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Besides its classical function of bone metabolism regulation, vita-
min D exhibits multiple nonskeletal effects, including in the brain.!
In particular, relationships between vitamin D status and mood have
been repeatedly examined in the last decade. The findings enable
causal reasoning and offer new therapeutic perspectives.>"1°

Observational Epidemiology

Hypovitaminosis D, which affects more than 1 billion people
worldwide,! has recently received a structured critical evaluation
as a biological component related to depression.? That meta-
analysis, which pooled for the first time all previous epidemiologic
data, found a positive association between hypovitaminosis D and
depression (odds ratio=1.31; 95% CI, 1.00-1.71).2 However, this
association may lead to the premature and possibly incorrect con-
clusion that hypovitaminosis D precipitates depression. It is also
fully conceivable that hypovitaminosis D results from depression,
due to apathy and anorexia, with subsequent reductions in sun
exposure and consumption of vitamin D-rich food.?

Using the studies retrieved by Anglin et al? for their systematic
review, we performed a new random-effects meta-analysis (Review
Manager v5.1; Copenhagen, Denmark) of the bias-corrected effect
size of the difference between serum 25-hydroxyvitamin D (25[OH]
D) concentrations in depressed cases and nondepressed controls
(using Coe’s effect size calculator). The summary random effect
size of 0.65 (95% CI, 0.23-1.07) indicated that 25(OH)D concen-
trations were overall 0.65 standard deviation lower in depressed
cases compared to nondepressed controls (Figure 1). If we use the
“common language effect size” approach,!® the probability is about
65% that an individual without depression would have a higher
serum 25(OH)D concentration than an individual with depression
if both individuals were chosen at random. Interestingly, although
using the same data as Anglin et al,” this subtly different presen-
tation of results encourages the reader to consider the possibility
that depression precipitates hypovitaminosis D. The association of
hypovitaminosis D with depression should thus be read in light of
the research methodology used. Taking methodology into account
is especially important in that depression is a very common disease
for which false expectations based on misinterpretation of research
results would be regrettable.

We previously suggested that the link between vitamin D levels
and mood may not be as direct as initially proposed, because it may
have been overestimated in older individuals due to the fact that
both depression and hypovitaminosis D are very prevalent in this
population.® In addition, the association between hypovitaminosis
D and depression could also result from a confounding bias related
to the inadequate consideration of covariables. For illustration,
the relationship between vitamin D and mood may be indirectly
explained by a common factor influencing both variables. Specifi-
cally, it is well known that exposure to sunlight (the main source of
skin vitamin D synthesis) influences body circadian rhythms such as
melatonin rhythms, and there is evidence that melatonin and sero-
tonin circadian rhythms are involved in depression.!” Moreover, the
relationship between hypovitaminosis D and depression may also
be affected by the individual’s level of physical exercise, since limited
mobility has been reported in both depressed patients and people
with hypovitaminosis D."! Body mass index (BMI) also appears to
be an important factor to consider because hypovitaminosis D may
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arise from both high BMI (sequestration of fat-soluble vitamin D in
adipose tissue) and depression.!'®

It should be noted that recent studies have made considerable
efforts to account for covariables® and that the most recent longi-
tudinal prospective cohort studies have found an increased hazard
ratio for depression in individuals with hypovitaminosis D at base-
line (hazard ratio=2.21 [95% CI, 1.40-3.49]).2 This finding suggests
a temporal sequence, with hypovitaminosis D preceding the onset of
depressed mood. However, the observational design of these studies
prevents inferring causality. Data from experimental and therapeu-
tic trials are needed to provide insight into the relationship between
hypovitaminosis D and depression.

Experimental Studies

The possible causal relationship between hypovitaminosis D and
depression is supported by a biological substrate. Vitamin D acts in
the brain as an intracrine hormone of the neurosteroid type':!*-2*
that binds to the vitamin D receptors (VDRs) present on neurons
and glia in many areas of the brain implicated in the pathophysiol-
ogy of depression, such as the limbic system (cingulate cortex and
hippocampus).'® Vitamin D is involved in numerous brain processes
including neuroimmunomodulation and genetic regulation of the
synthesis of neurotrophins and neurotransmitters.' For instance,
vitamin D response elements have been detected in the promoter
regions of serotonin genes.?’ Experimental studies, consistent with
this notion, have reported that serum 1,25-dihydroxyvitamin Dj
levels influence the levels of serotonin in the hypothalamus of rats.?!
Basic research further suggests that VDR gene polymorphisms mod-
ulate the effectiveness of vitamin D in the brain and may explain
why some patients respond to vitamin D and others do not (carriers
of Apal variant-allele and of haplotype baT have fewer depressive
symptoms).? Parallels have consistently been made between behav-
ioral and motor disorders exhibited by transgenic mice with no
functional VDRs in the brain and those observed in animal models
of depression,?® thus strengthening the possible role of the vitamin
D system in the regulation of affect and emotions.

Interventional Epidemiology

Beyond experimental evidence, there is also an epidemiologic
rationale to assume that the correction of hypovitaminosis D pre-
vents depression and improves symptoms. For example, in a sample
of more than 80,000 women from the Women’s Health Initiative,
Bertone-Johnson et al* found that those with higher vitamin D
intake had a lower prevalence of depressive symptoms than others
at baseline and a lower risk of depression after 3 years of follow-up.
Randomized clinical trial (RCT) results are also consistent with this
notion. For instance, Gloth et al®> administered 100,000 IU of vita-
min D to 8 participants with seasonal depression, while 7 controls
were treated with phototherapy. In this trial, vitamin D improved
the Hamilton Depression Rating Scale score, although phototherapy
did not. In another small double-blind trial,® 44 healthy participants
receiving vitamin D treatment for 5 days demonstrated increased
positive affect and decreased negative affect during winter com-
pared to those receiving vitamin A. Interestingly, the dose appears
important: an unblinded RCT” recently reported that a single
intramuscular vitamin D dose of 300,000 IU improved depres-
sion symptoms more than did a 150,000-IU dose after 3 months of

PSYCHIATRIST.COM = 1121



Annweiler et al

Figure 1. Serum 25-Hydroxyvitamin D Concentrations in Depressed Patients and Nondepressed Controls®

Nondepressed  Depressed Effect Size IV,
Study Year Total Total Random [95% Cl] Effect Size IV, Random, 95% ClI
Eskandari et al'’ 2007 41 75 0.51[0.12 to 0.90] —a—
Hoogendijk etal'> 2008 1,087 26 2.17[1.78 to 2.56] —a—
Ganjietal'? 2010 889 322 0.10 [-0.04 to 0.24] Bl
Chan et al'* 2011 801 82 0.27[0.03 t0 0.51] —.—
Lee etal' 2011 2,719 432 0.37[0.27 t0 0.47] -
Total (95% Cl) 5,537 937 0.65[0.23 to 1.07] ‘
Heterogeneity: 12=0.21; x%,=96.81, P<.00001; > =96% T i 5 " v

Test for overall effect: Z=3.01 (P=.003)

Lower in Nondepressed Controls Lower in Depressed Cases

2Sizes of boxes are proportional to the sample size of each study, and horizontal lines correspond to the 95% confidence intervals. The diamond
represents the summary value. The vertical line corresponds to an effect size of 0.0, equivalent to no difference.

Abbreviation: IV = inverse variance.

intervention in 120 depressed participants with initial hypovitamino-
sis D. However, all of these previous studies®~ were too restricted
by their methodology and/or relatively small sample size to firmly
infer causali'[y.3 Moreover, some other trials found no effect of vita-
min D supplements on depression symptoms in depressed partici-
pants® or on the occurrence of depression in the general population.’
Thus, despite evidence that preexisting hypovitaminosis D increases
the risk of depressive mood, further well-conducted double-blind
placebo-controlled RCTs are required to establish causality with
higher levels of evidence.

New Questions Raised

Even if hypovitaminosis D plays a causal role in depression, other
questions remain. In particular, an essential remaining question is
whether hypovitaminosis D (or its inefficient utilization) is a causal
factor that “actively” triggers depression or, rather, a risk factor that
“passively” removes protection of the central nervous system (CNYS)
against depression. The rationale for an active involvement of hypovi-
taminosis D in the genesis of depression is based on the involvement
of vitamin D in neurophysiology (ie, its neurotrophic role and the
regulation of neurotransmitters),' with the possibility that its insuf-
ficiency results in a pathologic dysfunction of the brain that leads to
depression. The argument against such active involvement is essen-
tially based on epidemiology: 70%-90% of older adults have hypovi-
taminosis D, although most of them do not suffer from depression.!
Thus, the possibility that vitamin D is rather a protective agent of the
CNS, as suggested by its antioxidant and anti-inflammatory effects,'’
should be considered. Hypovitaminosis D could “passively” make the
CNS more sensitive and less responsive to any depressogenic stress.

Although it may appear trivial, the difference in these hypotheses
is crucial because it affects our future approach to vitamin D reple-
tion. Indeed, if we consider vitamin D to be only a neuroprotectant,
just enough supplementation to correct hypovitaminosis D should
be sufficient, but if we think that vitamin D “actively” controls the
CNS, high to very high doses should be used, with the aim of boost-
ing mental faculties. Further, determining if hypovitaminosis D is
actively or passively involved in the genesis of depression will help to
define the objectives and outcomes of future RCTs. In other words,
should vitamin D supplementation be studied for preventing the
occurrence of depression or for reducing its symptoms? Could hypo-
vitaminosis D be involved in antidepressant resistance? If hypovita-
minosis D explains in part the pathologic lack of neurotransmitters
observed in depression, it may also account at least partially for the
different response rates to antidepressants. Although still specula-
tive, this theory encourages clinicians to replenish vitamin D before
starting antidepressants or to use vitamin D as an adjunct to standard
antidepressants, as is already the case for folates and omega-3 fatty
acids.?* In line with this, a recent 8-week double-blind randomized
placebo-controlled trial' recently found that the combination of flu-
oxetine and vitamin D was superior to fluoxetine alone in controlling
depressive symptoms among depressed participants.
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CONCLUSIONS

There is compelling evidence that depressed adults have lower
vitamin D concentrations than nondepressed adults. Given the
many adverse effects of hypovitaminosis D and the lack of serious
side effects of vitamin D supplements,"** we recommend correcting
hypovitaminosis D. Further well-conducted RCTs are required to
test the causal relationship of hypovitaminosis D with depressed
mood more specifically.
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