ORIGINAL ARTICLE

The Effect of Vitamin D Supplementation on Symptoms
of Depression in Patients with Type 2 Diabetes Mellitus:
A Systematic Review and Meta-Analysis of Randomized
Controlled Trials

Rudi Putranto', Kuntjoro Harimurti"*", Siti Setiati?, Eka Dian Safitri?,
Siti Rizny F. Saldi,? Imam Subekti', Martina Wiwie S. Nasrun®, Hamzah Shatri'

'Department of Internal Medicine, Faculty of Medicine Universitas Indonesia - Cipto Mangunkusumo Hospital,
Jakarta, Indonesia.

? Clinical Epidemiology and Evidence-Based Medicine, Faculty of Medicine Universitas Indonesia - Cipto
Mangunkusumo Hospital, Jakarta, Indonesia.

*Department of Psychiatry, Faculty of Medicine Universitas Indonesia - Cipto Mangunkusumo Hospital, Jakarta,

Indonesia.

*Corresponding Author:

Kuntjoro Harimurti, MD, M.Sc, PhD. Division of Geriatrics, Department of Internal Medicine. Faculty of
Medicine Universitas Indonesia - Cipto Mangunkusumo Hospital. Jl. Diponegoro no. 71, Jakarta 10430, Indonesia.
Email: kuntjoro.harimurti@gmail.com.

ABSTRACT

Background: The effect of vitamin D supplementation on depressive symptoms in people with type 2
diabetes is still up for debate. The aim of this paper was to investigate the effect of vitamin D supplementation
on symptoms of depression in type 2 diabetic patients. Methods: The protocol for this review has been registered
in PROSPERO:CRD42021231713. Searching for literature was conducted using Pubmed, EBSCOhost, and
EMBASE. Randomised controlled trials (RCTs) regarding vitamin D supplementation in type 2 diabetic patients
with depression were retrieved through a systematic search. The outcome measured was a change in depressive
symptoms evaluated with any validated rating scale. Independent data extraction was conducted, and the study
quality was assessed. A meta-analysis was carried out to calculate the improvement in depressive symptoms in the
group receiving vitamin D and the control group. The available evidence in RCTs was analysed using the PRISMA
approach, and clinical significance was determined using the GRADE system. Risk of bias was assessed using
the Cochrane Risk of Bias Tool. Results: Four RCTs were reviewed and three RCTs were meta-analysed. In two
studies, vitamin D was statistically effective in improving depressive symptoms in type 2 diabetic patients. Three
randomised controlled trials were included in the meta-analysis with 161 subjects using depression score as an
outcome assessment. Vitamin D is significantly more effective than placebo (95% CI: -0.70 to - 0.08, p = 0.01).
Conclusion: Vitamin D supplementation may improve the depressive symptoms in type 2 diabetic patients. Future
research with different geographical areas and larger samples should be done to further assess the benefits.
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INTRODUCTION expectancy, reduce quality of life, and increase
Diabetes mellitus and depression are both functional disability.! Diabetes and depression
significant chronic diseases that diminish life occur together approximately twice as frequently
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as they would be predicted by chance alone.
Comorbid diabetes and depression pose a
significant clinical problem because the outcomes
ofboth disorders are exacerbated by the presence
of the other.? Despite the existence of biological,
psychological, and environmental explanations,
the underlying pathophysiology of depression is
unknown, and several processes may be involved.?

A study by Holt et al. showed that diabetic
patients have an increased risk of developing
depression. This phenomenon can be caused by
several factors, either by patients’ perception of a
disease or by biological changes that occur within
the body. The diagnosis of diabetes mellitus
often frightens patients. Some of the reasons
are that they are afraid that the disease cannot
be cured and that it requires high discipline
and compliance to take medications regularly
to prevent further complications. Moreover,
diabetic patients should also change their
lifestyle, which is not suitable and comfortable
for some of them. On the other hand, diabetes
can also cause decreased neurogenesis, which
can further increase the risk of depression.>?
The symptoms of depression in diabetic patients
are correlated with a decreased quality of life, a
higher risk of developing further complications,
and increasing mortality. Several solutions can
be given to patients, and one of the solutions
is giving anti-depressants. However, several
anti-depressants have side effects of decreasing
glycaemic control and causing weight gain,
which are not suitable for diabetic patients.
As a result, other solutions to this problem are
being sought.*?

In the past few years, other treatment
options besides anti-depressants have been
investigated to treat depressive symptoms.
One of these treatment options is vitamin D.
Vitamin D receptors are found on neurons and
glia in various parts of the brain, including the
cingulate cortex and hippocampus, which have
been linked to depression pathophysiology.®
Furthermore, vitamin D is a supplement that
is easily accessible and inexpensive. These
reasons serve as a foundation for utilizing
vitamin D supplementation to treat depressive
symptoms in patients with type 2 diabetes. Even
though vitamin D is theoretically useful to treat

depressive symptoms in type 2 diabetic patients,
there are not many studies that are able to give
conclusive conclusions regarding this matter.””
This review aimed to compile all the available
evidence on the effectiveness of vitamin D in
type 2 diabetes patients with depression when
compared to placebo or other vitamin D doses
in relieving depressive symptoms.

METHODS

This study followed the Preferred Reporting
Items for Systematic Reviews and Meta-
Analysis guidelines (PRISMA)."” The protocol
for this review is registered with PROSPERO
(CRD42021231713)."

Inclusion Criteria

We considered trials to be eligible if they
included: (1) studies with the intervention
of vitamin D supplementation and placebo
as comparison — intervention can be single
or combined with other drugs, such as anti-
depressants, psychotherapy treatment, or other
adjuvant therapies (micronutrients, probiotics,
etc.); (2) the patients in the studies were older
than 18 years old; (3) type 2 diabetes mellitus
patients diagnosed based on ADA/WHO
criteria with any depression questionnaire; (4)
experimental studies; (5) studies in the form
of randomized controlled trials (RCTs); (6)
studies written in English; and (7) full-text
articles; original articles; and (9) studies that
were published between January 1, 2009 and
December 31, 2021.

Exclusion Criteria

The exclusion criteria in this study include
(1) children and adolescents as subjects; (2)
pregnant and breast-feeding mothers; (3)
subjects with progressive illness (such as:
chronic kidney disease, hepatic cirrhosis,
known history of seizure and other neurological
disorders, and previous history of depression);
(4) correspondence, reviews, editorials, and
conference abstracts.

Outcomes

Our primary outcome for all studies was a
change in depressive symptoms evaluated with
any validated rating scale.
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Table 1. Literature Search Strategy.

Database

Keywords

Results

((((Depression[Title/Abstract] OR Depressivel[Title/Abstract] OR
Mood[Title/Abstract] OR Mental[Title/Abstract])))) AND ((Vitamin

PubMed
Mellitus[Title/Abstract] OR
Diabetes[Title/Abstract]))

D[Title/Abstract] OR Vitamin- D2[Title/Abstract)) AND ((Diabetes 135

EBSCOhost

(“Depression” OR “Depressive” OR “Mood” or

95

“Mental”) AND “Vitamin D” AND (“Diabetes Mellitus” OR “Diabetes”)

(Depression OR Mood OR Mental OR Affective Disorder*) AND
(Vitamin D OR Cholecalciferol OR Vitamin D3 OR Ergocalciferol OR

EMBASE Vitamin

69

D2 OR Alfacalcidol) AND (Type 2 Diabetes Mellitus OR Type I
Diabetes Mellitus OR Diabetes Mellitus OR Diabetes)

Search Strategy

The literature search was conducted in six
databases: PubMed, EBSCOhost, and EMBASE
(up to 31 March 2022). The keywords used
in the literature search were “depression”
in conjunction with “diabetes mellitus” and
“vitamin D”. Synonyms used in the literature
search keywords are obtained from the MeSH
Terms (Table 1). Supplemental 2 provides the
detailed search process. The search was limited
to studies in English and was bound to articles
that were published between January 1, 2009
and December 31, 2021. Studies that have no
available full-text reports were not looked into
further. Available full-text articles from the three
databases were then screened based on their titles
and abstracts. Eligibility criteria were applied to
the articles for further screening. Suitable texts
that fulfil all the criteria were taken into deeper
analysis. In addition, all included publications’
reference lists were thoroughly checked to ensure
that no relevant studies were missed.

Study Selection

Following the removal of duplicates, all titles
and abstracts were evaluated by three independent
researchers (RP, KH, and SS). When studies were
found eligible, the researchers collected full texts
and conducted additional screening. Consensus
was used to settle disagreements.

Data Extraction

To address the differences, the three
researchers (RP, KH, and SS) did data extraction
and reviewed the results. Some papers were
eliminated from the data extraction process
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because they did not meet the study’s objectives,
and the remaining articles were extracted by
two different researchers independently (EDS
and SRFS).

Study characteristics (first author’s name,
year of publication, study location, publishing
year, and study design), diagnosis, participant
characteristics (mean age and gender of
intervention and control group subjects, health
condition of subjects, and the number of subjects
in each group), types of intervention (type, dose,
and duration of supplementation), mean and SD
or percentage of clinical variables were collected
from each study.

Quality Assessment

We assessed the risk of bias of RCTs using
the Cochrane Risk of Bias Tool."> The following
categories were examined: (1) method of
randomisation, (2) allocation concealment, (3)
blinding of subjects and personnel, (4) blinding
of outcome assessment, (5) incomplete outcome
data, (6) selective outcome reporting, and (8)
other biases. Each domain was labelled as low
risk of bias (+), high risk of bias (-) or unclear
risk of bias (?). Two independent reviewers
performed the quality assessment and resolved
disagreements via discussion. Review Manager
(RevMan) 5.4 software was used to assess the
risk of bias."*We intended to assess publication
bias using funnel plot techniques't, Begg’s
rank test'S, and Egger’s regression test's, as
appropriate, given the known limitations of these
methods.
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Statistical Analysis

On the basis of pre-to-post intervention
changes, the effects of vitamin D supplementation
were investigated. For all continuous outcomes,
we utilized the standardized mean difference
(SMD) and 95 percent confidence intervals (CIs).
A fixed-effects model was applied to pool SMDs
across studies by RevMan 5.4 software.!* The
chi-squared test and I-squared values were used
to measure statistical heterogeneity. Moderate
to substantial heterogeneity was indicated by
I-squared >75 percent, mild heterogeneity
by I-squared 50-75 percent, and low or no
heterogeneity by I-squared < 50 percent.

Sensitivity Analysis

We utilized a “leave-one-out” evaluation
procedure to assess the stability of the estimated
measures in the sensitivity analysis. This
evaluation is an iterative procedure in which
one trial was excluded from each iteration, and
ameta-analysis was conducted on the remaining

sample of studies. This analysis demonstrates
how each study influences the overall estimate
of the other studies.

We used the Grading of Recommendations
Assessment, Development, and Evaluation
(GRADE) approach to evaluate the certainty of
depression score as the outcomes, which values
certainty at one of four levels, to objectively
analyse the power of the included research (high,
moderate, low, and very low).!

RESULTS

After a thorough search and selection,
our searches yielded 19,375 references. After
duplicates were removed, 232 references remained
for title and abstract screening. Of these, 6 were
identified and retrieved for full-text screening; all
were in English. After a full text review, four RCTs
were included for the systematic review and three
for the meta-analysis. The phases of the literature
search are illustrated in Figure 1.

Records identified through database searching (N = 256):

= Pubmed (n = 92)

o EbscoHost (n = 95)

© Embasse (n = 69)

=

&

5 A4

o

= Records after removal of duplicates

(N =232)
\ 4

g
= Records screened Records excluded after title and
& (n=232) —»| abstract screening

G (n=226)
- '
= . Full-text articles excluded (n=3),
o) Full-text articles assessed for reasons: study design (cohort
=l eligibility (n = 6) ' review) ’
1|

< Additional RCT included through
manual searching (n=1)

-° . . .
g RCTs included in review
= (n=4)

(%]
=

Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses (PRISMA) Diagram of Study

Selection
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In Table 2, we summarized the characteristics
of the four RCTs. The samples ranged from 50 to
68 subjects and the mean sample size was 57.25.
A total of 229 patients within the studies were
evaluated. Among all subjects, 85 were men and
144 were women. The age of subjects included in
these studies ranged from 30 to 85 years old, with
a mean age of 52.7 in the experimental group
and 54 in the placebo group. All of them were
diagnosed with type 2 diabetes mellitus based
on the American Diabetes Association or World
Health Organization criteria. Only subjects in
the study by Raygan et al. !> had a comorbidity
of coronary heart disease. The dose of vitamin
D used ranged from 4000 IU to 200000 IU. The
extracted scales used to measure depression in
the selected studies included the BDI 7162 and
DASS -21." For the post-intervention score,
means and SD values were calculated from
medians and ranges. Two of the studies reported
no adverse events, while the other two did not

report anything regarding side effects.

Assessment of Risk of Bias

The risk of bias of included RCTs was
assessed using the Cochrane risk- of-bias tool
for randomized trial (RoB 2).?! Two reviewers
independently assessed the risk of bias of the
included RCTs using the technique developed
by Higgins and Green in the Cochrane Handbook

for Systematic Reviews of Interventions.'?
Selection bias (random sequence generation and
concealment of allocation), performance bias
(blinding of subjects and personnel), detection
bias (blinding of researchers conducting outcome
assessments), attrition bias (incomplete outcome
data), reporting bias (selective reporting),
and other sources of bias were all assessed. A
judgement of ‘low risk’ of bias, ‘high risk’ of
bias, or ‘unclear risk’ of bias was made for each
domain. Any disagreements were resolved by
discussion or by involving a third reviewer until
consensus was reached (Figure 2 and 3). There
were insufficient numbers of included studies
to appropriately assess a funnel plot or more
advanced regression-based assessments; hence,
publication bias was not assessed.*

Outcome Evaluation and Meta-Analysis

There was a statistically significant
improvement in depressive symptoms in the
vitamin D supplementation group as compared
to the control group (95% confidence interval:
-0.70 to - 0.08, p = 0.01). Only three studies
were included because one study did not report
the mean and SD, so it was not estimable.'®
Statistical heterogeneity was assessed using the
chi-squared test and I-squared values. Our meta-
analysis showed 0% <I-squared <50 % low orno
heterogeneity.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias

0% 28%, 50% 75%  100%

.Luw risk of bhias

DUncIearriak of hias

[l Hioh risk of bias

Figure 2. Risk of bias graph: review author’s judgements about each risk of bias item presented as percentages across all

included studies
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Fazelian 2013
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bt
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® | ® | ® | ® | sciective reporting (reporting bias)
g

g
® | ® | ®|® | ncomplete outcome data (attrition bias)

® | ® | ® | ® |~iocation concealment (selection bias)

® | ® | ® | ® |Random sequence generation (selection bias)

Raygan 2018

Key:

. : Low Risk

P : Unclear Risk

G

. : High Risk

Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for each included study

Experimental Control

Std. Mean Difference

Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% Cl
MIRZAVANDI 2020 -39 103 25 -1 248 25 31.2% -0.35[-0.94,0.18] 2020

FAZELIAM 2018 -2 438 26 -1.36 407 28 314% -0.15[0.70,0.40] 20149

RAYGAN 2018 -28 38 0 08 21 30 364% -0.61 [1.13,-0.09] -

Total (95% CI) A | 80 100.0% -0.39 [-0.70, -0.08] .

Heterogeneity: Ghi*=1.44, df= 2 (P = 0.49); F=0% 54 52 b é j‘

Testfor averall effect: £=2.44 (P =0.01)

Favours [experimental] Favours [control]

Figure 4. Meta-analysis of Randomised Controlled Trials of the Effect of Vitamin D Supplementation in Improving Depressive

Symptoms in Patients with Type 2 Diabetes Mellitus.

Confidence in Cumulative Evidence

For the effectiveness of treatment, the
confidence in the cumulative evidence was
considered moderate (Table 3). The possibility
that the actual effect may be significantly
different from the estimated effect reduced our
confidence in the efficacy of the treatment effect
estimate.

Potential limitations, such as even rates and
a small sample size, failure to assess compliance,
and a non- representative sample are likely
to reduce confidence in the effect estimate. In
addition, we found disparities in treatment effect
estimates, unexplained heterogeneity in subgroup
analyses, and minimal overlap of confidence
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ranges (CI). Some of'the findings were consistent
with substantial benefit and substantial harm,
implying that imprecision should be rated lower.

DISCUSSION

In this meta-analysis of 3 randomized
controlled trials with a total of 161 subjects,
vitamin D supplementation was significantly
associated with improving depressive symptoms
(p=0.01). All four studies analysed have strong
points and were conducted with a high level of
evidence, adequate duration of therapy, multiple
disguises, proper randomization using computer-
generated randomization, similarities between
groups during baseline, and similarities in the
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Table 3. The three studies included in the meta-analysis were graded using the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) evidence profile for the role of vitamin D supplementation for depression symptoms.

Certainty Assessment Effect
Number of  Study — Risk of Inconsistency Indirectness Imprecision Other Relative Certainty Importance
studies Design Bias v P Considerations  (95%Cl)
Outcome: Depressive symptoms score
Not . . . -0,70 -
3 RCT . Not serious  Not serious Not serious None Moderate Important
serious 0,08

given therapy (high dose of vitamin D). All
studies had similar sample size of around 50—-68
patients. There were a number of patients who
were not available for a follow-up, but none were
attributable to the side effects or complications
of the regimen given. The number of samples was
low due to restrictive inclusion and exclusion
criteria applied to these four studies.

Lower serum vitamin D levels have been
linked to an increasing risk of depression.
Depressive symptoms in those with very low
vitamin D levels could be alleviated with
vitamin D supplementation.?*-* Vitamin D
supplementation increased the well-being in
three pilot studies, and symptoms of depression
were reduced when high doses of vitamin D3
(100 mcg per day) were given for 1 to 3 months.?

The studies by Raygan et al.'” and Omidian
et al."® showed that vitamin D supplementation
led to significant improvement in depressive
symptoms compared to placebo. In contrast,
the study by Fazelian et al.'® and Mirzavandi
et al.? resulted in no statistically significant
decrement of depression scores between
groups. Nevertheless, the study by Mirzavandi
et al. used non-experimental groups rather than
the placebo group — control groups were not
given intervention. This methodology makes
the blinding process impossible to carry out,
which may lead to an increasing risk of bias.?
Moreover, the study by Fazelian et al. stated that
according to the within-group analysis, patients
who had a low serum vitamin D level at baseline
had a significant decrement in their depressive
symptoms score.' Therefore, further research to
assess the effect of vitamin D supplementation
on the improvement of depressive symptoms in

patients with low levels of serum vitamin D is
still needed.

The studies results by Omidian et al.'®
and Mirzavandi et al.? is highly applicable
in type 2 diabetes mellitus patients with
depression. Raygan et al.'” did a study in diabetic
patients with the comorbidity of coronary heart
disease, while Fazelian et al."” did a study on
depressed diabetic patients with low, moderate,
or severe anxiety disorder. Nevertheless, the
generalizability of these studies to a larger
population is still questionable since all of the
studies were performed in Iran.

The studies by Omidian et al.'® and Mirzavandi
et al.?* reported that vitamin D supplementation
did not show any significant side effects, while
Raygan et al.!” and Fazelian et al.'” did not report
anything about adverse effects. These findings
show that the benefits of vitamin D are much
greater than the potential losses.

Consistent with the results of our study,
other clinical trials that have different
population samples also showed that vitamin
D supplementation was associated with
improvement of depressive symptoms.?*’ Astudy
by Mozzafari et al. recruited depressed patients
with vitamin D deficiency as their subjects and
found that after 3 months of injected vitamin
D, there was a significant improvement in
depressive symptoms.?® Penckofer et al. reported
a significant effect of vitamin D supplementation
on depressed diabetic women.” A further study
by Penckofer et al. in the Sunshine 2 study
showed that there was a significant improvement
in depressive symptoms in diabetic women
over time, regardless of the vitamin D3 dose.”®
Furthermore, Khoraminya et al. reported that
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vitamin D supplementation as an adjunctive
therapy to an anti- depressant drug was effective.?
Moreover, two cross-sectional studies have also
proved that there is a correlation between low
serum vitamin D and depressive symptoms.3%3!
However, there are some observational studies
that have found no association between these
two variables.*>*

In this systematic review of RCTs, the effect
of vitamin D supplementation was significant for
improvement in depressive symptoms in patients
with type 2 diabetes mellitus. Even though one of
the RCTs showed no significant effect of vitamin
D supplementation, the study did show a possible
trend of depressive symptom improvement by
giving a vitamin D injection. The decrement of
the BDI score was higher in the experimental
group (-3.9 10.3) than in the non-experimental
group (-1.0 2.5) %°

Limitations

To the best of our knowledge, this study is
the first study to review the effect of vitamin
D supplementation on the improvement of
depressive symptoms in type 2 diabetic patients.
Moreover, this systematic review only included
RCTs with a high level of evidence, which
ensured less study bias and was more reliable
in assessing the effectiveness of medical
treatment. In addition, the author also did some
grey literature searching, which minimized the
plausibility of missing evidence.

The limitations of this study include the
questionable generalizability of the findings
because of concentrated patient samples, i.e.,
all studies were conducted in Iran. Furthermore,
even though the included articles were focused
on the effect of vitamin D supplementation on
the improvement of depressive symptoms in type
2 diabetic patients, most of the studies lacked
detailed information on the mechanisms of how
vitamin D may affect depressive symptoms.

Due to the limitations of the study, the
authors provide recommendations as follows:
(1) larger patient samples and more varied
patient demographics since all available studies
were conducted in Iran; (2) more studies that
include within-group analysis, especially based
on the level of serum vitamin D, are highly
recommended to further explore the effect of
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vitamin D; (3) the addition of more different
populations in the next research topic because
the existing studies only examine specific
populations, namely patients with type 2 diabetes
mellitus who do not have complications from
diabetes mellitus; and, (4) the dosing and form
of vitamin D used should be more standardized
for further studies.

CONCLUSION

The results of the systematic review and
meta-analysis demonstrated that vitamin D
supplementation may improve the depressive
symptoms in type 2 diabetic patients.
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