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Abstract

Depression represents the foremost global cause of disability, impacting more than 300 million individuals worldwide.
Nutritional factors such as vitamin D3, magnesium, and zinc have received increasing attention for their potential roles
in mood regulation through effects on neuroinflammation, neurotransmission, and endocrine function; however, clinical
findings remain inconsistent. This systematic review evaluated the effects of vitamin D3 supplementation, alone or
combined with magnesium or zinc, on depressive symptoms in adults, with emphasis on baseline deficiency status
and dosing strategies. A comprehensive search of electronic databases (2000-2025) identified randomized controlled
trials assessing vitamin D3 supplementation with or without magnesium or zinc in adults with depression-related
outcomes. Fifteen RCTs met the inclusion criteria and were qualitatively synthesized. Short-term, high-dose vitamin
D5 regimens (e.g., 50,000 IU weekly or biweekly for 6-12 weeks) were most consistently associated with reductions in
depressive symptoms, particularly among individuals with documented vitamin D deficiency or mild to moderate
depression. Low-dose daily or intermittent supplementation in generally healthy individuals who have adequate or
sufficient vitamin D showed limited benefit. Magnesium co-supplementation improved vitamin D status and selected
inflammatory markers, while zinc supplementation demonstrated mood benefits in specific populations; however,
synergistic effects were inconsistent. Vitamin D3 supplementation appears most beneficial for depressive symptoms
when correcting a confirmed deficiency. High-dose repletion followed by maintenance dosing (600-800 1U/day) with
therapeutic monitoring is reasonable. Magnesium or zinc supplementation should be reserved for documented
deficiencies. Further high-quality RCTs are warranted. Keywords: vitamin D3, magnesium, zinc, mode, depression,
supplementation, randomized controlled trials (RCTs)

Introduction

Depression is a globally prevalent and disabling mood disorder, characterized by persistent sadness, loss of interest,
cognitive impairment, and functional decline. According to the World Health Organization, depression affects more than
332 million people worldwide and is a leading contributor to the global burden of disease.[1] In the United States, the
National Institute of Mental Health reports that approximately 8.3% of adults, over 21 million people, experienced a
major depressive episode in 2021 alone.[2] Depression not only impairs social and occupational functioning but also
increases the risk of chronic diseases, suicide, and economic strain. The annual cost of depression in the U.S. is
estimated at over $210 billion, including both direct and indirect healthcare expenditures.[3] Despite widespread access
to antidepressant medications and cognitive therapies, remission rates remain suboptimal, with treatment-resistant
depression affecting nearly one-third of patients.[4]

The pathophysiology of depression is multifactorial, involving both psychosocial and biological contributors.
Neurobiological models point to disturbances in monoamine neurotransmitters, especially serotonin, norepinephrine,
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and dopamine, as central to depressive symptoms. Inflammation has also been implicated; elevated levels of pro-
inflammatory cytokines such as IL-6 and TNF-a are associated with disruptions in neurobiological processes involved
with depression.[5] Dysregulation of the hypothalamic-pituitary-adrenal (HPA) axis, resulting in hypercortisolemia, is
frequently observed in depressed individuals and contributes to hippocampal atrophy and cognitive
decline.[6] Hormonal fluctuations such as estrogen, progesterone, thyroxine, and triiodothyronine also modulate mood
and may precipitate depressive episodes. Beyond these mechanisms, growing attention has been given to nutritional
deficiencies as modifiable contributors to depression risk, particularly deficiencies in vitamin D3, magnesium, and zinc.

Vitamin D3 (cholecalciferol) plays an essential role in brain development and function. Its receptors and activating
enzymes are widely distributed in brain regions involved in emotion regulation, including the hippocampus and
prefrontal cortex. Biologically, vitamin D3 enhances serotonin synthesis by upregulating tryptophan hydroxylase 2
(TPH2).[7] Epidemiological studies have consistently linked low serum vitamin D levels with higher depressive
symptom burden.[8] Risk factors for vitamin D3 deficiency include limited sun exposure, older age, darker skin
pigmentation, obesity, living in high-latitude regions, and indoor lifestyles.[9] Dietary sources of vitamin D5 are limited,
primarily found in fatty fish (e.g., salmon, sardines), egg yolks, and fortified dairy or plant-based products. According to
the NIH Office of Dietary Supplements, the recommended daily allowance (RDA) for adults ranges from 600-800 U,
but many experts suggest 1000-2000 IU daily for optimal serum levels, particularly in those with baseline
insufficiency.[10]

Magnesium, the second most abundant intracellular cation, is also critical to mental health. It serves as a cofactor in
over 300 enzymatic reactions, including those involved in neurotransmitter production, NMDA receptor regulation, and
HPA axis stabilization. Magnesium exerts antidepressant effects through several mechanisms, including modulation of
glutamatergic transmission via NMDA receptor antagonism, facilitation of serotonergic neurotransmission, and
attenuation of oxidative stress. It also regulates intracellular calcium homeostasis and nitric oxide signaling, thereby
preserving neuronal integrity and preventing excitotoxicity associated with magnesium deficiency.[11] Dietary
magnesium is found in leafy greens, nuts, legumes, whole grains, and seeds; however, modern diets high in processed
foods often lack sufficient magnesium content. Subclinical magnesium deficiency is common, particularly among older
adults, individuals with gastrointestinal disorders, and those with high alcohol intake. The recommended daily intake
ranges from 310-420 mg for adults, depending on age and sex (NIH ODS — Magnesium).[12]

Notably, magnesium plays a synergistic role in vitamin D metabolism. It is required for the enzymatic hydroxylation of
vitamin D in the liver (25-hydroxylase) and kidneys (1a-hydroxylase), as well as for its binding to vitamin D-binding
protein, which is necessary for systemic transport. Without sufficient magnesium, vitamin D3 activation and utilization
are impaired, potentially rendering supplementation ineffective.[13] Despite these mechanistic links, randomized trials
examining the effects of vitamin D; or magnesium on depression have produced mixed results, possibly due to
heterogeneity in study populations, baseline deficiencies, dosage, and intervention duration.

Zinc is an essential trace mineral that supports vitamin D function by stabilizing the vitamin D receptor (VDR) and
enabling proper gene activation. Without sufficient zinc, vitamin D cannot effectively fulfill its physiological roles, even
with normal blood levels.[14] Zinc also plays a role in converting vitamin D to its active form, and vitamin D helps
regulate immune-related zinc transporters, highlighting their synergistic relationship.[15] Clinical studies have shown
that zinc supplementation can boost vitamin D levels and improve mood, especially in postmenopausal women
receiving both nutrients.[16] Together, zinc and vitamin D contribute to immune balance, stress response, and
emotional well-being. However, zinc deficiency remains common due to limited intake or absorption, particularly in
older adults and those with restrictive diets. To address inconsistencies in existing evidence, we conducted this
systematic review evaluating vitamin D3 supplementation, alone or combined with magnesium and zinc, for reducing
depressive symptoms in adults. Through a critical synthesis of RCT data, this review seeks to clarify the therapeutic
potential of these widely available, safe, and low-cost nutrients for improving mental health outcomes.
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Figure 1: Influence of Magnesium and Zinc on Vitamin D3 activation and their impact on mood and depression.
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Methods

A systematic literature search was conducted using PubMed, Google Scholar, Embase, Scopus, Web of Science, and
the Cochrane Library from 2000 to 2025. Search terms included: “vitamin D", “cholecalciferol”, “magnesium”, “zinc”,
“depression”, “mood”, “randomized controlled trial’, and “RCT” using Boolean operators. Initially, 145 results were
identified, and all were tested for eligibility. Of the 145 studies, 15 were selected based on their data regarding vitamin
D3, zinc, and magnesium in relation to depression symptoms and mode. Participant sample sizes and outcome
measures were systematically evaluated to determine the independent effects of vitamin D3 on depressive symptoms.
Further analyses were conducted to assess the combined influence of vitamin D3 with zinc and magnesium on

depression severity and symptom reduction.
Figure 2: Flow chart and Study showing the number of articles identified and included in the study
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Results and Discussion

A total of fifteen RCTs met the inclusion criteria for this systematic review (see Table 1). The goal was set to collectively
investigate the impact of vitamin D3 supplementation with or without concomitant magnesium or zinc on depressive
symptoms in adults. The overall evidence indicates that the efficacy of vitamin D5 supplementation depends on several
key variables: the administered dose, dosing frequency, and participant characteristics. Notably, weekly high-dose
regimens (most frequently 50,000 IU for 6-12 weeks) emerged as the dosing strategy most consistently associated
with improvements in depressive symptoms. Two studies by Penckofer et al. demonstrated significant reductions in
depression and anxiety scores among women with type 2 diabetes receiving weekly high-dose vitamin D3
supplementation.[17] [18] Similarly, Zaromytidou et al. reported sustained improvements in mood outcomes among
elderly adults with prediabetes and vitamin D deficiency during a 12-month intervention.[19] Additionally, an RCT
employing biweekly administration of 50,000 IU vitamin D3 for eight weeks yielded clinically meaningful reductions in
depressive symptoms in individuals with mild to moderate depression.[27] Collectively, these findings suggest that
higher-dose, weekly vitamin D3 supplementation may confer significant antidepressant benefits in individuals with
baseline vitamin D deficiency. This effect is particularly evident in those presenting with mild to moderate depression.

Despite these positive signals, the evidence base remains inconsistent. Several well-designed RCTs have documented
improvements in depressive symptoms with vitamin D3 supplementation in vitamin D-deficient populations, particularly
when higher-dose regimens were used. However, larger trials have failed to demonstrate either a preventive or
therapeutic effect in unselected adult cohorts. This discrepancy underscores the importance of baseline vitamin D
status, dosing strategy, and study population.[20] [21] For instance, Zheng et al. reported significant reductions in
depressive symptoms with monthly administration of 50,000 IU over 24 months, whereas other studies observed no
psychological benefit despite increases in serum 25-hydroxyvitamin D concentrations.[21] [22] [23] In contrast, three
separate trials employing daily supplementation regimens (2,000-5,000 IU/day) consistently increased serum 25(0OH)D
levels but failed to produce significant improvements in depression scores, potentially reflecting placebo effects,
inadequate dosing intensity, or baseline vitamin D sufficiency.[24] [25] [26

Table 1: Studies involving vitamin D3 supplementation with and without other supplementations.
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The potential role of magnesium as a modulator of vitamin D efficacy was explored in three included studies. Abiri et
al. demonstrated that co-supplementation with vitamin D (50,000 IU/week) and magnesium (250 mg/day) for eight
weeks favorably altered selected biomarkers related to neuroinflammation and neurotrophic signaling (including BDNF,
IL-6, and TNF-a). However, there were no statistically significant differences in depression scores between intervention
groups.[28] Similarly, Cheung et al. found that combined supplementation with magnesium (360 mg/day) and vitamin
D (3,000 IU/day) for 12 weeks led to a greater increase in serum 25-hydroxyvitamin D [25(OH)D] concentrations
compared with vitamin D alone, although no significant effects on mood outcomes or inflammatory markers were
detected.[26]

In contrast, Dai et al. showed that magnesium intake alone modulated circulating vitamin D metabolites, with effects
varying by baseline vitamin D status.[29] Additionally, a randomized controlled trial found that magnesium oxide (500
mg/day) administered for eight weeks significantly reduced depression scores in hypomagnesemic patients relative to
placebo.[31] Taken together, these findings suggest that magnesium may support vitamin D metabolism and
downstream physiological activity, particularly in individuals with magnesium deficiency. Although current evidence
does not consistently demonstrate that vitamin D magnesium co-supplementation confers additional clinically
meaningful benefits for depressive symptoms beyond correction of underlying deficiencies.

Zinc has also been investigated as a potentially interactive nutrient within the vitamin D pathway, primarily due to its
role in supporting vitamin D receptor (VDR) structure and downstream gene transcription rather than direct activation
of vitamin D. Evidence for this interaction is limited but suggestive. One randomized trial demonstrated that zinc
supplementation was associated with higher circulating vitamin D3 concentrations in a majority of participants,
suggesting a potential role for zinc in supporting vitamin D status.[16] In another clinical trial involving obese adults,
combined supplementation with vitamin D and zinc was associated with improvements in depressive symptoms.
Notably, both vitamin D and zinc administered individually were also associated with mood improvements.[30] Taken
together, these findings suggest a potential interaction between zinc and vitamin D in influencing serum vitamin D
levels and mood-related outcomes, although the available evidence remains limited and heterogeneous.

These observations align with conclusions from recent meta-analyses of vitamin D supplementation and depressive
symptoms. One meta-analysis found significant reductions in depressive symptoms among individuals with baseline
serum 25(0OH)D concentrations above 50 nmol/L, but not in those with lower baseline levels.[32]. Another meta-analysis
reported a modest overall effect size (Hedges' g = -0.32), with stronger effects observed in individuals with major
depressive disorder or perinatal depression.[33] Subgroup analyses further indicated greater benefit in short-duration
trials (<12 weeks) and with vitamin D doses of at least 2,000 IU/day, whereas minimal effects were observed in healthy
populations without baseline depressive symptoms. Supporting these findings, a randomized controlled trial in pregnant
women showed that daily supplementation with 2,000 IU of vitamin D3 during late pregnancy significantly reduced
perinatal depression scores, and a separate trial in postpartum women reported that biweekly administration of 50,000
IU vitamin D3, with or without calcium, resulted in significant symptom improvements over eight weeks compared with

placebo.[34] [35]

Vitamin D5 is a fat-soluble secosteroid with a relatively long circulating half-life of approximately 15-25 days for its
primary metabolite, 25(OH)D, supporting the feasibility of weekly or biweekly dosing regimens in clinical practice.
Absorption occurs mainly in the small intestine and is enhanced by dietary fat, though adequate absorption is
maintained under typical dietary conditions. Serum 25(0OH)D concentrations above 50 nmol/L (20 ng/mL) are generally
considered sufficient for most individuals, and daily intakes up to 4,000 IU are regarded as safe.[10] [36] Vitamin D
toxicity is rare and typically associated with sustained intakes exceeding 10,000 |U/day.[36] Long-term administration
of 50,000 IU weekly has been reported to be well tolerated in clinical settings, without evidence of hypercalcemia or
renal dysfunction.[37] These pharmacokinetic and safety considerations support the targeted use of higher-dose
vitamin D3 supplementation in deficient or at-risk populations, rather than indiscriminate supplementation in the general
population.


https://www.tandfonline.com/doi/full/10.1080/1028415X.2021.1945859
https://www.sciencedirect.com/science/article/abs/pii/S0899900722000867?via%3Dihub
https://pmc.ncbi.nlm.nih.gov/articles/PMC6693398/#:~:text=The%20relations%20between%20magnesium%20treatment,2%7D%20as%20baseline%2025%28OH%29D%20increased
https://www.sciencedirect.com/science/article/pii/S0899900716302441?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0946672X21000201?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0899900719301844
https://www.sciencedirect.com/science/article/pii/S0165032723012260?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/35816192/
https://pubmed.ncbi.nlm.nih.gov/27544544/
https://www.tandfonline.com/doi/10.1080/1028415X.2019.1707396?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%20%200pubmed
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional/
https://www.mayoclinic.org/drugs-supplements-vitamin-d/art-20363792
https://www.mayoclinic.org/drugs-supplements-vitamin-d/art-20363792
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4821095/

According to the U.S. Food and Drug Administration, the established daily value (DV) for vitamin D is 20 mcg (800 IU)
for adults, generally sufficient for maintenance in healthy individuals.[38] However, clinical management of deficiency
often requires substantially higher doses such as 6,000 IU daily or up to 50,000 IU weekly, especially when serum 25-
hydroxyvitamin D levels fall below 12 ng/mL.[9] When in combination with magnesium or zinc, there was a greater
effect towards depressive symptom alleviation due to the increased activation of vitamin D by these elements.

Conclusion

The evidence from randomized controlled trials, the impact of vitamin D supplementation on depressive symptoms
remains equivocal. Nonetheless, a discernible trend points to potential benefit for individuals with mild to moderate
depression who are vitamin D deficient at baseline. The most pronounced effects were observed in studies enrolling
participants with serum 25-hydroxyvitamin D [25(OH)D] concentrations below roughly 25-30 nmol/L (10-12 ng/mL)
and utilizing higher-dose regimens over a defined repletion period. Importantly, vitamin D is a nutritional supplement
rather than a pharmacologic antidepressant, and thus should not be considered a primary treatment for depressive
disorders. Instead, supplementation should be conceptualized as an adjunctive measure to correct an underlying
nutritional deficit that may contribute to depressive symptomatology. In patients with confirmed deficiency, short-term
repletion with high-dose vitamin D3, such as 50,000 IU weekly for several weeks, effectively restores serum 25(0OH)D
concentrations to sufficiency. This strategy should be undertaken with regular biochemical monitoring to ensure safety
and prevent excessive dosing. Upon achieving adequate vitamin D status, transition to a maintenance regimen,
commonly 800-1,000 IU daily in accordance with U.S. guidelines, can sustain serum levels within the optimal range.
Decisions regarding magnesium or zinc co-supplementation should be guided by laboratory evidence of deficiency;
routine co-administration is not currently supported for individuals with normal micronutrient status, though targeted
correction of deficiencies may enhance the physiological response to vitamin D. Finally, before initiating vitamin D or
any nutritional supplement, patients should consult with a qualified healthcare professional to assess baseline
nutritional status, evaluate potential risks, and ensure appropriate dosing and monitoring. This individualized,
deficiency-guided approach aligns with both the existing clinical evidence and principles of safe supplementation.

Limitations

A small number of RCTs were available, as well as the differing populations. Differences in mental testing scales,
dosing from study to study, and additional supplementation components.
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