
a and IL-12 [83, 84]. The net result of these effects is a shift from a
Th1 to a Th2 immunological phenotype, which is considered to be a
less pro-inflammatory state [85].

CONCLUSION

The effect of Vitamin D deficiency in depression demonstrated in most
meta-analysis is comparable with the effect of anti-depressant
medication. However, future research should be performed to
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determine the role of vitamin D supplementation and dosage needed.
At this time, modest sun exposure and vitamin D supplementation
may be cost-effective with rare adverse effects in preventing the
development of depression or attenuating the depressive symptoms.
These findings may have important clinical and public health.

CONFLICT OF INTERESTS
Declared none
REFERENCES

1. Brown A], Dusso A, Slatopolsky E. Vitamin D. Am ] Physiol
1999;277:157-75.

2. Holick MF. Photosynthesis of vitamin D in the skin: effect of
environmental and lifestyle variables. Fed Proc
1987;46:1876-82.

3. Belitz HD, Grosch W, Schieberle P. Food Chemistry. 4t ed.
Springer-Verlag Berlin: Heidelberg; 2009.

4. Holick MF. Vitamin D: a millennium perspective.] Cell
Biochem 2003;88:296-307.

5.  Norman AW. From vitamin D to hormone D: fundamentals of
the vitamin D endocrine system essential for good health. Am ]
Clin Nutr 2008;88:15-499S.

6. Holick MF, Tian XQ, Allen M. Evolutionary importance for the
membrane enhancement of the production of vitamin D3 in the
skin of poikilothermic animals. Proc Natl Acad Sci 1995;92:3124-6.

7. Holick MF, Garabedian M. Vitamin D: photobiology,
metabolism, mechanism of action, and clinical applications. 6th
ed. Favus M]. editor. Washington DC: American Society for
Bone and Mineral Research; 2006.

8.  Fraser DR. Regulation of the metabolism of vitamin D. Physiol
Rev 1980;60:551-613.

9. Dusso AS, Tokumoto M. Defective renal maintenance of the
vitamin D endocrine system impairs vitamin D renoprotection: a
downward spiral in kidney disease. Kidney Int 2011;79:715-29.

10. Holick MF. Vitamin D status: measurement, interpretation, and
clinical application. Ann Epidemiol 2009;19:73-8.

11. Holick MF. Resurrection of vitamin D deficiency and rickets. ]
Clin Invest 2006;116:2062-72.

12. Otten J], Hellwig JP, Meyers LD. Dietary reference intakes: The
essential guide to nutrient requirements. Washington, DC:
National Academies Press; 2006.

13. Wagner CL, Greer FR. The section on breastfeeding and committee
on nutrition. prevention of rickets and vitamin d deficiency in
infants, children, and adolescents. Pediatrics 2008;122:1142-52.

14. Thomas KK, Lloyd-Jones DM, Thadhani RI. Hypovitaminosis D
in medical inpatients. N Engl ] Med 1998;338:777-83.

15. Heaney RP, Dowell MS, Hale CA, Bendich A. Calcium absorption
varies within the reference range for serum 25-hydroxyvitamin
D.]J Am Coll Nutr 2003;22:142-6.

16. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ,
Vieth R. Estimates of optimal vitamin D status. Osteoporosis Int
2005;16:713-6.

17. Coburn JW, Brautbar N. Disease states in man related to vitamin
D. Norman AW. editor. New York: Marcel Dekker; 1980.

18. Haddad ]G, Chyu K]. Competitive protein-binding radio-assay
for 25-hydroxycholecalciferol. ] Clin Endocrinol Metab
1971;33:992.

19. Christiansen C, Christiansen MS, Melsen F, Rodbro P, DeLuca
HF. Mineral metabolism in chronic renal failure with special
reference to serum concentrations of 1,25(0H)2D and
24,25(0H)2D. Clin Nephrol 1981;15:18.

20. Brickman AS, Coburn JW, Norman AW, Massry SG. Short-term
effects of 1,25-dihydroxycholecalciferol on disordered calcium
metabolism of renal failure. Am ] Med 1974;57:28.

21. Lund B, Sorensen OH, Lund B, Bishop JE, Norman AW. Vitamin
D metabolism in hypoparathyroidism. ] Clin Endocrinol Metab
1980;51:606.

22. Lindeman RD, Tobin ], Shock NW. Longitudinal studies on the
rate of decline in renal function with age. ] Am Geriatr Soc
1985;33:278.

23. Ginde AA, Liu MC, Camargo CA. Demographic differences and
trends of vitamin D insufficiency in the US population, 1988-
2004. Arch Intern Med 2009;169:626-32.

20


http://www.ncbi.nlm.nih.gov/pubmed/?term=Patrick%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=24558199�

24.

25.

26.

27.

28.

29.

30.

31

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Harris S. Vitamin D and african
Nutr 2006;136:1126-9.

Wortsman ], Matsuoka LY, Chen TC, Lu Z, Holick MF. Decreased
bioavailability of vitamin D in obesity. Am ] Clin
Nutr 2000;72:690-3.

McGill AT, Stewart JM, Lithander FE, Strik CM, Poppitt SD.
Relationships of low serum vitamin D3 with anthropometry
and markers of the metabolic syndrome and diabetes in
overweight and obesity. Nutr ] 2008;7:4.

American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 4t Edition. American Psychiatric
Association, Washington DC. text revision; 2000.

Spijker ], De Graaf R, Bijl RV. Duration of major depressive
episodes in the general population: results from the
Netherlands mental health survey and incidence study
(NEMESIS). Br ] Psychiatry 2002;181:208-13.

Washington DC. Evidence report on the treatment of
depression: Newer Pharmacotherapies. San Antonio Evidence-
Based Practice Centre. Transplant Proc; 1999. p. 99-E014.
Kupfer DJ. Long-term treatment of depression. ] Clin Psychiatry
1991;52:28-34.

World Health Organization. Depression; 2008.

Agency for Health Care Policy and Research. Depression
Guideline Panel. Depression in Primary Care: Vol. 1. Detection
and Diagnosis. Clinical Practice Guideline, Number 5. Rockville,
Maryland: U. S Department of Health and Human Services;
1993. p. 93-0550.

Judd LL. The clinical course of unipolar major depressive
disorders. Arch Gen Psychiatry 1997;4:989-91.

World Health Organization. The Global Burden of Disease;
2008. Available from: http://www.who.int/ health info/
global_burden_disease/GBD_report_2004update_full.pdf. [Last
accessed 16 Jun 2012].

Rahman A, Patel V, Maselko ], Kirkwood B. The neglected ‘m’ in
MCH programs-why mental health of mothers is important for
child nutrition. Trop Med Int Health 2008;13:579-83.

Flint ], Muafo MR. The endophenotype concept in psychiatric
genetics. Psychol Med 2007;37:163-80.

Caspi A, Sugden K, Moffitt TE, Taylor A, Craig IW, Harington H,
et al. Influence of life stress on depression: moderation by a
polymorphism in the 5-HTT gene. Science 2003;301:386-9.
Patten SB, Wang JL, Williams JVA, Currie SR, Beck CA, Maxwell
CJ, et al. Descriptive epidemiology of major depression in
Canada. Can ] Psychiatry 2005;51:84-90.

Offord DR, Boyle MH, Campbell D, Goering P, Lin E, Wong M, et
al. One-year prevalence of psychiatric disorder in Ontarians 15
to 64 y of age. Can ] Psychiatry 1996;41:559-63.

Kendler KS, Karkowski LM, Prescott CA. Causal relationship
between stressful life events and the onset of major
depression. Am ] Psychiatry 1999;156:837-41.

Willis-Owen SA, Turri MG, Munafu MR, Surtees PG, Wainwright
NW], Brixey RD. The serotonin transporter length
polymorphism, neuroticism, and depression: a comprehensive
assessment of association. Biol Psychiatry 2005;58:451-6.
Whooley MA, de Jonge P, Vittinghoff E, Otte C, Moos R, Carney
RM, et al. Depressive symptoms, health behaviors, and risk of
cardiovascular events in patients with coronary heart disease.
JAMA 2008;300:2379-88.

Hackett ML, Anderson CS, House A, Xia J. Interventions for
treating depression after stroke. Cochrane Database of
Systematic Reviews 2008;8: CD003437. doi: 10.1002/
14651858.CD003437.pub3. [Article in Press]

Starkstein SE, Mizrahi R, Power BD. Antidepressant therapy in
post-stroke depression. Expert Opin Pharmacother 2008;9:1291.
Grundy SM, Cleeman ]I, Daniels SR, Donato KA, Eckel RH,
Franklin BA, et al. Diagnosis and management of the metabolic
syndrome. an American heart association/national heart, lung,
and blood institute scientific statement. executive summary.
Circulation 2005;112:2735-52.

Jensen MD, Ryan DH, Apovian CM, Ard JD, Comuzzie AG, Donato
KA. AHA/ACC/TOS guideline for the management of
overweight and obesity in adults: A report of the American
college of Cardiology/American heart association task force on
practice guidelines and the obesity society. Obesity 21; 2013.

americans. Acad ]

Zam

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Int ] Pharm Pharm Sci, Vol 8, Issue 1, 16-22

Barkley R. Attention-deficit hyperactivity disorder: A
Handbook for Diagnosis and Treatment. 3rd ed. New York:
Guilford Press; 2006.

American Society of Addiction Medicine. Public policy
statement: Definition of addiction; 2011. Available from:
http://www.asam.org/docs/publicypolicy
statements/1definition_of_addiction_long_4-11.pdf.
accessed on 15 Aug 2011].

Bent S. Herbal medicine in the United States: review and efficacy,
safety, and regulation. ] Gen Intern Med 2008;23:854-9.
Kennedy SH, Lam RW. Clinical guidelines for the treatment of
depressive disorders. Can ] Psychiatry 2001;46:1S-92S.

Gloth FM, Alam W, Hollis B. Vitamin D vs broad spectrum
phototherapy in the treatment of seasonal affective disorder. ]
Nutr Health Aging 1999;3:5-7.

Lam RW, Levitt A], Levitan RD, Enns MW, Morehouse R,
Michalak EE, et al. The Can-SAD study: a randomized controlled
trial of the effectiveness of light therapy and fluoxetine in
patients with winter seasonal affective disorder. Am ]
Psychiatry 2006;163:805-12.

Even C, Schroder CM, Friedman S, Rouillon F. Efficacy of light
therapy in nonseasonal depression: a systematic review.
] Affective Disord 2008;108:11-23.

Leppamaki S, Partonen T, Hurme ], Haukka ], Lonnqvist J.
Randomized trial of the efficacy of bright-light exposure and
aerobic exercise on depressive symptoms and serum lipids. ]
Clin Psychiatry 2002;63:316-21.

Partonen T, Vakkuri O, Lamberg-Allardt C, Lonnqvist J. Effects
of bright light on sleepiness, melatonin, and 25-hydroxyvitamin
D3in winter seasonal affective disorder. Biol
Psychiatry 1996;39:865-72.

Wilkins CH, Sheline YI, Roe CM, Birge SJ, Morris JC. Vitamin D
deficiency is associated with low mood and worse cognitive
performance in older adults. Am ] Geriatric
Psychiatry 2006;14:1032-40.

Song BM,Kim HC, Rhee Y,Youm Y,Kim CO. Association
between serum 25-hydroxyvitamin D concentrations and
depressive symptoms in an older Korean population: a cross-
sectional study. ] Affective Disord 2015;189:357-64.

Jorde R, Waterloo K, Saleh F, Haug E, Svartberg J.
Neuropsychological function in relation to serum parathyroid
hormone and serum 25-hydroxvitamin D levels: the tromso
study. ] Neurol 2006;253:464.

Armstrong D], Meenagh GK, Bickle I, Lee ASH, Curran ES, Finch
MB. Vitamin D deficiency is associated with anxiety and
depression in fibromyalgia. Clin Rheumatol 2007;26:551-4.
Moran L], Teede HJ, Vincent A]. Vitamin D is independently
associated with depressionin overweight women with and
without PCOS. Gynecol Endocrinol 2014;4:1-4.

Ozkayar N, Altun B, Ulusoy S, Yildirim T, Halil M, Yilmaz R, et al.
Relationship between vitamin D levels
and depressive symptoms in renal transplant recipients. Int |
Psychiatry Med 2014;47:141-51.

Huang JY, Arnold D, Qiu CF, Miller RS, Williams
MA, Enquobahrie DA. Association of serum vitamin D with
symptoms of depression and anxiety in early pregnancy. Int]
Women's Health 2014;23:588-95.

Gur EB, Gokduman A, Turan GA, Tatar S, Hepyilmaz I, Zengin
EB, et al Mid-pregnancy vitamin D levels and
postpartum depression. Eur ] Obstet Gynecol Reprod
Biol 2014;179:110-6.

Maddock J1,Berry DJ, Geoffroy MC, Power C, Hypponen E.
Vitamin D and common mental disorders in mid-life: cross-
sectional and prospective findings. Clin Nutr 2013;32:758-64.
Darwish H, Zeinoun P, Ghusn H, Khoury B, Tamim H, Khoury S]J.
Serum 25-hydroxyvitamin D predicts cognitive performance in
adults. Neuropsychiatr Dis Treat 2015;11:2217-23.

Jorde R, Sneve M, Figenschau Y, Svartberg ], Waterloo K. Effects
of vitamin D supplementation on symptoms of depression in
overweight and obese subjects: Randomized double-blind
trial. ] Intern Med 2008;264:599-609.

Kjeergaard M, Waterloo K,Wang CE, Almds B, Figenschau
Y, Hutchinson MS, et al Effect ofvitamin D supplement
on depression scores in people with low levels of serum 25-

[Last

21


http://www.ncbi.nlm.nih.gov/pubmed/?term=Gloth%20FM%203rd%5BAuthor%5D&cauthor=true&cauthor_uid=10888476�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alam%20W%5BAuthor%5D&cauthor=true&cauthor_uid=10888476�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hollis%20B%5BAuthor%5D&cauthor=true&cauthor_uid=10888476�
http://www.ncbi.nlm.nih.gov/pubmed/10888476�
http://www.ncbi.nlm.nih.gov/pubmed/10888476�
http://www.ncbi.nlm.nih.gov/pubmed/10888476�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20BM%5BAuthor%5D&cauthor=true&cauthor_uid=26476420�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=26476420�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Rhee%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26476420�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Youm%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=26476420�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20CO%5BAuthor%5D&cauthor=true&cauthor_uid=26476420�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Moran%20LJ%5BAuthor%5D&cauthor=true&cauthor_uid=25366261�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Teede%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=25366261�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Vincent%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=25366261�
http://www.ncbi.nlm.nih.gov/pubmed/25366261�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ozkayar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Altun%20B%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ulusoy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yildirim%20T%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Halil%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yilmaz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25084800�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arnold%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Qiu%20CF%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20RS%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Williams%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Enquobahrie%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=24918744�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gur%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gokduman%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Turan%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tatar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hepyilmaz%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zengin%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zengin%20EB%5BAuthor%5D&cauthor=true&cauthor_uid=24965990�
http://www.ncbi.nlm.nih.gov/pubmed/24965990�
http://www.ncbi.nlm.nih.gov/pubmed/24965990�
http://www.ncbi.nlm.nih.gov/pubmed/24965990�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maddock%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23395104�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Berry%20DJ%5BAuthor%5D&cauthor=true&cauthor_uid=23395104�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Geoffroy%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23395104�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Power%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23395104�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hypp%C3%B6nen%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23395104�
http://www.ncbi.nlm.nih.gov/pubmed/23395104�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Darwish%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zeinoun%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ghusn%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khoury%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tamim%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Khoury%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=26346368�
http://www.ncbi.nlm.nih.gov/pubmed/26346368�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kj%C3%A6rgaard%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Waterloo%20K%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20CE%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Alm%C3%A5s%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figenschau%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figenschau%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Figenschau%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hutchinson%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22790678�

68.

69.

70.

71.

72.

73.

74.

75.

hydroxyvitamin D: nested case-control study and randomized
clinical trial. Br ] Psychiatry 2012;201:360-8.

Stokes  CS, Griinhage F,Baus C, Volmer DA, Wagenpfeil
S, Riemenschneider M, et al. Vitamin D supplementation
reduces depressive symptoms in patients with chronic liver
disease. Clin Nutr 2015;15:178-8.

Shaffer JA, Edmondson D,Wasson LT, Falzon L, Homma
K, Ezeokoli N, et al. Vitamin D supplementation for depressive
symptoms: a systematic review and meta-analysis of
randomized controlled trials. Psychosom Med 2014;76:190-6.
Li G, Mbuagbaw L, Samaan Z, Falavigna M, Zhang S, Adachi JD, et
al,, Efficacy of vitamin D supplementation in depression in adults:
a systematic review. ] Clin Endocrinol Metab 2014;99:757-67.
Gowda U, Mutowo MP, Smith BJ, Wluka AE, Renzaho AM. Vitamin
D supplementation to reduce depression in adults: a meta-analysis
of randomized controlled trials. Nutrition 2015;31:421-9.

Krishnan AV, Feldman D. Activation of protein kinase-C inhibits

vitamin D receptor gene expression. Mol Endocrinol
1991;5:605-12.

Krishnan AV, Feldman D. Cyclic adenosine 3°5'-
monophosphate up-regulates 1,25-dihydroxyvitamin D3

receptor gene expression and enhances hormone action. Mol
Endocrinol 1992;6:198-206.

Garcion E, Wion-Barbot N, Montero-Menei CN, Berger F, Wion
D. New clues about vitamin D functions in the nervous
system. Trends Endocrinol Metab 2002;13:100-5.

Eyles DW, Smith S, Kinobe R, Hewison M, McGrath JJ.
Distribution of the vitamin D receptor and lalpha-hydroxylase
in human brain. ] Chem Neuroanat 2005;29:21-30.

Zam

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Int ] Pharm Pharm Sci, Vol 8, Issue 1, 16-22

Obradovic D, Gronemeyer H, Lutz B, Rein T. Cross-talk of
Vitamin D and glucocorticoids in hippocampal cells.]
Neurochem 2006;96:500-9.

Puchacz E, Stumpf W, Stachowiak EK, Stachowiak MK. Vitamin
D increases expression of the tyrosine hydroxylase gene in
adrenal medullary cells. Mol Brain Res 1996;36:193-6.

Cass WA, Smith MP, Peters LE. Calcitriol protects against the
dopamine and serotonin-depleting effects of neurotoxic doses
of methamphetamine. Ann N Y Acad Sci 2006;1074:261-71.
Patrick RP, Ames BN. Vitamin D hormone regulates serotonin
synthesis. Part 1: relevance for autism. FASEB ] 2014;28:2398-413.
Gloth FM, Alam W, Hollis B. Vitamin D vs. broad spectrum
phototherapy in the treatment of seasonal effective disorder. ]
Nutr Health Aging 1999;3:5-7.

Smith RS. The macrophage theory of depression. Med
Hypotheses 1991;35:298-306.

Maes M, Smith R, Scharpe S. The monocyte-T-lymphocyte
hypothesis of major depression. Psychoneuroendocrinology
1995;20:111-6.

Baeke F, Takiishi T, Korf H, Gysemans C, Mathieu C. Vitamin D:
modulator of the immune system. Curr Opin Pharmacol
2010;10:482-96.

Zhang Y, Leung DY, Richers BN, Liu Y, Remigio LK, Riches DW.
Vitamin D inhibits monocyte/macrophage pro-inflammatory
cytokine production by targeting MAPK phosphatase-1. ]
Immunol 2012;188:2127-35.

Borges MC, Martini LA, Rogero MM. Current perspectives on
vitamin D, immune system, and chronic diseases. Nutrition
2011;27:399-40.

22


http://www.ncbi.nlm.nih.gov/pubmed/22790678�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stokes%20CS%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gr%C3%BCnhage%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Baus%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Volmer%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagenpfeil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagenpfeil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wagenpfeil%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Riemenschneider%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lammert%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26212170�
http://www.ncbi.nlm.nih.gov/pubmed/26212170�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Shaffer%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Edmondson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wasson%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Falzon%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Homma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Homma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Homma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ezeokoli%20N%5BAuthor%5D&cauthor=true&cauthor_uid=24632894�
http://www.ncbi.nlm.nih.gov/pubmed/24632894�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mbuagbaw%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Samaan%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Falavigna%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Adachi%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=24423304�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gowda%20U%5BAuthor%5D&cauthor=true&cauthor_uid=25701329�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mutowo%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=25701329�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Smith%20BJ%5BAuthor%5D&cauthor=true&cauthor_uid=25701329�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wluka%20AE%5BAuthor%5D&cauthor=true&cauthor_uid=25701329�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Renzaho%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=25701329�
http://www.ncbi.nlm.nih.gov/pubmed/25701329�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Patrick%20RP%5BAuthor%5D&cauthor=true&cauthor_uid=24558199�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ames%20BN%5BAuthor%5D&cauthor=true&cauthor_uid=24558199�
http://www.ncbi.nlm.nih.gov/pubmed/24558199�
https://www.researchgate.net/publication/290452453

