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Background: In older adults, depression is associated with several other clinical problems such as cognitive impairment and low quality of life. Several studies have evaluated the relationship between vitamin D and depression in older adults; however, the results have been controversial thus far.

Objective: This study aimed to investigate the effects of vitamin D supplementation on depressive symptom improvement among individuals aged ≥60 years with or without a diagnosis of depression or depressive symptoms based on a meta-analysis of randomized controlled trials (RCTs).

Methods: RCTs were identified to analyze the relationship between vitamin D supplementation and depressive symptoms. MEDLINE, CENTRAL, Embase, and PsycINFO were systematically searched for relevant articles published from inception to November 2022. RCTs that evaluated the effect of vitamin D supplementation in participants aged ≥60 years compared to placebo were included. A random effects model was used in this meta-analysis because of the differences between the included RCTs. The quality of the RCTs was assessed using Risk of Bias 2.

Results: Seven trials were included in the analyses. The primary outcome of pre-post score changes included five trials with a total of 752 participants. The secondary outcome of post-intervention score included all seven trials with a total of 4,385 participants. No significant improvement in depressive symptoms in either pre-post score changes [standardized mean difference (SMD) = −0.49; 95% confidence interval (CI) −1.07–0.09; p = 0.10] or post-intervention score (SMD = −0.10; 95% CI −0.28–0.07; p = 0.25) was found.

Conclusion: Vitamin D supplementation in older adults was not associated with an improvement in depressive symptoms. More studies in older adults are needed to evaluate the association between vitamin D supplementation and depression.
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1. Introduction

The increasing number of older adults worldwide presents a challenge for the health and social systems. The pace of the demographic shift is accelerating, with an estimated population of older adults of 2.1 billion by 2050 (1). The gradual decline in mental and physical capacity increases the occurrence of chronic diseases, forming complex health conditions called geriatric syndromes (1). The estimated prevalence of depression differs by age; however, WHO estimated the depression in older adults to range between 10 and 20% (2). Depression is often underdiagnosed and undertreated owing to the co-existence of other health problems that may increase the risk of cognitive impairment, suicidal thoughts, and low quality of life (3, 4). Multiple risk factors other than co-existing health problems may exacerbate depression in older adults, such as a decline in daily activities, changes in socioeconomic status, chronic physical pain, and loss of a loved one (3, 5). Moreover, struggles with many life stressors may induce isolation and loneliness in older adults (3).

Various safe and effective pharmacotherapies are available for treating depression. Medications such as selective serotonin reuptake inhibitors, tricyclic antidepressants, and antipsychotics are widely administered to control depressive symptoms (6). For optimal treatment, many factors must be considered, such as drug metabolism, pharmacokinetic and pharmacodynamic changes in older adults, drug–drug interactions with concurrent medications, and side effect profiles (5–7). Although monotherapy is preferred to minimize adverse effects and increase compliance, only 40 percent of the patients respond fully to the first agent (6). Non-responders need to change to a different class or add a second agent to achieve benefits (6). However, susceptibility to side effects is a concern for older adults owing to concurrent medications and diseases (7). Therefore, an adjuvant therapy that is safer and helps control depressive symptoms could be a good option for older adult patients.

The role of vitamin D has expanded beyond calcium and bone health, as a result of the discovery of vitamin D receptors (VDRs) in the brain, particularly in the hypothalamus (8, 9), which is involved in the pathophysiology of depression. In the brain, vitamin D3 is converted into its active form (1,25(OH)D) by 1-alpha-hydroxylase (8), which may be associated with neuroprotective properties (10). The imbalance of monoamine neurotransmitters such as serotonin, dopamine, and norepinephrine in the brain is closely related to depression (11). Vitamin D deficiency can decrease the synthesis of these neurotransmitters and downregulate the gene expression of tyrosine hydroxylase, an enzyme involved in the synthesis of dopamine and norepinephrine, leading to the development of depression (11–13). A recent in vivo study suggested that 1,25(OH)D mimics antidepressants by inhibiting serotonin reuptake and the gene expression of monoamine oxidase-A in cultured rat serotonergic neuronal cell lines (14). Despite supporting evidence from preclinical studies demonstrating the role of vitamin D in depression, the efficacy of vitamin D supplementation in the older population remains unclear.

Although vitamin D can be endogenously produced through the skin by sun exposure and obtained from dietary sources, vitamin D deficiency is common in older adults mainly due to reduced nutritional intake, limited outdoor activities, and poor skin integrity (15). Vitamin D intake from food is limited owing to few naturally-occurring vitamin D-rich food sources (16). In addition, Irandoust et al. (12) reported that incorporating vitamin D supplementation with physical activity could lead to greater improvements in vitamin D levels and depressive symptoms among women with obesity and depression compared to physical activity alone. Considering these aspects, vitamin D supplementation in older adult patients may be a safe and cost-effective adjuvant therapy for depressive symptom control. Vitamin D supplementation for older adults is recommended because vitamin D deficiency is closely related to depression. Recent evidence suggests that vitamin D deficiency causes a higher burden of depressive symptoms (17), and older patients with depression have low levels of vitamin D (18). In recent decades, many studies have evaluated the relationship between vitamin D and depression, especially in adults; however, the results are controversial. Previous systematic reviews and meta-analyses in adults showed no effects in alleviating depressive symptoms (19, 20). Recently, Albuloshi et al. (13) found that high-dose vitamin D supplementation reduced depressive symptoms in comparison to low vitamin D doses in adults aged ≥18 years. Some randomized controlled trials (RCTs) have demonstrated the positive effects of vitamin D supplements on depression (21, 22), whereas others showed no effects (23, 24). In their recent meta-analysis, Li et al. reported an association between depression and serum vitamin D levels in older adults; however, they did not evaluate the effectiveness of vitamin D supplementation (25). Although there are many studies published on the current topic, none of the systematic reviews and meta-analyses of RCTs addressed the efficacy of vitamin D supplementation on depression in older adults. Therefore, this study aimed to perform a meta-analysis to evaluate the efficacy of vitamin D in improving depressive symptoms in older adult patients.



2. Methods

This study followed the guidelines recommended by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) (Supplementary Table S1) (26). The study protocol is available from the PROSPERO database (CRD42022311841). Two authors (YP and YMY) independently performed the literature search, study selection, data extraction, and bias assessment. A third investigator (Y-MA) resolved any discrepancies between authors.


2.1. Search strategy

The MEDLINE, Embase, CENTRAL, and PsycINFO databases were searched for RCTs that evaluated the association between vitamin D supplementation and depressive symptoms. Relevant studies and search terms were explored from inception to November 30, 2022, using medical subject heading on each database as follows: “aged,” “vitamin D,” “depression,” and “randomized controlled trials.” The following keywords were searched in the databases to identify eligible studies: “aged,” “elder*,” “senior,” “older people,” “later life,” “vitamin D,” “vitamin D*,” “cholecalciferol*,” “calciferol*,” “depression,” “depressive disorder,” “involutional psychoses,” “involutional melancholia,” “randomized controlled trial,” “controlled clinical trial,” and “trial.” The complete search strategy is presented in Supplementary Table S2.



2.2. Study selection

Studies were considered eligible if they met the following criteria: (1) population: participants aged ≥60 years with or without depression; (2) intervention: administration of vitamin D supplements; (3) comparison: placebo therapy; (4) primary and secondary outcomes: pre-post score changes and post-intervention score; and (5) study design: RCTs. The following studies were excluded: (1) non-human studies, including animal and in vitro studies; (2) non-randomized studies or case reports; (3) reviews, meta-analyses, or ongoing studies; (4) studies available only in the form of abstracts or posters; and (5) studies published in languages other than English.



2.3. Data extraction and quality assessment

Eligible studies were reviewed, and the following data were extracted using a standardized extraction form: first author, publication year, country, inclusion criteria, vitamin D dosing regimen, depression assessment scales, follow-up duration, number of participants, age, sex, baseline level of vitamin D, number of patients with current depression, and depression scores. Serum concentrations of vitamin D in nanomoles per liter (nmol/L) were converted into nanograms per milliliter (ng/mL) (27). Additionally, vitamin D dosage units were converted into international units per day (IU/day) to ensure data consistency.

The Risk of Bias 2 (ROB 2) tool (28) was used to conduct a quality assessment of each included RCT. The tool is structured into five domains of bias as follows: (1) bias arising from the randomization process; (2) bias due to deviations from the intended interventions; (3) bias due to missing outcome data; (4) bias in the measurement of the outcome; and (5) bias in the selection of the reported results. The judgement of risk of bias was based on responses to all questions in each domain (28). The overall risk of bias was evaluated as low, high, or some concerns. Any disagreements were resolved through discussion.



2.4. Study outcomes

The primary study outcome was to evaluate the pre-post score changes (change of scores from the baseline) by pooling standardized mean difference (SMD). The post-intervention SMD was evaluated as a secondary outcome to find the association between vitamin D supplementation and depressive symptom improvement. The following depression assessment scales were used to measure depressive symptoms: Center of Epidemiological Studies Depression Scale (CES-D), a score of 16 or greater was an indication of depressive symptoms; Geriatric Depression Scale – 15 (GDS-15), a score of 5 or greater indicated mild to moderate depression, and a score of 10 or greater indicated severe depression; 9-Item Patient Health Questionnaire Depression Scale (PHQ-9), more depressive symptoms were presented with a higher score ranging between 0 (no significant depressive symptoms) and 24 points (severe depressive symptoms); 12-Items Short Form Health Survey (SF-12) mental component score (MCS), which indicated depression if the score was ≤42 or less; and 21-Item Depression Anxiety and Stress Scale (DASS-21), a score between 5 and 6 indicated mild depression, a score between 7 and 10 indicated moderate depression, and a score between 11 and 13 indicated severe depression.



2.5. Statistical analysis

Statistical analysis was performed using the Cochrane systematic review software Review Manager (RevMan) [Computer program]. Version 5.4, The Cochrane Collaboration, 2020. The pooled SMD with 95% confidence intervals (CIs) of the pre-post changes and post-intervention were computed using the generic inverse variance method (29). The pre-post changes of mean difference were calculated from the difference between the placebo and intervention groups. The standard deviations (SDs) of the mean changes from baseline were calculated imputing a correlation coefficient (Corr) of 0.7 based on previous literature (30, 31) because SDs were not reported in most studies. The formula for calculating the SDs is as follows (32):
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SDchange represents the SD of the mean changes from baseline, SDbaseline is the SD of before treatment, SDfinal corresponds to the SD of post-intervention, and Corr represents the correlation between the baseline and final measurements. Baseline and final SDs were provided in each included study. Therefore, the SDchange values were calculated by assigning a Corr value of 0.7 in the equation. The post-intervention SMD was calculated from the depression score after vitamin D supplementation between the intervention and placebo groups. Heterogeneity was assessed using Cochrane’s Q and I2 statistics, with significance set at p > 0.1 and I2 > 50% (33). A fixed-effects model was used in the absence of significant heterogeneity, and a random-effects model was used in the presence of significant heterogeneity (34).

The subgroup analysis was conducted to evaluate the difference between the treatment and placebo groups by potential factors. The subgroup analyses were stratified by baseline vitamin D level, daily dose of vitamin D, and follow-up duration using pre-post score changes and post-intervention score. Female-only subgroup analysis was only conducted in post-intervention score due to the limited number of eligible studies. Publication bias was not examined because the number of included studies was <10.




3. Results


3.1. Study selection

A total of 637 articles were identified through an electronic database search and 165 duplicated articles were removed. Next, 472 articles were screened for relevance based on their titles and abstracts, resulting in the exclusion of 425 articles. The remaining 47 articles were assessed for eligibility through full-text evaluation, and 40 were excluded. Finally, seven RCTs (35–41) with 4,385 participants were selected for quantitative synthesis (Figure 1).
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FIGURE 1
 Flow chart of the study selection process.




3.2. Study characteristics

Table 1 summarizes the characteristics of the seven included RCTs (35–41). Two studies were conducted in Australia (38, 40), while the others were conducted in the Netherlands (36), the United States of America (39), Iran (35), Greece (41), and the United Kingdom (37). The number of participants ranged from 78 to 2,012. Oral vitamin D3 (cholecalciferol) was administered in all studies, except for that by Yalamanchili et al. (39) who administered oral calcitriol, the most active form of vitamin D. The dose of vitamin D3 varied from 600 to 7,143 IU/day. The follow-up duration ranged from 8 weeks to 5 years.



TABLE 1 Characteristics of included studies.
[image: Table1]

The baseline characteristics of the study population are presented in Table 2. The mean age of participants in the studies varied from 67.9 to 76.8 years. Women accounted for more than half of the participants in all studies, of which three studies (37–39) recruited only women. The mean vitamin D levels ranged from 17.5 to 31.2 ng/mL. Regarding the current depression status, only Zajac et al. (40) excluded participants with depression, three studies (35, 36, 39) included participants with depression, and the other three studies (37, 38, 41) did not specify.



TABLE 2 Baseline characteristics of the study population.
[image: Table2]



3.3. Improvement of depressive symptoms

The primary outcome of pre-post score changes included five studies (35, 36, 39–41) involving 752 participants. Two studies (37, 38) were excluded from pre-post score changes because one study (38) did not report baseline depression score and the other study (37) only reported baseline and the SMD of post-intervention score. The secondary outcome of post-intervention score included all seven studies (35–41) involving 4,385 participants. No significant difference was found in either pre-post score changes (SMD = −0.49; 95% CI -1.07–0.09; p = 0.10; I2 = 93%) or post-intervention score (SMD = −0.10; 95% CI -0.28–0.07; p = 0.25; I2 = 80%), although the pooled analysis showed a trend of favoring the vitamin D group (Figure 2).

[image: Figure 2]

FIGURE 2
 Forest plot of the improvement of depressive symptoms. (A) pre-post score changes and (B) post-intervention scores.


No statistically significant differences were observed in subgroup analyses of either pre-post score changes or post-intervention score. The subgroup analysis was stratified according to baseline vitamin D level < 30 ng/mL, vitamin D administration dose ≤1,500 and > 1,500 IU/day, and follow-up years ≤1 and > 1 year. Female-only subgroup analysis was only conducted in post-intervention score because of the limited number of eligible studies analysis. The results of the subgroup analysis are shown in Table 3.



TABLE 3 Subgroup analysis of pre-post score changes and post-intervention scores.
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3.4. Quality assessment

The risk of bias assessment revealed that among the seven included studies, two (37, 41) had a high-risk of bias owing to missing data and open-label design (Supplementary Figure S1; Supplementary Table S3).




4. Discussion

This meta-analysis evaluated the efficacy of vitamin D supplementation on depressive symptoms compared to placebo in older adults. To the best of our knowledge, this is the first meta-analysis to evaluate the efficacy of vitamin D supplementation on depressive symptoms in older adults. No significant differences were detected between the vitamin D supplementation and placebo groups in either pre-post score changes or post-intervention score. In addition, clinical significance could be limited due to minimal differences. Although previous meta-analyses included adult participants of all ages, our findings were congruent with those of Li et al. (19) and Gowda et al. (20) who reported that vitamin D supplementation had no significant effect on depressive symptoms. Although the pooled analysis showed no significant effects in improving depressive symptoms, two individual studies (35, 41) showed distinct effects favoring the vitamin D group (Figure 2). The vitamin D dosage in these two studies was higher than that in other studies, and they included the participants with mean baseline vitamin D levels <30 ng/mL. Considering these aspects of studies, future trials should consider administering high doses of vitamin D and including only participants with vitamin D deficiency.

No notable outcomes were found in all subgroup analyses. Insufficient RCTs were available to dichotomize baseline 25(OH)D into sufficient and deficient levels; however, a potential of positive effects of vitamin D supplementation was shown in vitamin D-deficient patients without reaching statistical significance (SMD = −0.89; 95% CI -2.03–0.25; p = 0.12; I2 = 95%). Considering that vitamin D deficiency is a known risk factor for depression (15), additional studies are needed to evaluate the preventive effects of vitamin D supplementation in older adults. Although no differences were found in the subgroups stratified by the dose of ≤ or > 1,500 IU/day, the participants who received a dose >1,500 IU/day showed a tendency for depressive symptom improvement more than those who received ≤1,500 IU/day. This finding is congruent with the American Endocrine Society recommendation of vitamin D doses between 1,500 and 2000 IU/day to maintain vitamin D adequacy (> 30 ng/mL) (42). The participants in two (35, 41) of the three studies that administered high-dose vitamin D were classified as having a baseline vitamin D level of <30 ng/mL. This agrees with the results of a recent meta-analysis that demonstrated that high-dose vitamin D administration (≥ 4,000 IU) significantly improved depressive symptoms in adults (13). The methodological heterogeneity of the included studies, such as variations in vitamin D dose (daily vs. monthly), route of administration (tablets vs. bolus), duration of the vitamin D supplementation period, depression status of participants, depression scales used, and baseline vitamin D levels, may have contributed to the lack of differences between the intervention and placebo groups. We could not perform an analysis by the aim of vitamin D supplementation, such as the treatment or prevention of depression, because the number of studies was limited. Follow-up years of both pre-post changes and post-intervention did not show a significant difference. Moreover, no significant gender difference was found in subgroup analysis using post-intervention scores. Considering the results of individual studies, vitamin D in healthy older adults had no effect (40). In patients with depression, the results were inconclusive because one study reported a positive outcome (35), whereas another reported no effect (36). The subgroup findings with small marginal differences may cause uncertainty and should be interpreted with caution.

Growing evidence suggests possible mechanisms of vitamin D in mood regulation. The active form of vitamin D is produced in the brain by 1-alpha-hydroxylase in the vicinity of the VDRs (8). The binding of active vitamin D to VDRs in the hippocampus is involved in antioxidant, and anti-inflammatory activities, production of neurotrophic factors, and biosynthesis of monoamines, which are responsible for the regulation of mood changes (10). Another proposed mechanism relates to the homeostasis of calcium, which regulates the equilibrium between glutamate, an excitatory neurotransmitter, and GABA, an inhibitory neurotransmitter (43). The imbalance of these neurotransmitters can impact the onset of depression. In addition, vitamin D intake in older patients is often insufficient. The average intake of vitamin D from beverages and food is only 347.05 ± 307.8 IU, which is well below the recommend daily intake for adults (44). Cutaneous production of vitamin D3 is affected by time of day, latitude, aging, sunscreen use, and degree of skin pigmentation (45). Limited outdoor physical activities and exercise due to restricted mobility in older adults reduces sun exposure and decreases cutaneous synthesis of vitamin D (15). Given the role of vitamin D in depression and the likelihood of vitamin D deficiency among older patients, it is important to determine the optimal dosage for treating depressive symptoms in this population.

Inconclusive outcomes may be due to methodological issues and the characteristics of vitamin D that differentiate it from conventional drugs (46, 47). Vitamin D level is associated with the seasons, physical activity, eating habits, and cutaneous synthesis of vitamin D; however, we could not evaluate the effects of these factors (15). In addition, some studies reported that the post-vitamin D level in the control group was higher than that at baseline, which might be associated with the aforementioned factor (35, 41). Therefore, the effects of vitamin D supplementation could be underestimated owing to the lack of control over the confounding factors. Additional well-designed studies are required to evaluate the effects of vitamin D on depression in older adults.

This study has several limitations. First, the number of studies included in the meta-analysis was small and heterogeneous with respect to several factors, such as the vitamin D supplementation regimen, baseline vitamin D level, and depression status. Thus, observing a meaningful change in depressive symptom improvement with vitamin D supplementation can be difficult. We performed subgroup analyses to identify more meaningful changes to minimize our limitations. Not all studies were included in the subgroup analysis due to missing information for further investigation. Physical status, including comorbidities and disabilities, as well as psychosocial factors and lifestyle, are potentially significant factors contributing to depression among older patients and should be considered in depression management (15). However, due to limited number of included studies, we were unable to consider these factors in our meta-analysis. Additionally, the marginal effects observed should be interpreted with caution.

In conclusion, vitamin D supplementation in older adults was not associated with an improvement in depressive symptoms. High-dose vitamin D showed a tendency of improving depressive symptoms, although the effect size and significance were limited. Further studies on the older population are necessary to evaluate the efficacy of vitamin D in a conclusive manner. Standardized methodologies should be implemented in future RCTs regarding vitamin D dosage, depression measurement scales, and baseline serum vitamin D levels to establish practical evidence for the improvement of depressive symptoms.
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