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Abstract

:

Background: The COVID-19 pandemic represents one of the world’s most important challenges for global public healthcare. Various studies have found an association between severe vitamin D deficiency and COVID-19-related outcomes. Vitamin D plays a crucial role in immune function and inflammation. Recent data have suggested a protective role of vitamin D in COVID-19-related health outcomes. The purpose of this meta-analysis and trial sequential analysis (TSA) was to better explain the strength of the association between the protective role of vitamin D supplementation and the risk of mortality and admission to intensive care units (ICUs) in patients with COVID-19. Methods: We searched four databases on 20 September 2022. Two reviewers screened the randomized clinical trials (RCTs) and assessed the risk of bias, independently and in duplicate. The pre-specified outcomes of interest were mortality and ICU admission. Results: We identified 78 bibliographic citations. After the reviewers’ screening, only five RCTs were found to be suitable for our analysis. We performed meta-analyses and then TSAs. Vitamin D administration results in a decreased risk of death and ICU admission (standardized mean difference (95% CI): 0.49 (0.34–0.72) and 0.28 (0.20–0.39), respectively). The TSA of the protective role of vitamin D and ICU admission showed that, since the pooling of the studies reached a definite sample size, the positive association is conclusive. The TSA of the protective role of vitamin D in mortality risk showed that the z-curve was inside the alpha boundaries, indicating that the positive results need further studies. Discussion: The results of the meta-analyses and respective TSAs suggest a definitive association between the protective role of vitamin D and ICU hospitalization.
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1. Introduction


The pandemic of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) responsible for coronavirus disease 2019 (COVID-19) has had a catastrophic effect on global healthcare systems, becoming a major public healthcare challenge worldwide. Since the first cases in early December 2019, there have been 613,793,706 confirmed cases of COVID-19, including 6,532,674 deaths, as of 22 September 2022 [1]. Elderly people with comorbidities, such as hypertension, cardiovascular disease, diabetes, chronic obstructive pulmonary disease, and chronic renal insufficiency, are more likely to be affected by a more severe form of COVID-19, with a higher mortality rate [2,3,4,5,6,7]. Although there have been advances in preventing and treating COVID-19 through the utilization of effective vaccines and antiviral drugs, interest in the nutraceutical approach [8], particularly in vitamin D [9,10], as a means to promote the immune response and reduce the inflammatory response has been growing. COVID-19 is characterized by high levels of inflammatory markers, including C-reactive protein (CRP), and increased levels of inflammatory cytokines and chemokines [11,12]. In this sense, various data have demonstrated the anti-inflammatory, antioxidant, and immunomodulatory properties of vitamin D [13,14,15], in addition to the importance of vitamin D for bone health, as well as its role in extra-skeletal function. On the one hand, vitamin D maintains pulmonary barrier function, determines the production of antimicrobial peptides, and enhances neutrophil activity, boosting the innate response [16], and it shifts the adaptive immune response to a more T helper cell-2 (Th2) type [17]. On the other hand, vitamin D reduces the production of pro-inflammatory cytokines, such as IL-6, IL-8, IL-9, IL-12, TNF alfa, and IFN gamma, and by blocking NK-kB pathways and, consequently, the production of IL-4, IL-5, and IL-10, it increases the anti-inflammatory response [18]. Moreover, patients suffering from chronic obstructive pulmonary disease with a low baseline vitamin D status have been reported to receive more significant clinical benefits from a vitamin D intervention than those with a high baseline vitamin D status [19,20]. Jolliffe and colleagues found that vitamin D supplementation could reduce the risk of asthma exacerbations needing systemic corticosteroids, especially in subjects with baseline serum hydroxyvitamin D (25OHD) levels < 25 nmol/L [21]. In addition, vitamin D supplementation induces a beneficial effect in preventing acute respiratory infections and reducing their complications [22,23]. At present, there are conflicting data regarding the impact of vitamin D supplementation on COVID-19 severity and mortality.



Some studies have found that 25OHD supplementation is a risk factor for higher in-hospital mortality in patients with COVID-19 and that it does not significantly reduce hospital length of stay [24,25,26]. Other studies have found that vitamin D interventions reduce the risk of mortality and disease severity. Bolus vitamin D supplementation has been associated with less severe COVID-19 and better survival rates in frail elderly populations. Cholecalciferol and calcifediol treatment therapies have been associated with reduced mortality risk in acutely hospitalized patients with COVID-19. In patients with advanced chronic kidney disease, treatment with calcitriol has been found to reduce the risk of COVID-19 mortality [9,27,28,29,30,31,32]. Varikasuvu and colleagues also showed a significant effect of a vitamin D intervention on COVID-19 RT-PCR positivity [33]. A recent systematic review and meta-analysis has suggested that vitamin D supplementation has no significant impact on the risk of COVID-19 infection. In contrast, it showed that vitamin D supplementation provides protective effects against mortality and intensive care unit (ICU) admission in patients with COVID-19 [34]. In light of the above, this study aimed to perform new sensitive analyses of current randomized controlled trials and then trial sequential analyses (TSAs) in order to verify the existence of a clear and definitive association between vitamin D supplementation and its beneficial effect on COVID-19-related risk of death and ICU hospitalization.




2. Results and Discussion


The search string that we used retrieved 78 bibliographic citations. We found 14 citations on PubMed, 30 on CT.gov, 19 on Embase, and 15 on ICTRP. Eleven citations were excluded because of duplicate records. Sixty-seven citations were screened by title and abstract because they were considered to be relevant. Forty-five citations were excluded because they were not randomized clinical trials. Two citations were excluded because of their study design, and twenty-five citations were also excluded because they had no outcomes of interest. Six relevant studies were considered for this meta-analysis. However, the study conducted by Lakkireddy [35] was retracted because the allocation method was not appropriate for randomized clinical trials. Finally, only five studies were included in this meta-analysis. Figure 1 shows the flowchart of the study selection process.



Table 1 shows a summary of the ROB2 assessment.



Only the study conducted by Murai had a low risk of bias according to the ROB2 assessment. A summary of the included studies and their characteristics is provided in Table 2 [26,32,36,37,38].



Each randomized clinical trial was investigated in detail for this meta-analysis. The randomized clinical trials that were taken into consideration were heterogeneous in different aspects. All studies included subjects hospitalized with COVID-19. Three out of five studies had a small sample size of patients. Only Nogues [38] recruited more than 800 patients, and Murai [26] included 240 subjects. The studies conducted by Murai [26], Sabico [32], and Torres [37] were multi-center studies, while the trials conducted by Castillo [36] and Nogues [38] were single-center studies. Castillo et al. [36] used an allocation ratio of 2:1. In contrast, the other studies used an allocation ratio of 1:1. In the study conducted by Sabico [32], patients were allocated to receive either standard vitamin D therapy (1000 IU) or 5000 IU of vitamin D for 14 days. Murai and colleagues randomly assigned a single oral dose of 200,000 IU of vitamin D3 or a placebo [26]. In the trial conducted by Castillo [36], eligible patients were allocated at a calcifediol:no calcifediol ratio of 2:1 to take oral 21.280 IU/day vitamin D on days 1, 3, and 7 and then weekly until discharge or ICU admission. In the study conducted by Nogues [38], the following were administered: 21.620 IU of vitamin D on day 1; 10.810 IU of vitamin D on days 3, 7, 15, and 30; or a placebo. In the study conducted by Torres and colleagues [37], the subjects received 2.000 IU/day or 10.000 IU/day of vitamin D. Forest plots are shown in Figure 2 and Figure 3.



Regarding ICU admission, Figure 2 shows a strong association between vitamin D interventions and protective effect on ICU admission. Vitamin D administration results in a reduced risk of ICU admission (standardized mean difference (95% CI): 0.28 (0.20–0.39)). The meta-analysis showed a high grade of heterogeneity (I2 = 74.2%), which was found to be significant (p = 0.004). Figure 3 shows a significant protective effect of vitamin D administration on mortality. Vitamin D administration results in a reduced risk of death (standardized mean difference (95% CI): 0.49 (0.34–0.72)). The meta-analysis showed non-appreciable heterogeneity (I2 = 48.7%), which was found to be non-significant (p = 0.100). Figure 4 shows the first TSA, which examined vitamin D and ICU admission.



The TSA showed a clear association between vitamin D administration and the protective effect on ICU admission in the study conducted by Nogues. The pooling of randomized clinical trials reached a definite sample size. The positive result of TSA is conclusive. Figure 5 shows the second TSA, which examined vitamin D and mortality.



The TSA showed a false-positive association between vitamin D supplementation and protective effect on the risk of death, so further studies are necessary to confirm this association. Indeed, the z-curve was inside the alpha boundaries. In the first case, our sequential analysis showed that, although the z-curve did not cross the computed alfa boundaries, the pooling of data reached the definite sample size, demonstrating that the positive data are conclusive. In the second case, the TSA showed a z-curve inside the alpha boundaries, suggesting that further studies are necessary to confirm the association.



The pandemic of coronavirus diseases 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) has involved hundreds of millions of people with different clinical spectra ranging from asymptomatic to severe conditions, including acute respiratory distress syndrome and multiorgan failure.



SARS-CoV-2 can upregulate angiotensin II (Ang II) by negatively regulating the expression of ACE2. Ang II interacts with Ang II type 1 receptor (AT1R) to regulate nuclear factor-κb (NF-κB) signaling pathways, as well as the activation of macrophages, determining an overproduction of pro-inflammatory cytokines [39]. Among these, IL-6 causes an uncontrolled release of cytokines [40]. IL-6 represents a functional marker of cellular senescence, and its age-dependent increase may be consistent with the age-dependent increase in COVID-19 mortality [40,41]. More recent studies have also highlighted the potential roles of ACE2 in regulating immune responses rather than simply being a viral linkage receptor in COVID-19 [40,42,43,44,45,46]. The dysregulation of ACE2 induced by SARS-CoV-2 infection may further cause cytokine storms and pneumonia. This increased cytokine production is usually defined as a “cytokine storm” [39,47,48]. It also triggers a pathogenic inflammatory immune response, leading to severe multiorgan failure and death in patients with COVID-19 [49,50,51].



2.1. Cytokine Storm


The term cytokine storm is used to describe hyperactive immune responses that can be triggered by a variety of factors, including autoimmune diseases, immunotherapy, and viral infections [52,53].



Cytokine storms determine the elimination of pathogenic microbes; however, they cause tissue toxicity, affecting various organs [54,55]. Cytokine release syndrome (CRS), a type of systemic inflammatory syndrome induced by cytokine storms, has been previously reported in patients infected with SARS-CoV and MERS-CoV. During viral infection, damage-associated molecular patterns (DAMPs), endogenous danger molecules released from damaged cells, and cells with pathogen-associated molecular patterns (PAMPs) that are conserved in molecular structures produced by microorganisms activate the innate immune system by interacting with pattern recognition receptors (PRRs), the antiviral responses in nearby cells, and they recruit innate and adaptive immune cells, such as macrophages, natural killer (NK) cells, and gamma delta (gd T) cells [56,57,58,59]. Downward interferon production contributes to the intracellular antiviral protection of neighboring epithelial cells. Although they may limit the spread of the virus, the release of IL-6 and IL-1b from other immune cells triggers the recruitment of neutrophils and T cells. T-cell activation or immune cell lysis stimulates the secretion of IFN-γ and TNF-α, which activates immune and endothelial cells, further releasing pro-inflammatory cytokines in a positive feedback loop [55].



Xu et al. found that patients with COVID-19 admitted to ICUs had higher levels of plasma inflammatory cytokines IL-2, IL-7, IL-10, granulocyte colony-stimulating factor (G-CSF), IFN-γ, and MCP and TNF-α than patients not in ICUs [60]. This cytokine production underlines the presence of Th1 and Th2 in COVID-19. At the same time, monocyte activation may indicate that cytokine storms are closely correlated with the alteration in the balance between innate and adaptive immunity. In this sense, Iwasaki and Medzhitov showed that the level of IL-6 was markedly higher in severe cases than in mild and moderate cases. Still, the levels of CD4+ T cells, CD8+ T cells, and NK cells were decreased, indicating immunosuppression in severe COVID-19 [61,62,63].



Meanwhile, T lymphocyte cells have been found to be overactivated during cytokine storms in patients with COVID-19, and it has been found that they may be accompanied by severe immune dysfunction [64]. A cytokine storm can directly damage the pulmonary capillary mucosa, promote alveolar edema, and further induce the spread of inflammatory cytokines, causing damage to the alveolar structure, which leads to bilateral lung infiltration and severe hypoxemia, resulting in dysfunction in pulmonary ventilation [65]. In the same way, cytokine storms have also been found to be associated with the sequence and severity of organ dysfunction in multiple organ dysfunction syndromes [66]. Hence, cytokine storms may be considered an essential factor in influencing the fate of patients with COVID-19 and multiple organ dysfunction syndromes.




2.2. Vitamin D


Exposure to inflammatory cytokines expresses the enzyme 25-hydroxyvitamin D-1α-hydroxylase (CYP27B1), which converts 25-hydroxyvitamin D [25 (OH) D into the active form, 1,25-dihydroxyvitamin or calcitriol (CT) [1,25 (OH)2 D] [67]. At the same time, 1,25 (OH)2 D develops the antimicrobial activities of macrophages and monocytes recruited to the inflammatory site. Furthermore, 1,25 (OH)2 D suppresses the expressions of Toll-like receptors on monocytes and inhibits the output of different inflammatory cytokines, such as IL-2, IL-6, and IL-17 [49,50,68]. Moreover, various experimental studies have shown the modulation of endothelial function and vascular permeability by vitamin D and its metabolites [51,69,70]. Vitamin D and its metabolites exert pleiotropic effects on the vascular endothelium in local and systemic inflammation, providing active protection against vascular dysfunction and tissue damage [8,71]. This is crucial in preventing COVID-19-induced ARDS development, representing the most common life-threatening indication for ICU admission [60]. In addition, 1,25(OH)2D inhibits immunoglobulin synthesis and, therefore, could potentially interfere with the immune system, and 1,25(OH)2D also regulates B-cell activity. High levels of 1,25(OH)2D appear to attenuate the immunoglobulin immune response through various mechanisms [72,73,74]. 1,25(OH)2D contributes to a reduction in autoantibody production by controlling B-cell activity and transforming B cells into plasma cells [72,75,76].




2.3. Vitamin D Supplementation


Various studies conducted before the SARS-CoV-2 pandemic showed that patients who received vitamin D supplements had a lower risk of acute respiratory infections and a shorter duration of symptoms [77]. Vitamin D-deficient patients and subjects not receiving bolus doses may benefit the most [23,78]. In addition, protection has been associated with the administration of daily doses of 400–1000 IU for up to 12 months [78].



This study was performed to analyze and determine the reliability of the evidence regarding the association between the protective effect of vitamin D supplementation and the risk of death and ICU admission in patients with COVID-19.



At present, some studies [32,35,79] evaluating the effects of supplementation on inflammation do not show a significant reduction in serum CRP levels in vitamin D-supplemented groups of subjects with COVID-19. On the contrary, a previous meta-analysis has indicated that daily vitamin D supplementation (ranging from 400 to 7143 IU for 8 to 48 weeks) significantly decreases the level of circulating CRP [80]. Vitamin D supplementation could block the nuclear factor kappa B (NF-κB) pathway, which, in turn, may reduce systemic inflammation and the production of CRP [80]. A recent overview of systematic reviews [10] has suggested the potential benefits of vitamin D supplementation that significantly reduce CRP in patients with diabetes and COVID-19.



Other studies have also found that a decreased CD4/CD8 ratio is associated with low 25(OH)D levels [81] and that the administration of 5000–10,000 IU of vitamin D3 is attributable to an increase in the CD4/CD8 ratio, reflecting immune regulation [76,82]. Serum 25(OH)D level ≤ 11.4 ng/mL is associated with the stimulation of Th2 and the downregulation of Th17 cell polarization of adaptive immunity in patients with COVID-19 [83]. In this sense, the trial conducted by Torres and colleagues showed that the administration of a high dose of vitamin D equal to 10,000 IU/day leads to an increase in anti-inflammatory cytokines, such as IL10, and higher levels of CD4+ T cells, which may contribute to decreasing the inflammatory state in severe forms of COVID-19. The trial conducted by Sabico also showed that 5000 IU of vitamin D supplementation reduced the time to recover and decreased IL-6 levels.



Similarly, heterogeneous results concerning the association between vitamin D status and COVID-19-related ICU admission and mortality rate [84,85,86,87] are available. A recent study [33] analyzed randomized clinical trials about vitamin D supplementation and COVID-19 outcomes, while Hosseini et al. [34] included both randomized clinical trials and non-randomized intervention studies for their analysis. The data from the first meta-analysis outlined the beneficial effects of vitamin D interventions on COVID-19 severity and RT-PCR positivity. At the same time, Hosseini highlighted the protective effects provided by vitamin D, demonstrating lower rates of ICU admission and mortality.



However, as previously demonstrated [88], meta-analyses cannot be a pure exercise of pooling data, and TSA seems to be a valuable instrument for drawing non-biased conclusions. Meta-analyses are conducted to summarize the effects of an intervention, assess the strength of evidence, and establish statistical significance in studies that have conflicting results. Nevertheless, an in-depth critical appraisal could include potential biases that could produce false-positive results. The great importance of our analysis is that, despite the presence of randomized clinical trials with some concerns about the risk of bias, the new meta-analyses and TSAs found a significant association between the protective role of vitamin D supplementation and ICU hospitalization in patients with COVID-19. At the same time, TSAs underlined the need for further studies to confirm the significant association between the beneficial effect of vitamin D supplementation and mortality.



The second strength of our study lies in the fact that we focused on randomized clinical trials investigating vitamin D interventions within the framework of COVID-19, excluding other respiratory infections.



In our opinion, due to the sample size and the precision of the effect, we propose Nogues’ protocol, which has positive effects on hospitalization in intensive care and mortality. In patients hospitalized with COVID-19, the protocol to administer consists of the administration of 21,620 IU on day 1 and 10,810 IU on days 3, 7, 15, and 30.



Regarding our analysis, it is worth highlighting that, even though the presence of statistical heterogeneity and a large effect size were observed and only a small number of studies qualified for the analysis, the new meta-analyses performed and the TSAs, about vitamin D interventions and ICU admission and risk of death in patients hospitalized with COVID-19, confirm the presence of a strong association between the protective effect provided by vitamin D against ICU admission. It is important that, to confirm the beneficial effect of vitamin D on mortality in the context of COVID-19, studies with a consistent sample size must be carried out, and the period of investigation, the duration of the vitamin D intervention, and the time until follow-up evaluations should be long enough to achieve adequate vitamin D serum levels.





3. Methods


3.1. Eligibility Criteria


A systematic search regarding the association between vitamin D supplementation and effect on the risk of death and ICU admission in patients with COVID-19 was performed. Studies were included if they met the following criteria: involving participants with no gender or ethnicity restrictions, who were tested for SARS-CoV-2, and who were aged 18 years or older and investigating any type of vitamin D supplementation in comparison with placebo, the standard of care, or no treatment. We excluded all other kinds of studies, studies that administered additional agents or agents other than vitamin D, studies that did not test for SARS-CoV-2 infection, and studies with missing assessments of mortality and ICU admission. The review protocol was entered into the International Prospective Register of Systematic Reviews of the Centre for Reviews and Dissemination (PROSPERO) database (Registry number: CRD42022374151).




3.2. Search Methods


On 20 September 2022, at 02:00 p.m. (GMT-5, Bethesta, MD, USA), a literature search was performed on MEDLINE, PubMed Central, and the Cochrane Library, using the search strings below.



The search strategy was as follows: ((vitamin D OR vitamin D OR ergocalciferols OR ergocalciferols OR (ergocalciferols OR ergocalciferols OR ergocalciferol) OR (cholecalciferol OR cholecalciferol OR cholecalciferols OR colecalciferol ) OR (calcitriol OR calcitriol OR calcitriols)) AND (inflammation OR inflammation OR inflammations OR inflammations OR (inflammatories OR inflammatory) OR TNF OR (interleukine OR interleukines OR interleukins OR interleukins OR interleukin) OR (cytokin OR cytokine s OR cytokines OR cytokines OR cytokine OR cytokinic OR cytokins)) AND (COVID OR SARS-CoV2)) in Title Abstract Keyword—in Trials (word variations were searched for).




3.3. Study Selection


The retrieved citations were independently screened by two authors (M.B.R. and S.S.). Once pertinent studies were identified, the full publications were retrieved and reviewed separately by the two investigators in order to determine their suitability for final inclusion. Any disagreement was resolved by discussion with a third reviewer (C.S.).




3.4. Data Extraction, Coding, and Analysis


Two authors (R.M.B and S.S.) collected the data from all included articles using a pre-tested form, individuated duplicates, and prepared a flowchart of the excluded and included studies. C.S. and A.C. independently verified the entire process.




3.5. Risk of Bias and Quality Assessment


Two authors (M.B.R. and S.S.) assessed the quality of the included randomized clinical trials using ROB2 (version 2 of the Cochrane risk-of-bias tool for randomized trials) [89]. ROB2 is a recommended tool included in Cochrane Reviews for the assessment of the risk of bias in randomized trials. ROB2 is structured into a fixed set of domains of bias, focusing on different aspects of a trial, in particular, random sequence generation, allocation concealment, the blinding of participants and personnel, the blinding of outcome assessment, incomplete outcome data, selective reporting, and other sources of bias. A proposed judgement about the risk of bias arising from each domain is made. The judgement can be a “low” or “high” risk of bias or can express “some concerns”.




3.6. Dosage of Vitamin D


The data of the patients were extracted and tabulated according to the results of each trial.




3.7. Methodological and Sensitive Analysis


3.7.1. Data Extraction and Statistical Analysis


The data on the patients, methods, outcomes, and results were extracted using a data extraction form. Cumulative meta-analyses were performed. Meta-analyses were performed with a fixed-effects model or a random-effects model where necessary. Heterogeneity was investigated by using the I2 statistic, with significance set at p < 0.05. A random-effects model or a fixed-effects model was used to perform the meta-analysis according to the heterogeneity. A Forest plot was used to graphically summarize the pieces of evidence from the various studies. STATA Version 17.0 (StataCorp, College Station, TX, USA) was used to perform all the analyses. Moreover, we performed trial sequential analyses.




3.7.2. Trial Sequential Analysis


To avoid the increased risk of random errors in the cumulative meta-analyses, we performed trial sequential analyses (TSAs) because the best available evidence may not be synonymous with “sufficient evidence” or “strong evidence”. The threshold for a statistically significant result was adjusted according to the strength of the evidence and the number of significance tests performed according to the “law of the iterated logarithm”. We computed alpha boundaries to test the positive results and futility boundaries to test the negative results [90]. False-positive results are indicated by a z-curve within the computed alpha boundaries. On the contrary, false-negative results are indicated by a z-curve that does not cross the computed futility boundaries. In our study, TSAs were performed by G.N. The analyses were performed using Trial Sequential Analysis Viewer (TSA Viewer) (Computed Program; Version 0.9.5.10 Beta. Copenhagen: Copenhagen Trial Unit, Centre for Clinical Intervention Research, Rigs Hospitalet, 2016) [91].






4. Conclusions


The current evidence supports the benefits of vitamin D interventions in patients hospitalized with COVID-19 due to the protective effect provided by vitamin D against ICU admission and mortality. A meta-analysis per se does not allow us to state whether the results are truly positive or false-positive. In addition, the inclusion of studies with large effect sizes and significant heterogeneity separates us from the truth. For this reason, a TSA is mandatory to verify the reliability of meta-analysis results [92]. In conclusion, the positive results highlighted again and now validated by TSAs suggest that an indisputable association between vitamin D supplementation and the protective effect on ICU admission can be considered definitive evidence. On the contrary, further studies are needed to assess the utilization of vitamin D regarding the risk of death in patients hospitalized with COVID-19.
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Figure 1. Flowchart of the study selection process: the flowchart shows the selection process regarding the retrieved citations; randomized controlled trials of treatment and studies not pertinent were excluded, such as studies that did not have outcomes of interest. 
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Figure 2. Forest plot of the association of protective effect of vitamin D supplementation with intensive care unit admission in patients hospitalized with COVID-19. CI, confidence interval; OR, odds ratio [26,32,36,37,38]. 
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Figure 3. Forest plot of the association of protective effect of vitamin D supplementation with mortality in patients hospitalized with COVID-19. CI, confidence interval; OR, odds ratio [26,32,36,37,38]. 
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Figure 4. Trial sequential analysis of the positive association of protective effect of vitamin D supplementation with intensive care unit admission in patients hospitalized with COVID-19. The cumulative z-curve crosses the trial sequential alpha boundary, suggesting that the positive result is conclusive. 
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Figure 5. Trial sequential analysis of the false-positive association of protective effect of vitamin D supplementation with mortality in patients hospitalized with COVID-19. The cumulative z-curve is inside the futile boundaries, suggesting that further studies are necessary to confirm the association. 
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Table 1. ROB2 assessment for each randomized clinical trial regarding the association of vitamin D supplementation with ICU admission and risk of death. Green indicates a low risk of bias; yellow indicates some concerns for risk of bias; red indicates a high risk of bias.
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ROB2: A Revised Cochrane Risk-of-Bias Tool for Randomized Trials
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Legend: R—bias arising from the randomization process; D—bias due to deviations from intended interventions; Mi—bias due to missing outcome data; Me—bias in measurement of the outcome; S—bias in selection of the reported results; O—overall risk of bias; +  [image: Pharmaceuticals 16 00130 i004] low risk of bias; −  [image: Pharmaceuticals 16 00130 i005] high risk of bias; ?  [image: Pharmaceuticals 16 00130 i006] some concerns.
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Table 2. Characteristics of studies of the effects of vitamin D supplementation on COVID-19-related ICU admission and mortality.
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	Reference
	Design,

Setting
	Participants
	Duration

of Intervention
	Treatment Arms
	Outcomes
	Efficacy





	Sabico et al., 2021 [32]
	RCT,

Saudi Arabia
	Patients hospitalized with COVID-19 infection

(20–75 years old, male: 47.8%)
	2 weeks
	Intervention: 5.000 IU/day vitamin D

(n = 36);

Control: 1.000 IU/day vitamin D (n = 33)
	ICU admission and mortality
	Yes



	Castillo et al., 2020 [36]
	RCT,

Spain
	Patients hospitalized with COVID-19 infection

(53.14 ± 1 0.77 years old, male: 59.0%)
	4 weeks
	Intervention: 21.280 IU/day vitamin D on days 1, 3, and 7 and then weekly until discharge or ICU admission (n = 50); Control: no vitamin D supplementation (n = 26)
	ICU admission and mortality
	Yes



	Torres et al., 2022 [37]
	RCT,

Spain
	Patients hospitalized with COVID-19 infection

(53–74 years old, male: 60%)
	8–29 days
	Intervention: 10.000 IU/day vitamin D

(n = 41);

Control: 2.000 IU/day vitamin D (n = 44)
	ICU admission and mortality
	Yes



	Murai et al., 2021 [26]
	RCT,

Brazil
	Patients hospitalized with COVID-19 infection (56.2 ± 14.4 years old, male: 46.1%)
	20 days
	Intervention: 200.000 IU vitamin D

(n = 120);

Control: placebo (n = 120)
	ICU admission and mortality
	No



	Nogues et al., 2021 [38]
	RCT,

Spain
	Patients hospitalized with COVID-19 infection (30–80 years old, male: 56.0%)
	30 days
	Intervention: vitamin D: 21.620 IU on day 1 and 10.810 IU on days 3, 7, 15, and 30 (n = 551);

Control: placebo (n = 379)
	ICU admission and mortality
	Yes







ICU = intensive care unit.
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