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Adjunctive vitamin D replacement is a theoretically promising strategy to improve outcomes in major depression.
Our objective was to assess the efficacy of a single parenteral dose of vitamin D supplementation at baseline as an
adjunct to treatment as usual on change in depression symptom ratings (primary outcome), quality of life and

S{e?rmgﬂamm_atmn clinical severity of illness (secondary outcomes) at the end of 12 weeks when compared to treatment as usual in
ajor depression . . . . . . . o P Py .
Vitjamin g patients with major depression and concurrent Vitamin D deficiency. Eligible participants were randomized to

receive either treatment as usual (TAU; n = 23) or TAU plus single parenteral dose of 3,00,000 IU of vitamin D (n
= 23) at baseline. Rater-blinded assessments of depression (primary outcome), quality of life (QoL) and clinical
severity of illness were obtained at baseline, and end of follow-up (12 weeks). Intent-to-treat analyses were
performed on the entire randomized sample. The intervention significantly improved depression symptom rat-
ings, quality of life and clinical severity of illness at the end of the treatment phase. These findings indicate that a
single parenteral dose (3,00,000 IU) of adjunctive vitamin D replacement at baseline is an effective and well
tolerated intervention in major depressive disorder with concurrent Vitamin D deficiency. Additionally, it points
to a possible role for vitamin D in the pathophysiology of depression and supports personalized approaches for

Randomized controlled trial

treatment of major depressive disorder.

1. Introduction

The treatment of major depressive disorder (MDD) continues to pose
an enormous challenge to clinicians. According to data from the
Sequenced Treatment Algorithm to relieve Depression (STAR*D) trial,
only 37% of patients with major depression remit with the first anti-
depressant trial with increasing treatment resistance noted for subse-
quent anti-depressant trials (Rush et al., 2006). This means that nearly
two-thirds of patients with MDD do not have a satisfactory response to
anti-depressants. The impact of partial or non-response in MDD include
biological, humanistic and economic consequences such as increased
risk of structural brain changes, neuroprogression, relapse, poor quality
of life, work absenteeism and productivity losses to the tune of over 50
billion dollars annually (Israel, 2010; Lorenzetti et al., 2009; Mauskopf
et al., 2009; Moylan et al., 2013; Zajecka et al., 2013). This indicates the
importance of “early optimized treatment” in depression.

* Corresponding author.

One such strategy that has been receiving increasing clinical and
research attention, of late, is supplementing vitamin D in the acute
phases of depression. Biologically, vitamin D deficiency may predispose
to depression through its effects on neuronal calcium homeostasis, im-
mune system signalling as well as gene and protein expressions (Ber-
ridge, 2017; White, 2012). These processes augment inflammatory
responses that may have “depressogenic” effects (Felger, 2018; Mangin
et al.,, 2014). Juxtaposing these findings together with the known
anti-inflammatory properties of vitamin D (Hashemi et al., 2018; Liu
et al.,, 2018), a strong case can be made for vitamin D as a potential
adjunctive therapy for MDD.

Existing studies, thus far, show conflicting evidence for the thera-
peutic efficacy of supplemental vitamin D on depressive symptoms
(Bertone-Johnson et al., 2012; Dean et al., 2011; Jorde et al., 2008).
Lessons from a failed trial on patients with non-remitted MDD support
designing trials that evaluate vitamin D as an adjunct to standard
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treatment in MDD as this may pre-empt issues of confounding with high
rates of co-morbidity and multiple medications (Aucoin et al., 2018).
Clinical heterogeneity among subjects with respect to vitamin D status
or depression could also impact findings (Menon et al., 2020; Spedding,
2014).

The present study is designed to add to the ongoing discussion in this
area with two key methodological additions informed by evidence;
firstly, we study only subjects clinically diagnosed with major depres-
sion and concurrent vitamin D deficiency (Menon et al., 2020) and
secondly, we attempt to minimize possible issues with compliance by
using single dose parenteral vitamin D supplementation (300,000 IU)
(Mozaffari-Khosravi et al., 2013; Zanetidou et al., 2011).

We aimed to assess the efficacy of a single parenteral dose (300,000
IU) vitamin D supplementation (intervention) at baseline as an adjunct
to treatment as usual on change in depression symptom ratings (primary
outcome), quality of life and clinical severity of illness (secondary out-
comes) at the end of 12 weeks when compared to treatment as usual in
depressed patients with concurrent Vitamin D deficiency.

2. Material and methods
2.1. Setting, design and participant selection

This was a double-blind randomized parallel arm placebo-controlled
trial carried out in collaboration between the departments of Psychiatry,
Biochemistry and Endocrinology at Jawaharlal Institute of Postgraduate
Medical Education and Research (JIPMER), Puducherry, India. JIPMER
is a centrally funded university hospital in South India providing highly
subsidized medical care to service users.

The department of Psychiatry at the institute is a typical general
hospital psychiatry unit and offers both outpatient and inpatient ser-
vices. All patients attending the walk-in clinic are evaluated in two
sequential steps; initially they are screened by a senior resident (quali-
fied psychiatrist equivalent to registrar) for psychiatric morbidity and
immediate management is offered to those who need it. Subsequently,
they are evaluated in detail by a post graduate trainee on appointment
basis, after which the case is discussed with the consultant psychiatrist
to formulate the case from a diagnostic and management standpoint.

Between October 2017 to April 2019, we assessed all consecutive
subjects aged between 18 and 65 years who were diagnosed with major
depressive disorder using DSM-5 criteria (American Psychiatric Associ-
ation, 2013) for their eligibility to be included into the study. In all of
them, the diagnosis was additionally confirmed using M.I.N.I (Mini in-
ternational neuropsychiatric interview)-Plus 6.0 (Sheehan et al., 1998).
For inclusion into the study, patients should have had assay positive
vitamin D deficiency (defined as Serum 25-hydroxyvitamin D < 20
ng/mL) (Rosen et al., 2012), should not have been exposed to
anti-depressants in the last 6 weeks and had to provide written informed
consent. We excluded pregnant or lactating mothers, people with known
cardiovascular, renal and hepatic diseases or those on vitamin D or other
nutritional supplements in the last 3 months. Patients with clinical
manifestations of vitamin D deficiency were also excluded due to ethical
reasons.

Ethical clearance was obtained from the Institute Human Ethics
Committee (IEC). Trial registration was done with the Clinical Trial
Registry of India (CTRI) [CTRI/2017/09/009824].

2.2. Assessments

Following strict aseptic precautions, 3 ml venous sample was drawn
for assessing 25-hydroxyvitamin D status from all subjects with major
depression prior to initiating any treatment. Subsequently, they were
rated at baseline on the following outcome measures by a blinded rater:

1. Hamilton Depression rating scale-17 (HDRS-17) (Hamilton, 1960)
(primary outcome) — This is a clinician administered questionnaire
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widely used to rate the clinical severity of depression, as well as a
guide to evaluate recovery. Each of the 17 items on the questionnaire
is scored either on a 3-point or 5-point Likert type scale. A score of
0-7 is considered to be within normal range (or clinical remission)
while the following severity ranges have been posited: mild depres-
sion (8-16); moderate depression (17-23); and severe depression
(>24).

2. Quality of Life Enjoyment and Satisfaction Questionnaire-Short Form
(QLES) (Endicott et al., 1993) (secondary outcome) - This 16-item
self-report measure is designed to assess the degree of satisfaction
or enjoyment experienced by the respondent in the past week. [*]
The total score for the first 14 items is calculated and expressed as a
percentage of the maximum score of 70. The last two items are
standalone items and are not included in the overall scoring. The
scale has robust psychometric properties (Cronbach’s alpha 0.9 and
test-retest reliability of 0.86) and has previously been used to assess
the quality of life impairment in depressed subjects (Endicott et al.,
1993; Rapaport et al., 2005).

3. Clinical Global Impression (CGI) severity of illness (CGI-S) (Guy,
1976) (secondary outcome) - It is a 3-item observer-rated scale which
measures the severity of illness, global improvement or change, and
therapeutic response. It asks the clinician to rate the patient relative
to past experience with other patients with the same diagnosis.

Subsequent to the above assessments, patients were initiated on anti-
depressants and other elements of standard care (including psycho-
therapy) as appropriate by an independent physician not involved in
other aspects of the study.

The blood samples were assessed by chemiluminescence using
Beckman Coulter DXI Chemiluminescent Assay System, which uses a
closed kit. Assays were done in duplicate to increase reliability and
validity of measurement. All individuals with normal vitamin D levels
were excluded from further aspects of the trial (Serum 25-hydroxyvita-
min D > 20 ng/ml) (Rosen et al., 2012). They continued to receive
routine care as appropriate from the mood disorder follow-up clinic.

Included study participants (those with depression and vitamin D
deficiency) were randomized into intervention or control groups using a
computer-generated random number sequence. A stratified permuted
block design was used to ensure balanced allocation of inpatients and
outpatients between groups; this was because we believed that inpatient
versus outpatient status could influence prognosis. The block size was
uniformly set at four. Allocation concealment was effected using
sequentially numbered opaque sealed envelopes that were maintained
by an investigator who was not involved in any other aspect of the study.

Next, the intervention group received 300,000 I.U. of cholecalciferol
(Arachitol) injection (intervention) while the control group received 1
ml normal saline injection (placebo), both given intramuscularly in the
gluteal region. Following this, all participants were advised to come
regularly to the mood disorder follow-up clinic to collect their drug
refills once in three weeks which is part of standard care. During their
outpatient visits, patients were enquired about adverse effects due to the
intervention and given instructions to maintain regular follow-up. For
those who did not present themselves physically for follow-up despite
these instructions, two telephonic reminders were given three days
apart. No further reminders were sent to those who did not respond.

At 12 weeks (1 week), rater-blinded assessments were re-obtained
for primary and secondary outcome measures. For those who did not
follow-up physically, telephonic assessments using mobile phone-based
voice calls were used to obtain outcome measures data. Additionally,
adherence to anti-depressant medications were assessed at follow-up
using the four-item Morisky Green Levine Medication Adherence Scale
(MGLS) (Morisky et al., 1986). The scale scores range from 0 to 4 with
each item eliciting a yes/no response. High, medium and low adherence
has been defined as 0, 1-2 and 3-4 respectively.

At the end of the study (12 weeks), change in outcome parameters
was computed and compared between groups. For in-patients, the same
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procedure and periodicity were followed for data collection until
discharge, after which they were followed up as outpatients till the end
of 12 weeks. Following the completion of study period, vitamin D in-
jections were provided to control group participants as part of post-trial
responsibilities of the investigator.

2.3. Sample size calculation

Using a power of 90% and precision level of 5%, a sample size of 19
was required in each group to detect an expected mean difference of 7.2
(Standard Deviation (SD)1 = 3.8 and SD2 = 8.7) between the two groups
on primary outcome measure (HDRS-17) based on previous studies
(Mozaffari-Khosravi et al., 2013), using open source OpenEpi software
version 3.01. To account for lost to follow-up, 23 subjects (all with assay
positive vitamin D deficiency) were recruited in each group (total n =
46).

2.4. Statistical analysis

Mean with standard deviation or median with interquartile range
was used to express continuous variables depending on normality of
data, assessed by the Shapiro-Wilk test. Categorical variables were
depicted using frequencies and percentages. Comparison of continuous
and categorical variables at baseline between groups was done using
independent samples t-test/Mann-Whitney U test and chi-square test
respectively. Adherence scores were dichotomized as low or high
(including medium and high). Bivariate correlation (pearson r or
spearman rho, based on distribution of data) was used to assess corre-
lation between baseline vitamin D status and clinical severity of
depression.

Primary analysis examined the Intention-to-treat (ITT) sample,
defined as every subject initially randomized irrespective of protocol
deviations or attrition. Two sensitivity analyses were planned a priori;
first, examining the completer samples and second, excluding telephonic
follow-ups. Missing values for dropouts were imputed using the last
observation carried forward method (LOCF).

Change scores for outcome measures were computed by deducting
the 12-week score from the baseline score. Analysis of covariance
(ANCOVA) of these change scores was performed to identify the effect of
group assignment on outcomes, while simultaneously controlling for the
effect of baseline scores.

3. Results
3.1. Sample description (Table 1)

Age of the sample (n = 46) ranged from 18 to 63 years. The mean age
(standard deviation) was 35.9 (+11.6) years. The sample predominantly
comprised of subjects aged less than 40 years (n = 29, 63.0%). Table 1
depicts the demographic and clinical description of the sample. No
differences were noted between the intervention and control groups, at
baseline, on either the socio-demographic, clinical or outcome param-
eters (data available from authors on request). Nine participants had
medical co-morbidities such as anaemia (n = 3), hypothyroidism (n =
2), osteoarthritis (n = 1), optic atrophy (n = 1), poliomyelitis (n = 1) and
post-cerebrovascular accident (n = 1). Alcohol use disorder and nicotine
use disorder were seen in three and two participants respectively.

3.2. Sample disposition (Fig. 1)

The flow of patients throughout the study period is shown in Fig. 1. A
total of 86 patients with major depression had to be screened in order to
get 46 eligible and consenting participants. At the end of the study (12
weeks), 4 participants had dropped out; 1 and 3 from the intervention
and control groups, respectively. The proportion of patients who drop-
ped out were comparable between groups (32 = 0.13, p = 0.72). At
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Table 1
Demographic and clinical description of the sample.

Variable Cases (n = 23) Controls (n = 23)
Age (years)* 36.2 (12.3) 35.8 (11.2)
Gender Male 6 (26.1%) 9 (39.1%)
Education® 8 (6-13) 9(7-12)
Occupation Employed 7 (30.4%) 8 (34.8%)
Marital status Married 19 (82.6%) 16 (69.6%)
Socio-economic status
Low 13 (56.5%) 15 (65.2%)
Domicile Rural 18 (78.3%) 14 (60.9%)
Medical co-morbidity 3 (13.0%) 6 (26.1%)
Substance dependence 1 (4.3%) 4 (17.4%)
Diagnosis
Severe Depression 8 (34.8%) 6 (26.1%)
Recurrent Depression Yes 3 (13.0%) 7 (30.4%)
Inpatient Yes 4 (17.4%) 4 (17.4%)
Lifetime h/o Suicide attempt

5 (21.7%) 4 (17.4%)
Body mass index 21.9 (4.2) 23.8 (5.6)

Time spent outdoors® (min/week)

30.0 (22.5-63.7) 37.5 (25.0-43.7)

Adherence Low 4 (18.2%) 3 (15.0%)
Antidepressant

Fluoxetine 22 (95.7%) 19 (82.6%)
Amitryptiline 1 (4.3%) 0 (0.0%)
Escitalopram 0 (0.0%) 3(13.0%)
Mirtazepine 0 (0.0%) 1 (4.3%)

Values expressed as *mean (standard deviation), *median (interquartile range)
or frequency (%).

Table 2
Depression scores across the study in intervention versus control groups.

Depression scores Intervention Control t or U, df, P-value
Baseline 19.4 (+4.0) 17.44 (£3.1) —1.92, 44, 0.061
Three months 3.0 (2.0-4.0) 5.0 (3.2-8.0) 89.00, 40, 0.001*

Values for intervention and control groups are mean (standard deviation) or
median (interquartile range); Comparisons done using independent student t-
test or Mann-Whitney U test; *significant at p < 0.05.

Table 3

Quality of life scores across the study in intervention versus control groups.
Quality of life scores Intervention Control t, df, P-value
Baseline 27.6 (£5.7) 30.6 (+6.0) 1.71, 44, 0.095
Three months 50.9 (+£7.1) 42.1 (+£6.1) —4.48, 40, <0.001*

Values for intervention and control groups are mean (standard deviation);
Comparisons done using independent student t-test; *significant at p < 0.05.

Table 4
Clinical severity of illness scores across the study in intervention versus control
groups.

Clinical severity of illness Intervention Control t or U, df, P-value

scores

Baseline 5.4 (£0.9) 5.1 (+0.7) 1.71, 44, 0.095

Three months 1.0 (1.0-2.0) 3.0 90.50, 40,
(2.0-4.0) <0.001*

Values for intervention and control groups are mean (standard deviation) or
median (interquartile range); Comparisons done using independent student t-
test or Mann-Whitney U test; *significant at p < 0.05.

follow-up, no between-group differences were noted in adherence to
oral anti-depressants (y2 = 0.11, p = 0.75).

There were no significant baseline differences between completer
and lost to follow-up groups on demographic, clinical or outcome pa-
rameters (data available from authors on request). Physical follow-up
data were available for 32 out of 42 study completers while
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Fig. 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram for the trial.
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Fig. 2. Depression symptom ratings across the study in the intervention and
control groups.

telephonic follow-up data were available for the remaining 10. No major
adverse effects were reported by any of the participants.

3.3. Correlation between vitamin D status and depression at baseline
Serum 25-hydroxyvitamin D levels, at baseline, did not significantly
correlate with baseline depression ratings, both among the total

screened sample (n = 85, Pearson r = —0.06, p = 0.59) as well as
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included trial participants (n = 46, Spearman’s rho = 0.26, p = 0.076).

3.4. Primary outcome: depression (Table 2, Fig. 2)

The intervention was associated with significant improvement in
depression scores at the end of 12 weeks in the ITT (F = 11.55, df = 1,44,
p = 0.001, partial eta square = 0.21) as well as the completer analysis (F
=12.93, df = 1,40, p = 0.001, partial eta square = 0.25). This finding
showed that the adjunctive vitamin D intervention was effective in
improving depression symptom ratings among the cases. The results
continued to remain significant in the sensitivity analysis excluding
telephonic follow-ups (F = 7.01, df = 1,30, p = 0.01, partial eta square
=0.12).

3.5. Secondary outcome: quality of life (Table 3)

The intervention was associated with significant improvement in
quality of life scores at the end of 12 weeks in both the ITT (F = 28.06, df
= 1,44, p < 0.001, partial eta square = 0.39) and completer analysis (F
= 34.35, df = 1,40, p < 0.001, partial eta square = 0.47). This finding
showed that the adjunctive vitamin D intervention was effective in
improving the quality of life among the cases. The findings continued to
remain significant in the sensitivity analysis excluding telephonic
follow-ups (F = 27.24, df = 1,30, p < 0.001, partial eta square = 0.48).

3.6. Secondary outcome: clinical severity of illness (Table 4)

The intervention was associated with significant improvement in
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clinical severity of illness (depression) at the end of 12 weeks in both the
ITT (F = 14.41, df = 1,44, p < 0.001, partial eta square = 0.25) and
completer analysis (F = 14.97, df = 1,40, p < 0.001, partial eta square =
0.28). This finding showed that the adjunctive vitamin D intervention
was effective in improving the clinical severity of illness among cases.
The findings continued to remain significant in the sensitivity analysis
excluding telephonic follow-ups (F = 34.02, df = 1,30, p < 0.001, partial
eta square = 0.54).

4. Discussion
4.1. Summary of findings

A single parenteral dose of 300,000 IU of vitamin D supplementation
was effective in improving depression symptom ratings at the end of 12
weeks among subjects with major depression and concurrent vitamin D
deficiency. Further, the intervention also significantly improved quality
of life and clinical severity of illness ratings.

4.2. Interpretation of findings

Previous studies (Jorde et al., 2008; Kjergaard et al., 2012; Yala-
manchili and Gallagher, 2012), all of them examining the effects of oral
vitamin D supplementation on depressive symptoms, have shown con-
flicting results. These differences could be attributed to variations in
study design, sample characteristics (clinical vs. non-clinical depres-
sion), vitamin D status (normal vs. deficient vs. insufficient), study
setting (hospital vs. community based), age group studied, dose, dura-
tion and frequency of vitamin D supplementation as well as outcome
measures used.

Interestingly, four randomized controlled trials (RCT) (Khoraminya
et al., 2013; Mozaffari-Khosravi et al., 2013; Sepehrmanesh et al., 2016;
Wang et al., 2016), that examined the effects of supplemental vitamin D
in clinical depression, showed clinical benefits ranging from a low to
moderate effect size while two RCT’s (Choukri et al., 2018; Jorde and
Kubiak, 2018), which studied non-clinical subjects, were negative.

The one prior study, which also examined effect of parenteral sup-
plementation of vitamin D in clinical depression, noted positive results
(Mozaffari-Khosravi et al., 2013). However, in this study, subjects were
not concurrently given anti-depressants. In fact, those who had to be
initiated on anti-depressants after entering the study were excluded
from final analysis. Therefore, it is possible that many participants might
had milder varieties of depression, or, at the very least, may have been
clinically heterogenous with respect to severity of depression, unlike our
sample. The present study builds on these results by demonstrating a
clinical benefit of parenteral vitamin D over and above standard
anti-depressant therapy, which is a finding of clinical relevance.

Our findings, when combined with the results of three meta-analyses
(Gowda et al., 2015; Spedding, 2014; Vellekkatt and Menon, 2019) on
effect of vitamin D supplementation in depression, indicate that vitamin
D supplementation in depression may be most effective in clinically
depressed subjects with co-morbid vitamin D deficiency. In other words,
just as inflammation and anti-inflammatory agents may not be relevant
for all cases of depression (Amodeo et al., 2017; Berk et al., 2013;
Krishnadas and Cavanagh, 2012), there appears to be a sub-group of
depressed patients in whom vitamin D supplementation may be more
effective. This presents significant opportunities for researchers.

Another pertinent issue is that of compliance with oral vitamin D
supplementation regimens which may warrant daily or weekly dosing.
Sub-optimal adherence to psychiatric and medical treatments is sub-
stantial in major depression (DiMatteo et al., 2000; Martin-Vazquez,
2016). Some of the previous vitamin D trials in depression with negative
results have shown inadequate rise or fall in vitamin D levels
post-intervention, partly attributed to poor adherence (Spedding, 2014).
This issue can be mitigated, to an extent, with single dose parenteral
supplementation regimens.
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No correlation was observed between baseline vitamin D levels and
clinical depression ratings. In this regard, findings from literature mostly
support an inverse correlation between vitamin D concentration and
depression (Anglin et al., 2013); however, negative studies (Chan et al.,
2011; Pan et al., 2009) also exist. Small sample size and preponderance
of younger patients (in whom, the relationship is weaker [Parker et al.,
2017]1) in our sample may be potential reasons for this unexpected
finding. In addition, this was not a population-based study and prior
hospital-based studies have shown conflicting results in this regard
(Schneider et al., 2000). Nevertheless, given that the two available
negative studies were also from similar monsoon-influenced tropical
regions, the role of geographical factors in moderating the association
between vitamin D and depression must be considered.

Not many prior studies have assessed quality of life as an outcome
variable while studying the effect of adjunctive vitamin D supplemen-
tation in major depression. More than a decade ago, a review suggested
that treatment of deficient vitamin D levels in persons with depression
could potentially improve health outcomes and quality of life (Penckofer
et al., 2010). More recent reviews have reported a lack of benefits for
vitamin D supplementation on quality of life; however, in clinical pop-
ulations, they do appear to have some benefits (Hoffmann et al., 2015).
These observations tally with the beneficial effects of supplemental
vitamin D on quality of life in major depression found in the present
study. More studies are needed to assess the effect of vitamin D on
quality of life in major depression and whether these effects are age and
gender-specific.

4.3. Limitations and strengths of the study

First, this was a single centre trial carried out at a tertiary care centre
and the results may not necessarily generalize to other settings. Second,
we have not assessed post-trial vitamin D status of the participants and
are, therefore, unable to comment on the association between change in
vitamin D status and clinical improvement noted. This may have given a
more complete picture about the role of intervention in clinical
improvement and must be addressed by future investigators. In this
regard, investigators may also consider assessment of serum calcium and
phosphorus levels; this would be useful in understanding whether the
effects of vitamin D on the brain are independent of the homeostatic
pathways that regulate serum calcium and phosphorus. Third, the
durability of the observed therapeutic benefits is unanswered as the trial
was for a relatively short duration. Fourth, the primary outcome mea-
sure (HDRS-17) used in the study has many items that refer to somatic
symptoms. It is probable that these symptoms may have preferentially
responded to the vitamin D supplementation and this may have
contributed to the observed improvement. Future research must assess
improvements in other symptom dimensions of depression, such as
cognition, as this will give a better understanding of the mechanistic
pathways that underlie the observed therapeutic benefits of adjunctive
vitamin D in major depression.

Study strengths include design, stratification for locus of treatment in
depression and a priori power calculation. We studied only patients with
concurrent major depression and vitamin D deficiency; an approach
suggested previously (Menon et al., 2020). The intervention was a
one-time parenteral injection given under supervision thus eliminating
issues with adherence. Adherence to oral antidepressants was assessed
using a standardized scale and were comparable between groups.
Further, a placebo response is ruled out because the control group
received an identical placebo injection.

4.4. Study implications and conclusion

Drawing upon our findings, we offer a few recommendations for
future vitamin D supplementation trials in major depression. In-
vestigators must attempt to enrich their sample with clinically depressed
subjects who also have laboratory proven vitamin D deficiency. A single
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parenteral dose of 300,000 IU of vitamin D may be considered to
minimize issues with compliance. Given the anti-inflammatory proper-
ties of vitamin D (Liu et al., 2018), researchers must make efforts to
concurrently study inflammatory markers in order to uncover potential
mediators of the observed benefits in depression. Finally, given the
neuroprogression associated with residual depressive symptoms (Voy-
lan et al., 2013), there may be scientific merit in considering adjunctive
vitamin D supplementation as a therapeutic step-up strategy in patients
with first episode depression and co-morbid vitamin D deficiency.

To conclude, a single parenteral dose of 300,000 IU of vitamin D is an
effective adjunct in the treatment of major depression and improves
depression symptom ratings as well as quality of life in the short term.
Hence, this may be a viable step-up strategy to enhance treatment gains
in major depression with concurrent vitamin D deficiency. These
encouraging preliminary findings warrant replication across settings
and longer periods of follow-up as well as identification of patient
subgroups most likely to benefit from these approaches.

Registration number for clinical trials

The clinical trial protocol was registered with the Clinical Trials
Registry of India (CTRI) with registration no CTRI/2017/09/009824.
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