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Vitamin D supplementation and its impact on immunoregulation are widely
investigated. We aimed to assess the prevention and treatment efficiency of
vitamin D supplementation in the context of coronavirus disease 2019 (COVID-
19) and any disease-related complications. For this systematic review and
meta-analysis, we searched databases (PubMed, Embase, Scopus, Web of
Science, The Cochrane Library, medRxiv, Cochrane COVID-19 Study
Register, and ClinicalTrial.gov) for studies published between 1 November
2019 and 17 September 2021. We considered randomized trials (RCTs) as
potentially eligible when patients were tested for SARS-CoV-2 infection and
received vitamin D supplementation versus a placebo or standard-of-care
control. A random-effects model was implemented to obtain pooled odds
ratios for the effect of vitamin D supplementation on the main outcome of
mortality as well as clinical outcomes. We identified a total of 5,733 articles, of
which eight RCTs (657 patients) met the eligibility criteria. Although no
statistically significant effects were reached, the use of vitamin D
supplementation showed a trend for reduced mortality [odds ratio (OR) 0.74,
95% confidence interval (Cl) 0.32-1.71, p = 0.48] compared with the control
group, with even stronger effects, when vitamin D was administered repeatedly
(OR 0.33, 95% ClI 0.1-1.14). The mean difference for the length of
hospitalization was —0.28 (95% Cl —0.60 to 0.04), and the ORs were 0.41
(95% Cl 0.15-1.12) and 0.52 (95% CI 0.27-1.02) for ICU admission and
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mechanical ventilation, respectively. In conclusion, vitamin D supplementation
did not improve the clinical outcomes in COVID-19 patients, but trends of
beneficial effects were observed. Further investigations are required, especially
studies focusing on the daily administration of vitamin D.
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Introduction

Within a short period of time, the novel coronavirus [severe
acute respiratory syndrome-related coronavirus 2 (SARS-CoV-
2)] has become a global challenge. The increase in the number of
coronavirus disease 2019 (COVID-19) cases dictates the need for
low-cost and widely available therapies, to help prevent SARS-
COV-2 infections and protect from severe COVID-19.

There is evidence that vitamin D has an important impact on
the human immune system and can prevent respiratory tract
infections (1), as vitamin D plays a signaling role in the
modulation of the innate and adaptive arms of the immune
system and immunoregulation. A link has been made between
pathogen recognition, cytokine secretion, the expression of
nuclear vitamin D receptors, and 1-o-hydroxylase (CYP27B1),
which is expressed in several tissues and immune cells (2). The
active forms of vitamin D induce the production of
antimicrobial peptides and support the differentiation of
monocytes, with the enhancement of phagocytic and
chemotactic capacity (3). Vitamin D leads to a more
tolerogenic immune environment by downregulating the
production of proinflammatory cytokines (e.g., IL-12, IFN-v,
IL-6, IL-8, TNF-0, and IL-9) and increasing the anti-
inflammatory responses through blocking the NK-xB
pathways (e.g., IL-4, IL-5, and IL-10) (4). The indirect and
direct effects on T-cell differentiation lead toward a Th2
phenotype, and B-cell proliferation and immunoglobulin
secretion are inhibited by vitamin D (3, 5).

The global prevalence of vitamin D deficiency (<20 ng/ml) is
high and even higher for partial deficiency (<30 ng/ml). Several
studies have reported data on the prevalence of low vitamin D
levels in Europe (up to 40%) and in the United States of America,
Canada, and India with more than 20% of the general population
being deficient, which shows that inadequate vitamin D serum
concentrations are a frequent issue around the globe (6). Vitamin
D may come from three different sources: endogenous production
after exposure to UVB rays, nutritional sources, or exogenous
supplementation. Vitamin D has a good safety profile and is
associated with a low risk for acute intoxication with commonly
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recommended doses (2). Therefore, it is a widely available low-
cost supplement with the potential to reduce the prevalence of
vitamin D deficiency. Recent observational studies have reported
heterogeneous results about the association between insufficient
vitamin D serum levels and the risk of developing severe COVID-
19, requiring further investigations (7).

The aim of this review was to assess the potential effects of
vitamin D supplementation on the treatment and prevention of
COVID-19 and severity-related complications. In addition, it
also aimed to evaluate the impact of different dosing and
administration regimens compared with placebo or standard
of care in randomized controlled trials (RCTSs).

Materials and methods
Search strategy and selection criteria

This systematic review and meta-analysis was conducted
according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines (Supplementary Table 6)
(8) and followed the “Cochrane Handbook for Systematic Reviews of
Interventions” (9). The study protocol was registered with
PROSPERO (CRD42021279150).

Two reviewers (LK, HK) independently performed the
systematic search of the databases PubMed/MEDLINE, EMBASE,
Scopus, Web of Science, The Cochrane Library, and the preprint
server medRxiv in addition to the trial registries Cochrane COVID-
19 Study Register and ClinicalTrials.gov for clinical trials published
between 1 November 2019 and 17 September 2021. This search was
performed using the following search terms: “COVID-19 OR SARS-
CoV-2” AND “vitamin D.” The search strategies are available in
Supplementary Table 1. Additionally, a manual search was
performed to identify further records by screening gray literature
and references of eligible studies.

Studies were included in this meta-analysis when meeting
the following inclusion criteria: involving participants with no
age, gender, or ethnicity restriction, who were tested for SARS-
CoV-2 infections as defined by the World Health Organization
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(10); investigating any type of vitamin D supplementation
compared with placebo, standard of care, or no treatment; and
giving information of relevant clinical outcomes. Furthermore,
only RCTs published in English or German language were
eligible. We excluded all other types of studies, studies which
administered additional or different agents than vitamin D, and
studies that did not test for SARS-CoV-2 infections or with
missing assessment of the relevant outcomes.

Two independent teams of two reviewers (LK, RR; HK, BH)
screened titles and abstracts to identify potentially eligible
studies. The same two teams independently screened the full
texts of possibly relevant studies. Any disagreements were
resolved by consulting an independent fifth reviewer (KP).

Data analysis

The relevant data of all included studies were extracted and
independently reviewed by two reviewers (LK, HK). Data were
entered into a predefined table for analysis. The criteria for
inclusion were strictly adhered to and any discrepancies were
resolved by discussion until an agreement was reached. The
corresponding authors of the trials were contacted for important
missing data. The risk of bias of the included studies was
independently assessed by two reviewers (LK, HK) using the
Cochrane Risk of Bias tool for RCTs (11). The tool included five
domains, which were rated from low to high risk, and then
combined to indicate the overall risk of bias. Any disagreements
were resolved by consensus.

Statistical analysis was carried out using the meta (v5.0-0)
package (12) in the R (v4.1.2) programming language (13). Meta-
analysis of proportions was pooled by fitting a random intercept
logistic regression model with the metaprop function to logit-
transformed proportions in order to include valid estimates for
studies with very few or no events. Study estimates are shown with
computed Clopper—Pearson 95% confidence intervals. The same
pooled estimates were conducted for subgroups and tested by the
X test for significant pairwise differences. Heterogeneity was
assessed by estimating the maximum likelihood of 7° and
quantified with the I* index. Comparisons of studies were
analyzed using odds ratios between the treatment and control
groups with the metabin function by performing a random-effects
model for the pooled odds ratio using the Mantel-Haenszel
method (14). Heterogeneity was assessed using a restricted
maximum-likelihood estimator of 7°.

Publication bias was evaluated by performing a funnel plot
of the logit-transformed prevalence and inverse variance. This
was tested using the metabias function with the linear regression
test (15) and the rank correlation test (16) for asymmetry.
Correlations with vitamin D levels were investigated by linear
regression of mean concentration per study, weighted by study
size (reflected by circle size and opacity). Squared Pearson
correlation coefficient (R?) is stated per correlation.
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The quality of evidence was analyzed by performing the
GRADE approach to evaluate the certainty of evidence. Using
the GRADE.pro software (17), we created a summary of
findings table.

Results
Study selection

The initial search identified a total of 5,733 articles of
potential relevance. After the removal of duplicates, 2,483
articles were screened by title and abstract, and 83 potentially
eligible records were selected for full-text reading. In total, 44
RCTs were eligible according to the inclusion criteria; an
additional trial was identified by manual search. However, no
results were available for 37 of the trials, which were excluded as
they did not meet the inclusion criteria. Thus, we were able to
finally include eight RCTs in this meta-analysis with a combined
total of 657 individual patients (Figure 1).

Study characteristics

All trials included adults of both genders (Supplementary
Figure 1) (18-25). Two studies were conducted in India, while
the remaining six originated from different countries around the
world; six studies assessed the data of hospitalized patients and
one only included outpatients. The trial by Sabico et al. included
both settings. Patients were only included if SARS-CoV-2
infection was confirmed by PCR or other criteria matching the
WHO definition. Participants with a vitamin D deficiency were
enrolled in three studies; the Murai et al. trial performed an
additional post-hoc analysis for patients with vitamin D
deficiency at baseline. The COVID-19 severity ranged from
asymptomatic to severe, although most studies did not report
the severity of disease.

Furthermore, three studies compared the effects of vitamin
D supplementation with placebo and five with standard of care.
The majority of studies used cholecalciferol. However, the
dosage and duration of the vitamin D supplementation varied,
ranging from 0.5 to 5,000 ug; vitamin D was administered as a
single bolus, a daily dose, or using a combination by
administrating a high-dose bolus followed by daily doses (trial
by Castillo et al.). Relevant data were reported, with mortality in
all eight studies, but other outcomes were assessed more
infrequently. The timing of follow-up assessments varied
across studies, although it was not always specified. Serum
vitamin D levels at baseline were measured in five studies only
during follow-up, while the others simply reported the baseline
serum levels. The baseline characteristics of the participants were
heterogeneous, even reporting significant differences of vitamin
D serum levels between the intervention and the control groups,
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i (n=46)
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Screening

(n=44)

Wrong Language
Wrong type of study
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Other reason for exclusion
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Reports assessed for eligibility
(n=45)
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(n=8)

[ Included ] [

FIGURE 1

(n=237)

PRISMA flowchart showing the study selection process to identify trials on vitamin D supplementation for the treatment and prevention of
COVID-19. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome-related coronavirus 2; WHO, World Health

Organization.

when vitamin D concentrations were assessed. Additional
characteristics of the included studies are presented in Table 1.
No prevention trials were included. The overall risk of bias
within the studies was assessed and considered to be low to some
concerns (Supplementary Figure 2).

Results of the meta-analyses

The primary analysis of mortality in the vitamin D group
compared with the control group was assessed, revealing trends
of reduced mortality in the intervention group, although it was
not statistically significant [odds ratio (OR) 0.74, 95% confidence
interval (CI) 0.32-1.71; Figure 2]. The mortality rate and the
count of deaths were reported in all of the eight trials included:
no deaths occurred in two trials, while the highest mortality rate
was observed in the Soliman et al. trial being 17.86% among all
patients; and none of the trials reported a statistically significant
effect of vitamin D on mortality themselves.

Subgroup analysis comparing vitamin D supplementation to
placebo did not show a beneficial effect on mortality, with an OR
of 1.29 (95% CI 0.54-3.07; Figure 3), compared with standard of
care in which lower odds were observed (OR 0.33, 95% CI 0.1-
1.14), but no significance was reached in either of the subgroups.
The subgroup receiving multiple dosages of vitamin D was
associated with a trend of lower mortality (OR 0.33, 95% CI
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0.1-1.14), by analyzing the same reported events as in the
standard-of-care subgroup. Other studies administrating
multiple doses of vitamin D did not report any deaths. For the
patients receiving a single bolus of vitamin D compared with the
control group, no beneficial effect was observed, with the same
two studies included as for the placebo subgroup. Furthermore,
the vitamin D deficiency subanalysis did not show an effect of
vitamin D on mortality (OR 0.95, 95% CI 0.29-3.1) among all
patients, with confirmed vitamin D serum levels below 30 or 20
ng/ml at baseline. Overall, subgroup analyses failed to reach
statistically significant effects.

By analyzing further clinical outcomes, no statistical
significance was observed. However, the length of hospitalization
tended to be shorter in the vitamin D group compared with the
control group [mean difference (MD) —0.28, 95% CI -0.60 to 0.04;
Figure 4]. It should be noted that the Murai et al. study was
weighted 82.8% in this analysis. The random-effects model for the
need of ICU admission is showing a less frequent admission to ICU
in the intervention group (OR 0.41, 95% CI 0.15-1.12), while
vitamin D supplementation was associated with lower odds for
the need of mechanical ventilation compared with the control
group (OR 0.52, 95% CI 0.27-1.02).

For the length of hospitalization and the need for ICU
admission, further subgroups were formed, analyzing the trials
administering repeated dosages of vitamin D supplementation
only. In this process, no statistically significant effects of vitamin D
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TABLE 1 Characteristics of the eligible randomized controlled trials and their patients (18—-25).

Trial Participants Vitamin Groups Vitamin D treat- Timing of Outcomes
design D defi- ment follow-up (relevant for
ciency this meta-
analysis)
Intervention Control
Castillo RCT Inpatients >18 ~ No Calcifediol Standard of care Loading dose of 532 pg, Until ICU Mortality
etal, 2020 Open label years N =50 N=26 followed by 266 pg on  admission, Need for ICU
(Spain) Single Total N = 76 Female: 23 Female: 8 days 3, 7, 14, 21, and discharge, or  admission
center Female: 31 Mean age: 53.14 years Mean age: 52.77 28 death
Mean age: 53 years
years
Elamir RCT Inpatients >18  No Calcitriol Standard of care Daily dose of 0.5 ug for Until day 14  Mortality
etal, 2021  Open label years N=25 N=25 14 days or until or discharge  Length of
(Israel) Multicenter Total N = 50 Female: 13 Female: 12 discharge hospitalization
Female: 25 Mean age: 69 years Mean age: 64 years Need for ICU
Mean age: NR admission
Need for
mechanical
ventilation
Lakkireddy RCT Inpatients >18  Yes, defined  Cholecalciferol Standard of care Daily dose of 1,500 pg ~ Until day 21~ Mortality
etal, 2021  Open label years as <30 ng/ml N =44 N=43 for 8 or 10 days Length of
(India) Single Total \N = 87 Female: 7 Female: 15 hospitalization
center Female: 22 Mean age: 47 years Mean age: 44 years Need for ICU
Mean age: 45 Mean vitamin D Mean vitamin D admission
years level: 16 ng/ml level: 17 ng/ml
(baseline); 89 ng/ml (baseline); 16 ng/ml
(follow-up) (follow-up)
Murai RCT Inpatients >18  Subgroup, Cholecalciferol Placebo Single dose of 5,000 ug  Until Mortality
et al, 2021  Double- years defined as N =119 N=118 discharge Length of
(Brazil) blind Total N =237 <20 ng/ml Female: 49 Female: 55 hospitalization
Multicenter Female: 104 Mean age: 56.5 years ~ Mean age: 56 years Need for ICU
Mean age: 56.2 Mean vitamin D Mean vitamin D admission
years level: 21 ng/ml level: 20 ng/ml Need for
(baseline); 44 ng/ml (baseline); 19 ng/ml mechanical
(follow-up) (follow-up) ventilation
Rastogi RCT Inpatients >18  Yes, defined  Cholecalciferol Placebo Daily dose of 1,500 pg ~ Until day 21~ Mortality
etal, 2020 Double- years as <20 ng/ml N =16 N=24 for 7 or 14 days
(India) blind Total N = 40 Female: 10 Female: 10
Single Female: 20 Median age: 50 years ~ Median age: 47.5
center Median age: Median vitamin D years
NR level: 8 ng/ml Median vitamin D
(baseline); 51 ng/ml level: 9 ng/ml
(follow-up) (baseline); 15 ng/ml
(follow-up)
Sabico RCT In- and No Cholecalciferol Standard of care, Daily dose of 125 pg Until Mortality
etal, 2021  Open label outpatients N =36 including 25 pg for 14 days discharge Length of
(Saudi Multicenter from 20 to 75 Female: 15 cholecalciferol hospitalization
Arabia) years Mean age: 46.3 years N =33 Need for ICU
Total N = 69 Mean vitamin D Female: 20 admission
Female: 35 level: 21 ng/ml Mean age: 53.5 years
Mean age: 49.8 (baseline); 25 ng/ml  Mean vitamin D
years (follow-up) level: 25 ng/ml
(baseline); 23 ng/ml
(follow-up)
Sanchez- RCT Outpatients No Cholecalciferol Standard of care Daily dose of 250 pg Until day 14  Mortality
Zuno et al., Open label >18 years N=22 N=20 for 14 days
2021 Multicenter Total N = 42 Female: 7 Female: 6
(Mexico) Female: 22 Median age: 44 years ~ Median age: 43 years
Median age: 43 Median vitamin D Median vitamin D
years level: 20 ng/ml level: 23 ng/ml
(baseline); 28 ng/ml (baseline)
(follow-up)
(Continued)
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TABLE 1 Continued
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Trial Participants Vitamin Groups Vitamin D treat- Timing of  Outcomes
design D defi- ment follow-up (relevant for
ciency this meta-
analysis)
Intervention Control
Soliman RCT Inpatients >60  Yes, defined  Cholecalciferol Placebo Single dose of 5,000 ug ~ Until day 42  Mortality
etal, 2021  Double- years with DM as <20 ng/ml N = 40 N=16 Need for
(Egypt) blind I Female: 16 Female: 6 mechanical
Single Total N = 56 Mean age: 71.3 years ~ Mean age: 70.19 ventilation
center Female: 22 Mean vitamin D years
Mean age: level: 10 ng/ml Mean vitamin D
70.91 years (baseline); 20 ng/ml  level: 21 ng/ml

(follow-up)

(baseline); 21 ng/ml

(follow-up)

DM, diabetes mellitus; N, number of participants; NR, not reported; RCT, randomized controlled trial.

supplementation compared with the control group were
observed, with a trend of shorter hospitalization (MD -0.64,
95% CI -1.42 to 0.13) and less frequent admission to the ICU
(OR 0.30, 95% CI 0.07-1.35; Table 2). None of these results were
statistically significant.

Significant increases in vitamin D serum levels were assessed
by analyzing the five trials reporting on vitamin D levels
(Supplementary Figure 3), while three trials did not measure
vitamin D serum levels. Thus, it is difficult to relate vitamin D
concentrations with reported clinical outcomes.

Publication bias and certainty of
evidence

Publication bias was assessed using funnel plots with no
significant risk of biases as revealed by Begg’s correlation test and
Egger’s regression (Supplementary Figure 10). The overall
quality of evidence was low to moderate, based on the GRADE
profile that is available in Supplementary Table 4.

Vitamin D Control
Study Deaths Total Deaths Total
Castillo et al. 2020 0 50 2 26
Elamir et al. 2021 0 25 3 25
Lakkireddy et al. 2021 2 44 5 43
Murai et al. 2021 9 119 6 118
Rastogi et al. 2020 0 16 0 24
Sabico et al. 2021 1 36 0 33
Sanchez-Zuno et al. 2021 0 22 0 20
Soliman at al. 2021 7 40 3 16
Random effects model 352 305
Heterogeneity: /% = 18%, 1% =0.1843, p = 0.30
Test for overall effect: z =-0.70 (p = 0.48)

FIGURE 2

Discussion

To our knowledge, this is the first study specifically
focusing on dosing regimens of vitamin D in RCTs in the
context of COVID-19 by performing further subgroup
analyses. Previously published meta-analyses by Szarpak et al.
and Rawat et al. reported similar results to our main
outcomes, not reaching a statistical significance for the effect
of vitamin D supplementation on abrogating COVID-19-related
complications. However, they included quasi-experimental and
non-randomized trials, as only three RCTs were available at the
time of their final search (26, 27). In contrast, other meta-
analyses reported significantly lower rates of adverse outcomes
such as the one by Pal et al. (28). They revealed a significantly
less frequent admission to the ICU and lower rates of mortality
in patients receiving vitamin D supplementation by analyzing
RCTs and observational studies. Vitamin D supplementation
given before the diagnosis of COVID-19 did not show any
benefit. The meta-analysis by Nikniaz et al. reported

Odds Ratio OR 95%-Cl Weight
6.8%
7.0%

19.2%
37.4%
0.0%
6.2%
0.0%

23.4%

0.10 [0.00; 2.10}
0.13 [0.01; 2.58]
0.36 [0.07; 1.98]
153 [0.53; 4.43]

2.83 [0.11;71.94]

0.92 [0.21; 4.11]

0.74 [0.32; 1.71] 100.0%

I
0.01

T
0.1

T 1
10 100

Forest plot random-effects model for the association of vitamin D supplementation and the main outcome mortality. Cl, confidence interval;

OR, odds ratio.
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Treatment Control
Subgroup Studies Deaths Patients Deaths Patients  Heterogeneity Estimate  95%-Cl

Placebo' 2 16 175 9 158 2 =0% - 1.29 [0.54;3.07]

Standard care ? 4 3 177 10 147 2=0% ———i 0.33 [0.1;1.14]
Single dose ® 2 16 159 9 134 2=0% = 1.29 [0.54;3.07]

Multiple doses * 4 3 193 10 171 ?=0% —— 0.33 [0.1;1.14]

Deficient® 3 13 157 9 141 I2=34% —_ 0.95 [0.29;3.1]
All Studies 6 19 352 19 305 =18% = 0.74 [0.32;1.71]

I—— T T 1
0.05 0.20 1.00 5.00
OR

FIGURE 3

Mortality among subgroup analyses. Cl, confidence interval; OR, odds ratio. *Control group receiving a placebo. 2Control group receiving
standard of care. *Patients receiving a single dose of vitamin D once. *Patients receiving more than one dose of vitamin D. ®Patients with

confirmed vitamin D deficiency below 30 or 20 ng/ml at baseline.

significantly lower rates of mortality in patients receiving
vitamin D supplementation by analyzing two RCTs and one
quasi-experimental study, and Shah et al. showed a significantly
reduced need for ICU admission by analyzing two RCTs and one
observational study (29, 30). Tentolouris et al. and Hosseini et al.
also depicted significantly reduced needs for ICU admission,
while Beran et al. showed significant effects of vitamin D for the

length of hospitalization and the need for mechanical ventilation
(29, 31, 32). Overall, these meta-analyses included other types of
clinical trials on vitamin D supplementation, while we chose to
focus on high-quality studies to limit the risk of bias. Varikasuvu
et al. focused on RCT's and were able to show significant effects
of vitamin D regarding PCR positivity and COVID-19 severity,
but not for COVID-19-related mortality (33). They included

Vitamin D Control
Study Total Mean SD Total Mean Sb Mean Difference MD 95%-Cl Weight
Elamir et al. 2021 25 5.50 3.9000 25 9.24 9.4000 -3.74 [7.73;0.25] 0.6%
Lakkireddy et al. 2021 44 13.00 5.0000 43 14.00 5.0000 H -1.00 [-3.10;1.10] 23%
Murai et al. 2021 119 7.00 1.1721 118 7.20 1.5646 + -0.20 [-0.55;0.15] 82.8%
Sabico et al. 2021 36 6.11 0.7082 33 6.55 2.4010 -0.44 [-1.29;0.41] 142%
Random effects model 224 219 : -0.28 [-0.60; 0.04] 100.0%
Heterogeneity: /* = 18%, T? < 0.0001, p = 0.30
Test for overall effect: z =-1.69 (p = 0.09) 6 -4 2 0 2 4 6

B

Vitamin D Control
Study Events Total Events Total 0Odds Ratio 95%-Cl Weight
Castillo et al. 2020 1 50 13 26 —=—— | 13.5%
Elamir etal. 2021 5 25 8 25 - 215%
Lakkireddy et al. 2021 4 44 5 43 —4|— 20.4%
Murai et al. 2021 19 119 25 118 = 28.8%
Sabico et al. 2021 2 36 3 33 —E— [0.09;3.76] 15.7%
Random effects model 274 245 é 0.41 [0.15;1.12] 100.0%
Heterogeneity: 12 = 60%, T% = 0.8237, p=0.04
Test for overall effect: z =-1.73 (p = 0.08) 001 04 1 10 100

Cc

Vitamin D Control
Study Events Total Events Total Odds Ratio 95%-Cl Weight
Elamir et al. 2021 0 25 2 25 — [0.01;4.04] 4.8%
Murai et al. 2021 9 119 17 118 — [0.21;1.14] 62.7%
Soliman at al. 2021 14 40 7 16 —— [0.21;2.26] 32.5%
Random effects model 184 159 <:> 0.52 [0.27;1.02] 100.0%
Heterogeneity: /> = 0%, T2 =0, p = 0.71
Test for overall effect: z = -1.90 (p = 0.06) 0.01 0.1 1 10 100

FIGURE 4

Forest plot random-effect model of various outcomes: (A) length of hospitalization; (B) need for ICU admission; (C) need for mechanical
ventilation. Cl, confidence interval; MD, mean difference; OR, odds ratio; SD, standard deviation.
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TABLE 2 Outcomes in trials administrating vitamin D repeatedly.

Outcome Studies Events/treatment group
Mortality 6 3/193

ICU admission 4 12/155

Outcome Studies Treatment group
Length of hospitalization 3 105

CI, confidence interval; MD, mean difference; OR, odds ratio.

fewer trials than we did with a total of six RCTs and only two for
PCR positivity and assessed COVID-19 severity by analyzing the
rate of ICU admission, need for mechanical ventilation, and
severity of symptoms as one outcome.

Studies on other respiratory tract infections, conducted
before the emergence of SARS-CoV-2, reported lower rates of
acute respiratory infections in patients receiving vitamin D
supplementation (34-36). One meta-analysis on vitamin D
supplementation to prevent acute respiratory tract infections
performed subgroup analyses for repeated doses of vitamin D,
showing lower rates of respiratory tract infections when vitamin
D supplementation was administered on a daily basis (1). In the
meta-analysis by D’Ecclesiis, which included all kinds of studies,
additional boluses and higher doses had no stronger effects (37).

Overall, previous studies generated heterogeneous results.
While some report the protective effects of vitamin D
supplementation on mortality and the need for ICU admission,
others show no significant association between vitamin D
supplementation and COVID-19-related outcomes. However,
most studies have several limitations such as the inclusion of
low-quality trials, trials offering additional supplementation other
than vitamin D (34, 35), non-exclusive focus on COVID-19 (1,
36), missing information on vitamin D serum levels,
heterogeneous baseline characteristics of included studies, and
varying dosing and administration regimens of vitamin D
supplementation. Overall, the quality of trials focusing on
vitamin D and COVID-19 is an important issue that obviously
affects the quality of published results. Importantly, the Lancet
recently retracted a preprint article about a trial also investigating
the effect of vitamin D treatments on COVID-19 and related
outcomes as there was a series of mistakes made by the authors in
the qualification of the study and its description (38).

Our analyses revealed no statistically significant findings for
our main outcomes and subgroup analyses, but undoubtedly
stronger effects were observed when vitamin D supplementation
was administered repeatedly. However, it should be considered
that the RCTs administrating multiple dosages of vitamin D
without a placebo control are of lower quality than RCTs with
placebo. The trials comparing vitamin D supplementation with
placebo are only weighted in the single-bolus subgroup in this
analysis. Therefore, placebo-controlled RCTs are required to
draw more robust outcomes on the effect of multiple dosages of
vitamin D supplementation in COVID-19 disease.
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Events/control group Heterogeneity OR 95% CI
10/171 0% 0.33 [0.11-1.14]
29/127 66% 0.30 [0.09-3.76]
Control group Heterogeneity MD 95% CI
101 24% —0.64 [~1.42 to 0.41]

08

The main strength of our study is that we included only
high-quality studies by limiting the eligible studies to RCTs
comparing vitamin D to placebo or standard of care, while
previous meta-analyses additionally or only analyzed
observational studies. Secondly, we focus on trials investigating
vitamin D supplementation in the context of COVID-19 as data
from other respiratory infections may not be applicable,
compared with meta-analyses assessing the effect of vitamin D
supplementation on respiratory tract infections in general (1,
34-36). Thirdly, we augmented our search results by contacting
trial investigators for unpublished data. Finally, we conducted an
analysis on vitamin D supplementation administered repeatedly
to limit the fluctuation of vitamin D serum levels, which is a
novel aspect in this context, only investigated by previous meta-
analyses performed before the emergence of SARS-CoV-2 (1).
Hence, we were able to investigate the effect of a continuous
increase of serum concentrations on clinical outcomes.

Our study also has some limitations. Firstly, only a small
number of trials passing our inclusion criteria were available. In
those trials, only a small number of outcome events were
reported, leading to a risk of overestimation of the true
intervention effect for assessed outcomes. Secondly, studies
were quite heterogeneous using different dosing regimens of
vitamin D supplementation. Moreover, the different study
locations limit the generalizability of our findings to those
settings, while the baseline characteristics of the participants
included in individual RCTs were heterogeneous, with no
adjustments for vitamin D serum levels. Thirdly, studies were
not always evaluating the same primary outcome, or information
on clinical outcomes was missing. Data especially on vitamin D
serum levels and timing of follow-up measurements were not
reported in all trials. Even after contacting trial investigators, not
all information was available. Finally, some risk of bias was
detected for the included studies (Supplementary Figure 2).

There is an urgent need for further investigation
demonstrating the effect of vitamin D supplementation in the
context of COVID-19, as sufficient vitamin D serum
concentrations may help protect people from severe disease
progression all over the world. The major challenge lies in
assessing the relationship between vitamin D serum
concentrations reached by supplementation and the
occurrence of SARS-CoV-2 infection as well as disease-related
clinical outcomes. Currently, there are more than 50 ongoing
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clinical trials on vitamin D supplementation in COVID-19
patients registered on ClinicalTrials.gov (39). However, when
looking at their study protocols, 94% of them (Supplementary
Table 5) may have difficulties to prove the beneficial effects of
vitamin D serum concentrations reached by supplementation on
COVID-19-related outcomes. Consistent monitoring of vitamin
D serum levels is necessary, including a run-in period and the
adjustment of baseline values between the intervention and the
control group in the randomization process. The importance of
adjusted vitamin D serum levels can be demonstrated by looking
at the trial performed by Soliman et al. with the highest
concentrations of vitamin D being measured in the control
group at baseline (25), leading to a high risk of
misclassification bias and reduced power. Furthermore, the
study size must be chosen wisely to be able to show the
significant effects of vitamin D supplementation, since
participants in the control group can produce vitamin D
endogenously as well. The period of investigation, including
the duration of vitamin D supplementation and time until the
follow-up assessments, needs to be of adequate length to reach
sufficient vitamin D serum levels. Since our analysis showed a
tendency for a harmful effect of a single bolus of vitamin D,
vitamin D supplementation should be administered repeatedly
(e.g., daily) rather than once. Considering these suggestions, only
three of the ongoing trials, based on their study protocol, could
be helpful to assess the effect of vitamin D supplementation for
the treatment of COVID-19.

Interestingly, vitamin D supplementation can affect vitamin
K levels by influencing vitamin D-dependent proteins and
potentially can induce vitamin K deficiency (40, 41). As
previous studies have demonstrated that a low vitamin K
concentration is associated with higher risks of developing
severe COVID-19 and increased IL-6 levels, undoubtedly,
further research is needed to investigate the levels of vitamin K
in the context of vitamin D insufficiency as well as the role of
vitamin D supplementation in vitamin K levels and its related
outcomes in the COVID-19 population (42-45).

Overall, a focus on reaching sufficient vitamin D serum levels
is crucial, and not only in the context of COVID-19 vitamin D
supplementation may be important to help improve immune
function globally. With all age groups being affected, the risk of
insufficient vitamin D status is prevalent worldwide. Multiple
factors such as age, gender, ethnicity, or limited sun exposure
influence vitamin D metabolism and can result in insufficient
vitamin D serum concentrations. It is important to investigate
vitamin D supplementation regimens as a safe and widely
available supplement to reduce the prevalence of vitamin D
deficiency globally and establish supplementation programs for
people of high risk (6, 46, 47). Over the last decade, a successful
nutrition policy in Finland resulted in improved vitamin D
status in adult people nationally. Finland also reports low rates
of SARS-CoV-2 infections and COVID-19-related deaths
compared with the United States of America and Europe, even
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with the lowest rates of SARS-CoV-2 infections in Europe in
November 2020. However, if vitamin D sufficiency is one of the
multiple factors influencing the prevalence of COVID-19 in
Finland and may help improve the global situation, further
investigations are required (46, 48).

Conclusion

In conclusion, our findings indicate that vitamin D
supplementation is associated with the trend of reducing
COVID-19-related mortality and clinical severity, especially in
patients receiving repeated vitamin D doses, when vitamin D
was given after the diagnosis of COVID-19. Repeated
administration of vitamin D supplementation could be helpful
to reach sufficient serum levels and improve immune function
and, thus, COVID-19-related complications. The available
evidence to date is of low quality with heterogeneous findings.
Therefore, it is impossible to demonstrate the immunological
benefit of vitamin D supplementation in this context yet. Hence,
further investigations are required, including updated analyses
of ongoing and future RCTs.
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