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Abstract.

BACKGROUND: Depression is a widespread, global problem, increasingly linked with vitamin D deficiency in the literature.
However, a knowledge gap persists regarding the relationship between depressive symptoms and vitamin D intake.
OBJECTIVE: To determine the association between vitamin D supplementation and depressive symptoms in adults (aged
18+ years).

METHODS: This study consists of a systematic review and meta-analysis of randomized controlled trials (RCTs), published
before January 2019. Pooled summary estimates and between-study heterogeneity were examined.

RESULTS: Ten RCTs (total participants =3336; median duration =12 months) were included. An association was found
between high vitamin D supplementation (>4000 [U) and reduced depressive symptoms, but not in the case of lower levels of
vitamin D supplementation (<4000 IU). Neither baseline serum vitamin D before supplementation, nor the depression-scoring
scales used affected this association. The overall quality of evidence was graded as ‘moderate’.

CONCLUSIONS: Vitamin D supplementation at greater than 4000 IU was observed to have a positive effect on depressive
symptoms. Future efforts could focus on obtaining higher-quality evidence with standardized RCT methodologies to confirm
this association.
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1. Introduction

Globally, depression is the most common mental
health disorder in the general population [1]. Around
! ! and ! 350 million people worldwide suffer from depression
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or self-harm anticipated to increase mortality [4].
Various nutritional factors, including dietary intake
of zinc, calcium, iron, chromium, B12, magnesium,
folate, D-serine [5], and omega-3 PUFAs [6], are
posited to offer some protection against depression
by preventing its occurrence or reducing its severity.
These nutritional factors are believed to achieve this
by regulating specific receptors or signaling pathways
in the brain that are associated with depression [5,
7]. In recent years, there has also been an interest in
vitamin D (a fat-soluble steroid prohormone, formed
when the skin is exposed to sunlight/ultraviolet-
B radiation) and its role in reducing depression
[8,9].

Around 14% of the world’s total population is
estimated to be deficient in vitamin D [10], due
to a lack of (or reduced exposure to) sunlight, a
sedentary lifestyle with little time spent outdoors,
or low dietary intake [11, 12]. Although it is not
fully understood how vitamin D regulates depressive
symptoms, it is known that it crosses the blood-
brain barrier [13, 14], and some vitamin D receptors
in the brain (the limbic system, cerebellum, cor-
tex) are known to be involved in the control of
human emotion and behaviour. It has been observed
that the vitamin D receptors in these regions of
the brain affect serotonin and dopamine synthesis,
this being important for regulation of depressive
symptoms [13, 15].

Several observational studies suggest an associ-
ation between vitamin D deficiency and increased
incidence [16], prevalence [17], and severity [18,
19] of depression and mood disorders. However, it
is still not clear if supplementing individuals with
vitamin D will reduce such depressive symptoms.
Several randomized controlled trials (RCTs) have
produced mixed outcomes regarding the effect of
vitamin D supplementation on depressive symptoms,
with some RCTs reporting a reduction in these symp-
toms [20-22] and others contradicting these reports
[23, 24]. As such, it is still unclear whether vitamin
D supplementation is effective for the management
of depressive symptoms [25, 26]. Consequently, the
aim of this systematic review and meta-analysis is
to determine whether there is an association between
vitamin D supplementation and depressive symptoms
in adults aged 18 or over. This will be attempted
by synthesizing evidence from published RCTs. It
includes subgroup analyses by vitamin D supple-
ment dosage (<or >4000 IU), baseline vitamin D
levels, and the application of different depression
scales.

2. Materials and methods

This is a systematic review and meta-analysis of
studies published in English and assessing the effect
of vitamin D supplementation on depressive symp-
toms.

2.1. Search strategy and study selection criteria

The comprehensive search strategy adopted in
this study is presented in Supplementary Table 1.
Briefly, combinations of the following keywords were
entered into the search engines of various electronic
databases (PubMed, Medline, the Cochrane Library,
Ovid, and the Science Direct Database) to iden-
tify eligible studies: “Adult”, “Adult*”, “Young*”,
“Old adult”, “Geriatric”, “Elderly”, “Depression”,
“Depression*”, “Depress*”,” Mood Disorder*”,
“Dysthymi*”, “Depression symptoms”, “Adjustment
Disorder®”, “Affective Symptoms”, “Vitamin D sup-
plement”, “vitamin D”, “vitamin D2”, “vitamin
D3#”, “l-alpha-hydroxy-vitamin D3”, “1,25 dihy-
droxyvitamin D3”, “1,25-dihydroxycholecalciferol”,
“clinical trial*”, “trial”, “intervention”, “RCT”, and
“randomized controlled trials”.

The articles retrieved through these searches were
assessed against set eligibility criteria for inclusion
in this current review. The following study selection
criteria were applied:

2.2. Inclusion criteria

Population: Adults aged 18 years or above.
Intervention: Vitamin D (25-hydroxyvitamin D)
supplementation in various doses and via various
administration routes (oral and parenteral). Com-
parison: Controls (participants to whom vitamin D
supplementation was not administered but where a
placebo, identical in size, shape, and smell to the
vitamin D supplementation, had been administered).
Outcome: Level of depressive symptoms, as per
various assessment scales for measuring depressive
symptoms reported in the respective studies.

2.3. Exclusion criteria

Population: Participants with co-morbidities that
affect calcium and vitamin D metabolism or absorp-
tion, such as hyperparathyroidism, cancers, liver
and kidney diseases, and inflammatory bowel dis-
ease. Intervention: Cases receiving, in addition to
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vitamin D, other interventions such as photother-
apy, anti-depressant medications, or medications or
supplements which affect depressive symptoms that
are not fully known, including vitamin C, iron,
lycopene; astaxanthin, citrus bioflavonoid, and hor-
mone therapy. Comparison: Controls receiving other
supplements that could affect depressive symptoms,
aside from the placebo. Outcome: Studies that do
not report depressive symptoms using standardized
assessment scales, and studies that do not report
mean depression scores before and after vitamin D
supplementation, from which a pooled standardized
mean difference (SMD) can be derived through meta-
analysis (Supplementary Table 2).

The trials included in this study are summarized
in Tables 1 and 2, while the excluded studies, along
with the reasons for their exclusion, are presented in
Supplementary Table 3.

2.4. Data extraction

Two independent reviewers extracted the following
data from the included studies: name of first author,
year of publication, study design, and participants’
characteristics (age, gender, sample size, symptoms
of depression, study area, baseline serum 25-hydroxy
vitamin D (25[OH]D) outcome measures: mean
depression scores before and after vitamin D supple-
mentation). Details of the intervention and control
groups were also extracted.

2.5. Data analysis

To compute the meta-analysis, STATA 14 sta-
tistical software was used. First, the difference in
mean depression scores was obtained for both the
intervention and control groups. This took place
by subtracting the mean depression scores from
the baseline mean depression scores, after vita-
min D supplementation. The difference in means
(SMD) between the intervention and control groups,
as well as the pooled summary estimates, were
obtained using random effect models. Sub-group
meta-analyses were conducted (meta-regression)
according to vitamin D supplement dosage (below
and above 4000 IU, this being the Institute of
Medicine’s upper limit for cholecalciferol [27], base-
line vitamin D levels, and the various depression
scales used to assess depressive symptoms. Between-
study heterogeneity was also reported, together with
the I-squared. Finally, a funnel plot was generated

to assess publication bias, while Begg’s and Egger’s
Tests were conducted to assess for statistical evidence
of publication bias.

2.6. Risk of Bias in the included studies and
quality assessment

Risk of bias was assessed by two independent
authors, using the Risk of Bias Assessment Tool, as
per Cochrane’s Handbook for Systematic Reviews of
Interventions (Chapter 8) [28] and graded as ‘Low’,
‘High’ or ‘Unclear’, with the latter group indicating a
lack of information or uncertainty over the potential
for bias (Table 3). The grading of recommendations
assessment, development, and evaluation (GRADE)
approach was adopted to assess the quality of the
evidence, with respect to each outcome measure [29].
The overall quality of evidence was graded as ‘High’,
‘Moderate’, ‘Low’ or ‘Very low’ [30, 31](Table 4).

3. Results
3.1. Search outcomes

The electronic database search returned 1226 tri-
als, with 780 records remaining after duplicates were
removed. Once the trials that did not conform to
the inclusion criteria were removed, 104 studies
remained. Of these, 50 studies were excluded (see
Supplementary Table 3 for a list of excluded stud-
ies with the reasons for their exclusion), and 54 trials
were assessed for eligibility. A further 44 full-text
articles were excluded (Supplementary Tables 2 and
3). The main reasons why studies were excluded
consisted of the population or sample size (for
example, small sample sizes, child and adolescent
populations, participants diagnosed with or being
treated for depression or other psychiatric issues,
and participants with other health issues potentially
impacting vitamin D), the study design or interven-
tion (for example, non-randomized trials, vitamin D
supplements combined with other supplements or
medications, participants not taking vitamin D sup-
plements, and the absence of a control group), and
outcome (for example, the outcome of interest did
not consist of depressive symptoms, a depression
scale was not used). Once the full-text articles had
been read, 10 trials were found to meet the inclu-
sion criteria for this meta-analysis, as illustrated in
the PRISMA flowchart (Fig. 1).



Characteristics of the (n=10) included studies — study populations, sample sizes (number of interventions vs. control groups)

Table 1

First Author Place Population Baseline Depression Type of RCT Sample Size Sample Size Mean and Age
(Intervention vs (Male vs Female) Range
Control)
Omidian, Iran Patients with T2DM and mild to moderate Mean scores indicate mild depression Randomized double-blind Total: 66 C: 32 1: 34 M: 39 F: 27 49-51 years
etal. [13] 2019 depressive symptoms.
Choukri, New Zealand Healthy premenopausal women Mean scores below cut-off for risk of Randomized double-blind Total: 1521: 76 C: 76 F: 152 1840 years
et al. [25] 2018 depression
Gugger, Switzerland Community-dwelling adults aged 70 8.5% of participants were at risk of Randomized double-blind Total: 134 1: 67 C: 67 M: 66 F: 134 70 years and older
et al. [26] 2019 years and over with a prior fall depression
Arvold, USA Adult primary care patients with mild to Mean scores indicate some impairment Randomized double-blind Total: 90 I: 48 C: 42 M: 266 F: 333 58.6 years
et al. [32] 2009 moderate vitamin D deficiency
Zheng, Australia Participants with symptomatic knee and 25.4% of participants had mild or more Randomized double-blind Total: 340 I: 181 C: 159 M: 193 F: 220 63 years
et al. [34] 2018 vitamin D deficiency severe depression
Bertone-Johnson, USA Postmenopausal women aged 50-79 years 9.4% (treatment) and 9.9% (placebo) of Randomized double-blind Total: 2252 1: 1109 C: 1143 F: 2252 50-79 years
etal. [33] 2012 participants experienced symptoms
consistent with depressive disorders
Fazelian, Iran Women with type 2 diabetes (T2DM) and Mean scores indicate mild depression Randomized double-blind Total: 511: 25 C: 26 F: 51 43-47 years
etal. [35] 2019 vitamin D deficiency
Frandsen, Denmark Healthcare professionals employed in Mean scores below cut of for current Randomized double-blind Total: 43 1: 22 C: 21 M: 11 F: 32 44.2 years
etal. [36] 2014 psychiatric and somatic hospitals, winter depression [50]
where the participants were suffering
from moderate seasonality with SAD
symptoms
Dean, Australia Healthy young adults Mean scores considered normal/ minimal Randomized double-blind Total: 128 I: 63 C: 65 M:55F: 73 21-45 years
etal. [37] 2011 depression
Mozaffari- Iran Patients with vitamin D deficiency who Mean scores indicate moderate depression Non-blinded Total: 80 I: 40 C: 40 NC (Not Clear) 33 years
Khosravi, scored higher than 17 in the Beck

etal. [38] 2013

Depression Inventory (BDI)
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Table 2

First author, intervention, comparator, depression outcome measures, outcomes, duration of trials, SMD [95% conf. interval] of the studies according to vitamin D dosage and p-value

First author Objective Intervention Comparator Outcome Measure Outcome Duration of Trial SMD [95% CI] P-value
(in Months)
Omidian [13] To examine the effects of vitamin D Vitamin D (4000 Placebo Beck Depression Inventory-II Beneficial 3 months 0.253 (-0.232, 0.738) P<0.05
2019 monotherapy on depressive 1U) (BDI-II-PERSIAN)
symptoms
Choukri [25] 2018 To test the effects of vitamin D Vitamin D3 Placebo CES-D Non-significant 6 months 0.054 (-0.264, 0.372) P>0.05
supplementation on depression, (50,000 1U)
anxiety, and negative/positive
mood
Gugger [26] 2019 To test the effect of monthly Vitamin D3 24000 IU GDS-15 Non-significant 12 months —-0.037 (-0.376, 0.301) P>0.05
high-dose vitamin D (60,000 IU) vitamin D3
supplementation on mental health
in older adults
Arvold [32] 2009 To examine the association of Vitamin D3 Placebo Self-reported symptoms (depressed Non-significant 12 months 0.220 (-0.195, 0.636) P>0.05
vitamin D deficiency symptoms (50,000 1U) mood)
with depression in response to
cholecalciferol treatment
Arvold [32] 2009 To examine the association of Vitamin D3 Placebo (FIQ) Beneficial 12 months 0.144 (-0.270, 0.559) P<0.05
vitamin D deficiency symptoms (50,000 TU)
with depression in response to
cholecalciferol treatment
Dean [37] 2011 To assess whether vitamin D Vitamin D3 (5000 Placebo State-Trait Anxiety Inventory, Non-significant 1.5 months State of Anxiety 0.165 P>0.05
supplementation leads to improved 1U) State-Trait Anger Expression (-0.182, 0.512), State of
cognitive flexibility, psychotic-like Inventory, Beck Depression Anger 0.283 (-0.065,
experiences, proneness to Inventory (BDI) 0.631), (BDI) 0.073
hallucination, and emotional states (-0.273, 0.420)
of depression, anxiety, and anger.
Fazelian [35] 2019 To determine the effect of vitamin D Vitamin D3 Placebo Depression, Anxiety and Stress Beneficial 4 months 0.000 (-0.549, 0.549) P<0.05
supplementation on anxiety, (50,000 1U) Scales (DASS-21)
depression, and inflammation in
diabetic women with anxiety
(Continued)
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Table 2
(Continued)

First author

Objective

Intervention

Comparator

Outcome Measure

Outcome

Duration of Trial

(in Months)

SMD [95% CI]

P-value

Frandsen [36]
2014

Zheng [34] 2018

Mozaffari-
Khosravi [38]
2013

Mozaffari-
Khosravi [38]
2013

Bertone-Johnson,
etal. [33] 2012

To examine whether vitamin D
supplementation reduces SAD
symptoms among indoor workers
who have experienced winter
depressive symptoms in the past

To determine the effect of vitamin D
supplementation on depressive
symptoms in patients with knee
osteoarthritis and vitamin D
deficiency

To examine the positive effect of
vitamin D injections on depression
in depressed patients with vitamin
D deficiency

To examine the effect of vitamin D
injections on improving
depression in depressed patients
with vitamin D deficiency

To evaluate the association between
vitamin D (+ calcium)
supplementation on occurrence of

depression and antidepressant use

Vitamin D (70 pg)
2800 IU

Vitamin D3
(50,000 TU)

Vitamin D3
(300,000 IU)

Vitamin D3
(150,000 IU)

Vitamin D3 (400
IU) and
(1,000 mg)

calcium

Placebo

Placebo

Placebo

Placebo

Placebo

Hamilton Depression Rating Scale,
Seasonal Affective Disorders

(SIGH-SAD), (WHO-5)

PHQ-9

Beck Depression Inventory II (BDI)

Beck Depression Inventory II (BDI)

Burnam 8-item Scale for depressive

disorders

Non-significant

Beneficial

Beneficial

Non-significant

Non-significant

3 months

24 months

12 months

12 months

24 months

—0.054 (-0.652, 0.544)

0.129 (-0.084, 0.342)

-0.223 (-0.662, 0.217)

0.418 (-0.025, 0.861)

0.016 (-0.067, 0.098)

P>0.05

P<0.05

P<0.05

P>0.05

P>0.05

90¢
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Table 3

Risk of biased assessment in the included trials (n=10)

Study Random Allocation Blinding of Blinding of Blinding of Incomplete Incomplete Selective
Sequence Concealment Participants and Outcome Outcome Outcome Data Outcome Data Reporting
Generation (Selection Bias) Personnel Assessment Assessment Addressed Addressed (Reporting Bias)
(Selection Bias) (Performance (Detection Bias; (Detection Bias; (Attrition Bias; (Attrition Bias;
Bias) Patient-reported All-cause Short-term — Long-term —>6
Outcomes) Mortality) 2-6 Weeks) Weeks)
Omidian, et al. Yes (low risk) Yes (low risk) Yes (low risk) Yes (low risk) Yes (low risk) Yes (low risk) Yes (low risk) No (low risk)

[13]12019
Choukri, et al.
[2512018
Gugger [26]
2019

Arvold, et al.
[32] 2009
Dean, et al. [37]
2011

Fazelian, et al.
[35] 2019
Frandsen, et al.
[36] 2014
Zheng, et al.
[34] 2018
Mozaffari-
Khosravi, et al.
[38]2013
Bertone-
Johnson, et al.
[33] 2012

Unclear risk

Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

Yes (low risk)

Unclear risk

Yes (low risk)
Yes (low risk)
Yes (low risk)
No (high risk)
Yes (low risk)
Yes (low risk)

No (high risk)

No (high risk)

Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

Unclear

No (high risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

yes (low risk)

No (high risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

Yes (low risk)

Unclear risk

Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

Yes (low risk)

Unclear risk

Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)
Yes (low risk)

No (high risk)

Yes (low risk)

Unclear risk

No (low risk)
No (low risk)
No (low risk)
No (low risk)
No (low risk)
No (low risk)

Yes (high risk)

No (low risk)
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Table 4

GRADE evidence profile for the association of vitamin D supplementation with depression

Quality Assessment of Evidence on Measured Outcome

Summary of Findings

SMD of Depression Score Outcomes

Studies (Design) Limitation’ Inconsistency? Indirectness?

(Participants)

Imprecision*

Publication Bias® Pooled SMD Comparing Overall

Intervention to Control Quality

Depression Score

10 (RCTs) (3336) Very serious No inconsistency No serious

limitations indirectness

Serious Undetected

0.06 (<0.01 -0.12) AAAO Moderate

imprecision

No adjustments for confounders in some studies and lack of generalizability of findings in several studies due to selected study populations.
In addition, no blinding reported in a study. 2Significant heterogeneity and variability (I?). >Single study assessed was a secondary analysis
in a study primarily assessing the effect of vitamin D in patients with osteoarthritis rather than depression. *“Most especially with the CI
measures of the SMD across the studies. >No statistical or graphical evidence of publication bias. SMD — Standard mean difference.

3.2. Characteristics of the selected studies

A total of 10 studies (9 double-blinded; 1 single-
blinded) were included in the meta-analysis. The
characteristics of the included trials are presented in
Table 1. Together, these 10 RCTs consisted of 3336
participants (1673 controls versus 1663 cases). Vita-
min D supplementation was administered orally in
the double-blinded RCTs [13, 25, 26, 32-37] and
intramuscularly in the single-blinded RCT [38]. The
vitamin D supplementation dose ranged from 400
IU/d to 300,000 IU/d. As revealed by the funnel
plot, there was no graphical evidence of publica-
tion bias, with all studies falling within the 95%
confidence interval (CI). Likewise, the Begg’s and
Egger’s Test results were negative for publication bias
(»p=0.138 and p=0.373, respectively) (Supplemen-
tary Figure 1).

3.3. Meta-analysis and meta-regression/
sub-group analyses

No statistically significant difference was iden-
tified between the pooled SMD for the interven-
tion groups’ mean depression scores, compared
to the control groups (SMD=0.055, 95% CI:
—0.008-0.117, p=0.089) (Fig. 2), and there was
no between-study heterogeneity (I>?=0% and het-
erogeneity of p=0.803). A statistically significant
SMD was found between the intervention and con-
trol groups’ mean depression scores when studies
were classified by vitamin D supplement dosage,
with a statistically significant improvement in mean
depression scores where doses of >4000 IU of vita-
min D were administered (SMD: 0.116 [95% CI:

0.015-0.218], p=0.024, with I-squared=0% and
p=0.852). However, this was not found in studies
where vitamin D doses of <4000 IU were adminis-
tered (SMD 0.016 [95%CI: —0.065-0.096], p = 0.702,
with, I-squared = 0% and p=0.702) (Fig. 3).

Moreover, no statistically significant difference
was observed between the intervention and control
groups’ mean depression scores when the studies
were stratified according to baseline vitamin D
levels (<50 and >50 nmol/L, pooled SMD: 0.038,
p=0.314; pooled SMD: 0.09, p=0.106, respec-
tively; I-squared=0%, p=0.724 and p=0.664,
respectively) (Fig. 4). Likewise, no statistically
significant SMDs were found between the interven-
tion and control groups for any of the respective
depression scoring systems, when studies were
pooled according to the applied depression-scoring
systems presented below: Beck Depression Inven-
tory (BDI) (SMD: 0.121 [95%CI: -0.136-0.378],
p=0.356); Burnam 8-item Scale (SMD: 0.016
[95%CI: -0.067-0.098], p=0.712); CES-D (SMD:
0.054 [95%CI: -0.264-0.372], p=0.741); Geri-
atric Depression Scale (SMD: -0.037 [95%CI:
-0.376-0.301], p=0.829); Hamilton Depression
Rating Scale (SMD: —0.054 [95%CI: —0.652-0.544],
p=0.860); State-Trait Anxiety Inventory (SMD:
0.165 [95%CI: —0.182-0.512], p=0.350); State-
Trait Anger Expression Inventory (SMD: 0.283
[95%CI:  -0.065-0.631], p=0.111); Depres-
sion/anxiety (SMD: 0 [95%CI: —0.549-0.549],
p=1); FIQ (SMD: 0.220 [95%CI: -0.195-0.636],
p=0.299); Self-reported symptoms (SMD: 0.144
[95%CI: - 0.270-0.559], p=0.495), and the
Short Form Health Survey (SMD: 0.018 [95%CTI:
-0.321-0.357], p=0.917; PHQ-9 (SMD: 0.129
[95%CI: —0.084-0.342], p=0.089).
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Records identified thraugh database searching

Additional records identified
through other sources (n=0}

duplicates removed

780 records were included after 446

Records excluded {n=676)
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=

T
v
¥
A

1

Records screened (n=104)

1

&
o
&
w

eligibility (n=54)

Full-text articles assessed for

|

Records excluded (n=50)
Case-control studies, cross-

sectional cohort studies, meta-
analvsis

Full-text articles excluded,
with reasons illustrated in
Appendices 2 & 3
(n=44)

qualitative synthesis n=10

Number of studies included in

1

analysis) {(n=10)

Studies included in quantitative synthesis (meta-

Fig. 1. Identification process for eligible trials according to the PRISMA flowchart [51].

The sub-group analysis demonstrated that different
psychometric scales did not have a significant impact
on the association between vitamin D supplementa-
tion and depressive symptoms (Fig. 5).

4. Discussion

This meta-analysis aimed to determine whether
there is any association between vitamin D sup-
plementation and depressive symptoms in adults
aged 18 years or above. The subsequent findings
show a significant reduction in depressive symp-

toms with vitamin D supplementation at daily doses
of over 4000 IU, but not at doses below 4000 IU.
In addition, no statistical association was reported
between baseline serum vitamin D levels and any
of the depression-scoring outcomes used. The over-
all quality of evidence for the association of vitamin
D supplementation with depressive symptoms was
graded as ‘moderate’.

The present meta-analysis revealed a significant
impact of vitamin D intake on depressive symptoms,
but only when high doses (>4000 IU) were admin-
istered. According to the Institute of Medicine, the
upper safety limit for cholecalciferol is 4000 IU/day



310 T. Albuloshi et al. / The effectiveness of vitamin D supplementation in reducing depressive symptoms

%
auther year SMD (95% CI) Weight
Elzabeth R. Bertone~Johnson 2011 — 0.02 (.07, 0.10) 57.92
Tenna Bloch Frandsen 2014 ; .05 (085, 054) 111
Maria A. Chouiei 2018 —:0— 0.05 (0.26, 037) 191
Angela J. Dean 2011 — 0.17 (0.18, 051) 328
1
Angela J. Dean 2011 . - 0.28 (0.07, 083) 326
Angela J. Dean 2011 :v 0.07 (0.27, 042) 329
Siavash Fazelian 2019 - 0.00 (.55, 0.55) 131
1
David S. Arvold 2009 : + 0.22 (0.20, 084) 229
David S. Arvold 2009 : -+ 0.14 (0.27, 056) 230
Mahsa Omidian 2019 - -+ 0.25 (0.23, 0.74) 168
|
Alenka Gugger 2018 +-. 0.02 (-0.32, 036) 345
Alenia Gugger 2019 : .04 (0.28,030) 345
Shuang Mmed 2018 —i—-o-— 0.13 (0.08, 0.34) 889
Hassan Mozaffari 2013 > . 0.22 (088,022) 205
1
Hassan Mozaffari 2013 - 0.42 (.02, 0.36) 201

Overall (Fsquared =0.0%. p= 0.803)

NOTE: Weights are from random efects anahysis

O 005 (0.01.012) 100.00

Fig. 2. Forest plot of studies comparing the impact of administering vitamin D and a placebo to participants for depressive symptoms.
Summary estimates consist of the SMD for differences in mean depression scores obtained from the respective studies, before and after
administering vitamin D treatment to the intervention group, compared to a control group. The solid line on the forest plot is the point of no
effect (SMD =0), and the dashed line represents the overall pooled estimate. The grey squares and horizontal lines represent the odds ratios
for each study and their 95% CI. Meanwhile, the size of the grey square represents the weight contributed by each study in the meta-analysis,

and the diamond represents the pooled SMD and its 95% CI.

[27]. The highest doses of vitamin D supplementation
were administered in Mozaffari-Khosravi’s trial, with
vitamin D given in doses of 150,000 IU and 300,000
IU. The latter dose was found to have a beneficial
effect on symptoms of depression. Likewise, an RCT
conducted in 2019 to assess the impact of vitamin D
supplementation at 300,000 IU on the Beck Depres-
sion Inventory (BDI) scores of 90 patients with mild
to moderate ulcerative colitis [21] reported a statis-
tically significant reduction in the participants’ BDI
scores after three months of vitamin D supplemen-
tation [21]. Significant improvements in depressive
symptoms were also observed at doses of 50,000 TU
per week for a total of eight weeks, as observed in
Alavi’s study on 78 elderly patients aged over 60
years and exhibiting moderate to severe depressive
symptoms [39].

There are several proposed mechanisms through
which vitamin D could improve mood changes.
For example, one possible reason for the observed

benefits of vitamin D is that metabolites of vita-
min D are capable of crossing the blood-brain
barrier [40] and binding to vitamin D receptors
(VDRs) in areas of the brain that are responsible
for emotional processing and regulation, such as
the hippocampus [39]. These receptors are clustered
with the enzymes required for vitamin D hydrox-
ylation [41] and are involved in mood disorders,
serotonin synthesis, tryptophan hydroxylase gene
regulation, and the production of proinflammatory
cytokines that affect stress responses [41]. Vitamin
D is also known to modulate the hypothalamic-
pituitary-adrenal axis, which controls the production
of dopamine, norepinephrine, and the monoamine
neurotransmitter: epinephrine. Furthermore, vitamin
D has been observed to prevent reductions in sero-
tonin and dopamine in the adrenal cortex [42].
Therefore, vitamin D supplementation in appropriate
doses may benefit patients with depressive symptoms
[42, 43].
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author year
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Maria A. Choulai 2018 o EE— 0.05 (-0.26, 0.37) 391
1

Angela J. Dean 201 ' —- 0.17 (-0.18, 0.51) 3.28

AngelaJ. Dean 201 . + 028 (-0.07, 0.63) 3.26

Angela J. Dean 201 = 0.07 (-027, 0.42) 329

Siavash Fazelian 2019 : 0.00 (-0.55, 0.55) 131

David S. Arvold 2009 : - 022 (-020, 0.64) 229

David S. Arvold 2009 : - 0.14 (-0.27, 0.56) 230

Mahsa Omidian 2019 : + 025 (023, 0.74) 1.68
1

Alenka Gugger 2019 T -0.04 (-0.38,0.30) 345
1

Shuang Mmed 2018 e — 0.13(-0.08, 0.34) 8.69
1

Hassan Mozaffari 2013 + ! -0.22 (-0.66, 0.22) 2.05

Hassan Mozaffari 2013 + 0.42 (-0.03, 0.86) 201
1

Subtotal (I-squared = 0.0%, p = 0.852) <> 0.12(0.02,022) 38.63
1
1

0 -<40001U -

Elizabeth R. Bertone-Johnson 2011 _—— - 0.02 (-0.07, 0.10) 57.92

Alenka Gugger 2019 4 0.02 (-0.32, 0.36) 345

Subtotal (I-squared = 0.0%, p = 0.989) 0.02 (-0.06, 0.10) 61.37
)

: 1

Overall (I-squared = 0.0%, p = 0.803) 0.05 (-0.01, 0.12) 100.00

NOTE: Weights are from random effects analysis

T T T T
1 -5 5 1

Fig. 3. Forest plot of studies comparing outcomes of administering vitamin D and a placebo for depression, according to vitamin D dosage
(less than 4000 IU; 4000 IU or above). Summary estimates consist of the SMD for differences in mean depression scores obtained from
the respective studies, before and after administering vitamin D treatment to the intervention group, compared to a control group. The solid
line on the forest plot is the point of no effect (SMD =0), and the dashed line represents the overall pooled estimate. The grey squares and
horizontal lines represent the odds ratios for each study and their 95% CI. Meanwhile, the size of the grey square represents the weight
contributed by each study in the meta-analysis, and the diamond represents the pooled SMD and its 95% CI.

However, the results of the meta-analysis were
not significant at doses of vitamin D <4000 IU. The
lowest vitamin D dosage was applied by Bertone-
Johnson and colleagues [33], who administered it
to half the members of a cohort of 2,252 older
women, whereupon no association was observed
between supplementation (400 IU/day of vitamin D3
over a 2-year period) and depressive symptoms [33].
Furthermore, there were no improvements in Geri-
atric Depression Scale (GDS) scores among African
Americans or Caucasians, either based on serum
250HD levels, or with increased doses of vitamin
D [44]. The above authors interpreted the small and
insignificant changes observed as potentially due to
the relatively small sample size. As such, future
studies investigating higher doses of vitamin D sup-
plementation in larger sample sizes may be preferable
for assessing the effectiveness of vitamin D as a nutri-
ent in treating or preventing depression.

In the current study, the baseline serum vitamin
D level before vitamin D supplementation was not
found to influence the extent to which such sup-
plementation could affect depressive symptoms. Six
of the studies in this review [13, 26, 32, 34, 35,
38] included participants with sub-optimal baseline
serum vitamin D levels (<50 nmol/L), while four
studies included participants with optimal baseline
serum vitamin D levels [25, 33, 36, 37]. To investi-
gate the effectiveness of vitamin D supplementation
for the treatment of depressive symptoms, future stud-
ies could initiate such interventions with participants
suffering from both vitamin D deficiency (serum
25[OH]D < 10 ng/mL) and clinical depression [44].

Howeyver, it should be noted that there were differ-
ences in the methods used to measure vitamin D levels
across the various studies, which may have impacted
the accuracy of the plasma vitamin D measurements
reported [45]. Therefore, it is challenging to compare
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%
author year SMD (95% CI) Weight
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E lizabeth R. Bertone-Johnson 2011 — 0.02 (-0.07,0.10) 57.92
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1
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1
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1
Angela J. Dean 2011 : + 0.28 (-0.07, 063) 326
Angela J. Dean 201 ] 0.07 (-0.27, 0.42) 3.29
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1
1
0 Less than 50 nmolL :
1
Siavash Fazelian 2019 T 0.00 (-0.55, 0.55) 131
1
David S. Arvold 2009 -+ 0.22 (-0.20, 0.64) 229
1
David S. Arvold 2009 -+ 0.14 (-0.27,0.56) 230
M ahsa Omidian 2019 : -4 0.25 (0.23,0.74) 168
Alenka Gugger 2019 + 0.02 (-0.32, 0.36) 3.45
Alenka Gugger 2019 1 -0.04 (-0.38, 0.30) 345
Shuang Mmed 2018 ——:-0-— 0.13 (-0.08, 0.34) 869
Hassan Mo zaffari 2013 - : -0.22 (-0.66, 0.22) 205
1
Hassan Mo zaffari 2013 T +- 0.42 (-0.03, 0.86) 201
Subtotal (I-squared = 0.0%, p = 0.664) L 0.10 (-0.02, 0.22) 2123
>
1
Overall (l-squared = 0.0%, p = 0.803) <> 0.05 (-0.01,0.12) 100.00
1
NOTE: Weights are from random effects analysis :
T T T T
-1 -5 L] 5 1

Fig. 4. Forest plot of studies comparing the outcomes of administering vitamin D and a placebo for depression to participants, according
to baseline 25(OH)D levels (less than 50; 50 and above). Summary estimates consist of the SMD for differences in mean depression scores
obtained from the respective studies, before and after administering vitamin D treatment to the intervention group, compared to the control
group. The solid line on the forest plot is the point of no effect (SMD =0), while the dashed line represents the overall pooled estimate. The
grey squares and horizontal lines represent the odds ratios for each study and their 95% CI, whereas the size of the grey square represents
the weight contributed by each study in the meta-analysis, and the diamond represents the pooled SMD and its 95% CL

vitamin D levels across the selected studies. In five
cases, different immunoassay methods were adopted
[32, 34-36, 38], while liquid chromatography-mass
spectrometry (LC-MS/MS) was implemented in three
of the studies [25, 37]. Nevertheless, in two of the
studies, there was no mention of the method of vita-
min D measurement applied [26, 33]. Disagreement
over different systems of vitamin D assay presents
another challenge [45], since they produce widely
varying results, making it difficult to compare the
prevalence of vitamin D deficiency between nations
[45]. One recent review of vitamin D assay method-
ologies found that LC-MS/MS enables more accurate
medical assessment of vitamin D deficiency [44],
and LC-MS/MS is considered as the gold standard
of vitamin D testing, according to the Accuracy-

Based Vitamin D Survey 2016 [46], given that
it measures all clinically relevant metabolites of
vitamin D.

Furthermore, the reviewed RCTs failed to account
for important confounders, such as the participants’
dietary and lifestyle patterns. These confounders are
known to have a significant influence on vitamin
D metabolism, thereby potentially affecting overall
response to vitamin D supplementation, and as a
result, its effect on depressive symptoms [13, 26, 32,
34, 35, 38]. Other significant factors affecting vita-
min D metabolism and supplementation are age and
the co-morbidities that affect vitamin D and calcium
metabolism. For instance, the relationship between
depression and vitamin D deficiency has previously
been investigated in a senior population [47]. In this
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Subtotal (I-squared = .%, p=.) By ——— 0.13 (-0.08, 0.34) 8.69
. 1
Overall (I-squared = 0.0%, p = 0.803) K> 0.05 (-0.01, 0.12) 100.00
1
NOTE: Weights are from random effects analysis |
| I |
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Fig. 5. Forest plot of studies comparing outcomes of administering vitamin D and a placebo for depression, according to the Depression
Scale. Summary estimates consist of the SMD for differences in mean depression scores obtained from the respective studies, before and
after administering vitamin D treatment to the intervention group, compared to a control group. The solid line on the forest plot is the point of
no effect (SMD =0), and the dashed line represents the overall pooled estimate. Meanwhile, the grey squares and horizontal lines represent
the odds ratios for each study and their 95% CI, whereas the size of the grey square represents the weight contributed by each study in the
meta-analysis, and the diamond represents the pooled SMD and its 95% CI.

current meta-analysis, only three such studies were
included, because the trials conducted on elderly
populations have been limited [33]. In the included
studies, the age range was 50-79 years [26], 70 years
and above, and a mean age of 63.2 years [34]. Another
factor that could have affected the present study find-

ings consisted of the psychometric/depression scales
that were used to assess depressive symptoms. It
is essential to choose a suitable screening tool for
measuring depression in older adults — the Geriatric
Depression Scale-15 (GDS-15) being one of the most
frequently used instruments [48, 49].
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Appropriate and consistent methodologies are
therefore required to design future research projects
that will ensure accurate results; for example, a con-
sensus on appropriate psychometric scales for the
measurement of depressive symptoms would be ben-
eficial in the context of supplementation studies, as
would accurate evaluation of vitamin D levels to
investigate the effectiveness of vitamin D supple-
mentation (>4000 IU) in the treatment of depressive
symptoms.

5. Limitation and Strengths

A comprehensive search strategy was adopted in
this review to identify all potentially eligible studies,
and the sole inclusion of RCTs helped improve the
overall quality of the studies and the evidence pro-
vided. Nevertheless, some limitations of this study
include wide variation in the methodologies of the
included studies, such as differences in depression-
scoring systems and vitamin D assay methodologies,
making between-study comparisons difficult. There
were also many more studies that used high doses
(=4000 IU) (n=8), compared to those that used low
doses (<4000 IU) (n=2). As a result, the number of
participants in the studies where low doses were used
was much lower than in the studies with high doses.
This may have contributed to the finding that doses
of <4000 IU were not statistically associated with an
improvement in mean depression scores. Addition-
ally, some studies specifically recruited participants
who were already suffering with depressive symp-
toms, while other studies did not, or were looking
only at future occurrence of depressive symptoms.
Several studies also report different summary esti-
mates/measures of effect, rendering the pooling of
overall effect estimates challenging.

6. Conclusion and future direction

This review found a positive effect of high dose
vitamin D supplementation (>4000 IU daily) on
depressive symptoms in adults aged 18 years or over.
Given the high prevalence of vitamin D deficiency
and depression, an association between these con-
ditions carries important public health implications.
Nevertheless, higher-quality evidence to support
these conclusions could be obtained if standardized
methodologies were adopted in subsequent RCTs,

specifically with regard to vitamin D assay measure-
ment and depression scoring.
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