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ABSTRACT
'HSUHVVLRQLVWKHPRVWFRPPRQRIDOOPRRGGLVRUGHUV,WKDVDQHXURELRORJLFDOEDVLV5HFHQWO\YLWDPLQ'GH¿FLHQF\
has been proposed as one of the contributors to the etiology of depression. Evidence has been favoring vitamin D
GH¿FLHQF\DVDFDXVDWLYHUHDVRQIRUGHSUHVVLRQ/LPLWDWLRQVLQWKHVWXGLHVWKDWKDYHEHHQGRQHVRIDUZDUUDQWIXUWKHU
UHVHDUFK GH¿QLQJ WKH UROH RI YLWDPLQ ' GH¿FLHQF\ LQ GHSUHVVLRQ 0DQDJHPHQW RI GHSUHVVLRQ LQ YLWDPLQ ' GH¿FLHQF\
consists of supplementation of the vitamin and antidepressants. Careful consideration should be done while choosing
antidepressants as some of the antidepressants have been found to be associated with osteoporosis.
.H\ZRUGV$QWLGHSUHVVDQWV'HSUHVVLRQ6XSSOHPHQWDWLRQ9LWDPLQ'GH¿FLHQF\
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nipolar depression is the most commonly
reported mood disorder. It may manifest as a single episode or as recurrent episodes. It presents with
depressed mood, loss of interest or pleasure, decreased
energy, feelings of guilt or low self-worth, disturbed
sleep or appetite, and poor concentration. Depression
has a high lifetime prevalence ranging from 2%
to 15% and is associated with substantial disability.[1] Depression affects an estimated 350 million people today. The World Mental Health Survey conducted
in 17 countries found that on average about 1 in 20
people reported having an episode of depression in the
previous year. At its worst, depression can lead to suicide. Almost 1 million people commit suicide yearly
which translates to 3000 suicide deaths every day. For
every person who completes a suicide, 20 or more may
attempt to end his or her life.[2]
9LWDPLQ ' GH¿FLHQF\ LV GH¿QHG DV D VHUXP
K\GUR[\YLWDPLQ '  2+ '  OHYHO RI  QJP/
 QPRO/  DQG LQVXI¿FLHQF\ LV GH¿QHG DV D VHUXP
 2+ 'OHYHORIQJP/ QPRO/ 7RGD\
YLWDPLQ ' GH¿FLHQF\ LV VWLOO D QXWULWLRQDO GH¿FLHQF\
which is under-diagnosed and under-treated despite
being of pandemic proportions.[3] Studies across

,QGLD KDYH UHSRUWHG YLWDPLQ ' GH¿FLHQF\ DV KLJK DV
70-100% of apparently healthy individuals. Even
apparently well young soldiers and sportswomen with
adequate intake (AI) of calcium, sun exposure, and
UHJXODUH[HUFLVHZHUHYLWDPLQ'GH¿FLHQW[4-6]
1(852%,2/2*<2)'(35(66,21
Psychological and biological factors both could enter
into the causation of depressive and other mental disorders. Adolf Meyer coined the term psychobiology
to emphasize this. Over the years, many theories have
been proposed to emphasize the biological basis of
depression.
Norepinephrine-containing neurons are involved
in many functions that are profoundly disturbed in
melancholia such as mood, arousal, appetite, reward,
and drives. A formal hypothesis connecting depleWLRQ RU LPEDODQFH RI ELRJHQLF DPLQHV VSHFL¿FDOO\
norepinephrine) and clinical depression has been proposed.[7,8] A serotonin counterpart of this model has
also been proposed. Both catecholamine and indoleamine hypotheses were essentially based on two sets
of pharmacological observations. First, reserpine precipitates clinical depression in some patients. Second,
antidepressant medications, which alleviate clinical
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depression, raise the functional capacity of the biogenic amines in the brain.[9,10] Furthermore, a permisVLYHELRJHQLFDPLQHK\SRWKHVLVLQZKLFKVHURWRQLQGH¿cits permit the expression of catecholamine-mediated
depressive, or manic states have also been explained.[11]
It has been hypothesized that neurotransmitWHU GH¿FLWV PD\ XQGHUOLH WKH GLVLQKLELWLRQ RI WKH
hypothalamic–pituitary–adrenal axis, characterized by
steroidal overproduction in depression. Impaired glucocorticoid and mineralocorticoid receptor function
have been shown in these disorders.[12]
Coppen collected data that appear to be compatible
with the hypothesized movement of excess sodium
into the neuron during an episode of mood disorder
and redistribution toward the pre-illness electrolyte
balance across the neuronal membrane during recovery. Intraneuronal sodium leakage is postulated in both
depressive and manic disorders but is regarded to be
more extreme in mania.[9]/LWKLXPLVNQRZQWRUHSODFH
intracellular sodium and hyperpolarize the neuronal
membrane, thereby decreasing neuronal excitability.
*RRGZLQ DQG -DPLVRQ ¿UVW VKRZHG WKDW D VXEVWDQWLDO
minority of depressed patients with a bipolar substrate
respond to lithium salts, which further supports the
concept of a neurophysiological common denominator
to mania and depression.[13]
European studies have shown that depressed
patients are phase advanced in many biological
UK\WKPV LQFOXGLQJ WKH ODWHQF\ WR WKH ¿UVW UDSLG H\H
movement (REM) in sleep. Shortened REM latency
has been proposed as another laboratory “test” for
depressive disorder.[14]
Yet another hypothesis states that the electrophysiological substrates could be so kindled that an oligoepisodic disorder initially triggered by environmental
stressors could assume an autonomous and polyepisodic course. It was hypothesized that neuronal perturbations in the early course of mood disorders get
incorporated into the DNA.[15]
9,7$0,1'1(8523+<6,2/2*<$1'
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9LWDPLQ'LVDXQLTXHQHXURVWHURLG,WVGH¿FLHQF\FDQ
lead to depression by various mechanisms (Table 1).
However, all evidence are not in favor of vitamin D
GH¿FLHQF\ FDXVLQJ GHSUHVVLRQ DQG WKH PDWWHU LV IDU
from settled (Table 2).
9DULRXVEUDLQSURFHVVHVVXFKDVQHXURLPPXQRPRGulation, regulation of neurotrophic factors, neuroprotection, neuroplasticity, and brain development involve
vitamin D.[16] Those areas of the brain such as the
 

cingulate cortex and hippocampus which have been
implicated in the pathophysiology of depression have
been shown to have receptors for vitamin D.[17]
Furthermore, vitamin D regulates the expression of
important neurotrophic factors that affect neurotransmission and synaptic plasticity.[18] Moreover, vitamin D has been shown to be neuroprotective, notably
by inducing the synthesis of calcium-binding proteins or by antioxidant mechanisms.[18,19] 9LWDPLQ '
receptor gene polymorphisms in humans have been
associated with cognitive impairment and depressive
symptoms.[20] Finally, the immunomodulatory activity
of vitamin D has been related to recent evidence that
LQÀDPPDWLRQ PD\ SOD\ D FDXVDO UROH LQ GHSUHVVLRQ
9LWDPLQ ' KDV EHHQ VKRZQ WR GRZQUHJXODWH LQÀDPmatory mediators, such as nuclear factor-B, which
have been linked to sickness behavior, psychosocial
stress, and depression.[18,21]
/,0,7$7,2162)7+(678',(6

/LPLWDWLRQVRIPHWDDQDO\VLV
a. In the only meta-analysis mentioned in this review
as at the time of review, there was no randomized
controlled trial (RCT) of vitamin D for depression.
The review was therefore restricted to observational studies, which usually yield lower-quality
evidence than RCTs
b. The majority of the cross-sectional studies and
FRKRUWVWXGLHVLQWKHPHWDDQDO\VHVKDGVLJQL¿FDQW
heterogeneity and lacked precision.

/LPLWDWLRQVRIRWKHUVWXGLHV
D 6WXGLHVXVHGYDULDEOHGH¿QLWLRQVRIYLWDPLQ'GH¿ciency, and therefore, the analysis was performed
using the lowest versus highest vitamin D categories and different cut-off points rather than adherLQJWRDVWULFWGH¿QLWLRQRIGH¿FLHQF\
b. The depressive symptoms were evaluated based on
self-reports (not clinically diagnosed depression)
and thus were subject to recall bias
c. The sample was relatively homogeneous in terms
of race and ethnicity, potentially limiting the genHUDOL]DELOLW\RUH[WHUQDOYDOLGLW\RIWKH¿QGLQJV
d. Some studies used only rating scale to assess the
severe of the symptoms without making a prior
diagnosis of clinical depression
e. The cross-sectional designs of some studies cannot
determine a causal association between vitamin D
levels and depressive symptoms
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7DEOH(YLGHQFHLQIDYRURIYLWDPLQ'GH¿FLHQF\FDXVLQJGHSUHVVLRQ
$XWKRUV
Anglin et al.,
2013[22]
Kjaergaard
et al., 2012[23]

7\SHRIVWXGLHVLQFOXGHG
Meta-analysis

1XPEHURISDWLHQWV
31,424 participants

Nested case-control
study and RCT

9LHWKet al.,
2004[24]
/DQVGRZQHDQG
Provost, 1998[25]
Gloth et al.,
1991[26]

Double-blind RCT

357 participants in
nested case-control
study and 243 in RCT
110 participants

Tolppanen
et al., 2012[27]

Prospective cohort study

Bertone-Johnson
et al., 2011[28]

Observational study

81,189 women
aged 50-79 years

Milaneschi
et al., 2010[29]

Population-based
cohort study

531 women and
423 men aged
65 year and older

Hoogendijk et al.,
2008[30]

Population-based
cohort study

1182 community
residents aged
65 to 95 years

Jorde et al.,
2008[31]

Cross-sectional study and
randomized double-blind
controlled trial

441 subjects
(body mass index
28-47 kg/m2, 159 men
and 282 women,
aged 21-70 years)

Hoang et al.,
2011[32]

Cross-sectional study

12,594 participants

Randomized
double-blind study
Prospective, RCT

44 healthy subjects
15 subjects with
SAD. Eight received
100,000 I.U. of
vitamin D and 7
received phototherapy
2752 children

&RQFOXVLRQ
Increased odds ratio of depression for the lowest
versus highest vitamin D categories
Participants with low 25(OH)D levels at
baseline were more depressed (P<0.05) than
participants with high 25(OH)D levels
Improved wellbeing (reduced depression) in
patients with vitamin D supplementation
9LWDPLQ'VLJQL¿FDQWO\HQKDQFHGSRVLWLYHDIIHFWDQG
there was some evidence of a reduction in negative affect
9LWDPLQ'VWDWXVLPSURYHGLQERWKJURXSV YLWDPLQ'
group, P<0.005 and 36% phototherapy group, P<0.01).
,PSURYHPHQWLQ 2+ 'ZDVVLJQL¿FDQWO\DVVRFLDWHGZLWK
improvement in depression scale scores (r2=0.26; P=0.05)
Higher concentrations of 25(OH) D3 assessed
at mean age 9.8 years were associated with
lower levels of depressive symptoms at age
13.8 years (adjusted RR: 0.90; 95% CI: 0.86-0.95)
:RPHQZKRUHSRUWHGDWRWDOLQWDNHRI,8YLWDPLQ'
had a prevalence odds ratio for depressive symptoms
of 0.79 (95% CI: 0.71-0.89; P trend <0.001) compared
with women who reported a total intake of <100 IU
Women (hazard ratio: 2.0; 95% CI: 1.2-3.2; P=0.005)
and men (hazard ratio: 1.6; 95% CI: 0.9-2.8;
P=0.1) with low vitamin D had higher risk of
developing depressive mood over the follow-up
/HYHOVRI 2+ 'ZHUHORZHULQSHUVRQV
with minor depression and 14% lower in 26 persons
with major depressive disorder compared with
levels in 1087 control individuals (P<0.001)
6XEMHFWVZLWKVHUXP 2+ 'OHYHOVQPRO/
VFRUHGVLJQL¿FDQWO\KLJKHUWKDQWKRVHZLWKVHUXP
 2+ 'OHYHOVQPRO/RQWKHEHFNGHSUHVVLRQ
inventory. In the two groups given vitamin D, but
QRWLQWKHSODFHERJURXSWKHUHZDVDVLJQL¿FDQW
improvement in BDI scores after 1 year
Higher vitamin D levels were associated with a
VLJQL¿FDQWO\GHFUHDVHGULVN RGGVUDWLR
CI: 0.87-0.97) of current depression based on CES-D scores

Zd͗ZĂŶĚŽŵŝǌĞĚĐŽŶƚƌŽůůĞĚƚƌŝĂů͕^͗^ĞĂƐŽŶĂůĂīĞĐƟǀĞĚŝƐŽƌĚĞƌ͕/͗ŽŶĮĚĞŶĐĞŝŶƚĞƌǀĂů͕ZZ͗ZŝƐŬƌĂƟŽ͕/͗ĞĐŬĞƉƌĞƐƐŝŽŶ/ŶǀĞŶƚŽƌǇ͕^Ͳ͗ĞŶƚĞƌĨŽƌ
ƉŝĚĞŵŝŽůŽŐŝĐ^ƚƵĚŝĞƐĞƉƌĞƐƐŝŽŶ͕Ϯϱ;K,Ϳ͗ϮϱͲŚǇĚƌŽǆǇǀŝƚĂŵŝŶ

7DEOH(YLGHQFHQRWLQIDYRURIYLWDPLQ'GH¿FLHQF\FDXVLQJGHSUHVVLRQ
$XWKRUV
Sanders et al.,
2011[33]
Bertone-Johnson
et al., 2012[34]

7\SHRIVWXGLHVLQFOXGHG
RCT

Dumville et al.,
2006[35]
Nanri et al.,
2009[36]

Double blind RCT

2117 women

Health survey

527 workers

RCT

1XPEHURISDWLHQWV
102 participants
36, 282
postmenopausal
women

&RQFOXVLRQ
1RVLJQL¿FDQWGLIIHUHQFHVEHWZHHQWKH
vitamin D and placebo groups
After 2 years, women randomized to receive vitamin D
and calcium had an odds ratio for experiencing depressive
symptoms of 1.16 (95% CI: 0.86-1.56) compared with
ZRPHQLQWKHSODFHERJURXS7KH¿QGLQJVGRQRWVXSSRUW
a relation between supplementation of vitamin D3
along with calcium and depression in older women
1RVLJQL¿FDQWGLIIHUHQFHEHWZHHQWKHVFRUHV
of control and intervention group
Depressive symptoms were not appreciably associated
with serum 25(OH)D concentrations
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f.

Some of the studies had sample sizes that were not
VXI¿FLHQWO\ ODUJH WR GHWHFW D PRGHVW DVVRFLDWLRQ
ZLWKVWDWLVWLFDOVLJQL¿FDQFH
g. All the cohort studies had problems with bias
h. Some other studies had substantial attrition over
time with those who continued to attend the follow-up clinics being more likely to be from higher
socioeconomic backgrounds
i. Some studies had a very short time frame to investigate depression, which is a condition that may
develop slowly and last for several years, and that
RQO\ RQH DVVHVVPHQW PLJKW QRW EH VXI¿FLHQW VLQFH
GHSUHVVLRQRIWHQÀXFWXDWHVRYHUWLPH
j. One of the studies was performed in a general
population where people with high scores on the
depression scales were excluded from the intervention, and accordingly, the majority of the participants had no or only mild depressive sympWRPV7KLVFRXOGKDYHLQÀXHQFHGWKHUHVXOWVVLQFH
participants, who are not ill, are more likely to
respond to placebo, as seen in our post-hoc analyses, and not to active therapy.
0$1$*(0(172)9,7$0,1''(),&,(1&<

3UHYHQWLRQRIYLWDPLQ'GH¿FLHQF\
The Institute of Medicine has recommended AI
as current daily intake of 200 IU for infants, children,
and adults younger than 51 years; 400 IU for adults
51-70 years of age; and 600 IU for adults older than
70 years.[37-39] However, based on recent research suggestions that current AI recommendations for children
and adults may be too low to maintain optimal levels
DERYHQJP/ WKH$PHULFDQ$FDGHP\RI3HGLDWULFV
recently recommended doubling the minimum daily
intake for children and adolescents to 400 IU.

5HSOHQLVKPHQWRIYLWDPLQ'GH¿FLHQF\
Oral ergocalciferol at 50,000 IU/week for 8 weeks
LV HFRQRPLFDO ZD\ WR UHSOHQLVK YLWDPLQ ' LQ GH¿cient individuals. The goal is to achieve a minimum
level of 30 ng/ml. If serum 25(OH)D levels have not
reached or exceeded the minimum level after this,
a second 8-week course of ergocalciferol should be
prescribed. If the serum 25(OH)D levels still have
not risen malabsorption should be suspected and consultation with a gastroenterologist should be considered. After vitamin D levels are replete, maintenance dosages of cholecalciferol should be instituted
at 800-1000 IU/day from dietary and supplemental
sources.[40-42]
 

7UHDWPHQWRIGHSUHVVLRQ
Antidepressant drugs acting on the serotonin system have been linked to reduce the bone mineral density and lead to osteoporosis. Serotonin receptors have
been found on all major types of bone cells indicating
an important role of the neuroendocrine system in bone.
The presence of depression itself increases fracture risk,
in relation with decreased bone mineral density (BMD)
and an increase in falls. The majority of depressed
patients receive antidepressants, mostly selective serotonin reuptake inhibitors (SSRIs) and some of them
receive tricyclic agents. These have been associated
with decreased BMD and increased fracture risk. This
risk is reported to be greatest in the early stages of treatment with a peak within 1 month of initiation for tricyclics and 8 months for SSRIs. It has therefore been suggested that SSRIs and tricyclics should be considered
as risk factors for osteoporotic fractures.[43] These risks
associated with antidepressants should be kept in mind
while prescribing antidepressants to depressed subjects
ZLWKYLWDPLQ'GH¿FLHQWLQGLYLGXDOV
&21&/86,21
Depression is the most common mood disorder.
5HFHQW ¿QGLQJV HPSKDVL]H WKH QHXURELRORJLFDO
EDVLV IRU WKLV SV\FKLDWULF LOOQHVV 9LWDPLQ ' KDV EHHQ
shown to have receptors on the parts of brain which
regulate emotions. Therefore, recent reports of vitaPLQ ' GH¿FLHQF\ EHLQJ DVVRFLDWHG ZLWK GHSUHVVLRQ
are likely to have a neurobiological basis. Although
some studies have refuted this hypothesis, most studies have provided evidence implicating a possible
UROHRIYLWDPLQ'GH¿FLHQF\LQDWOHDVWVRPHFDVHVRI
GHSUHVVLRQ 0DQDJLQJ YLWDPLQ ' GH¿FLHQF\ DORQJ
with depression in these cases is of paramount importance as it seems to be etiologically associated in some
cases. The choice of antidepressants in these cases
should be carefully considered as some them have
been implicated in osteoporosis.
5()(5(1&(6
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