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Abstract

Purpose To provide a precise summary and collate the hitherto available clinical evidence on the effect of vitamin D sup-
plementation on clinical outcomes in COVID-19 patients.

Methods PubMed/MEDLINE, Scopus, and Web of Science databases were systematically searched using appropriate key-
words till June 8, 2021, to identify observational studies and randomized controlled trials (RCTs) reporting adverse clinical
outcomes (ICU admission and/or mortality) in COVID-19 patients receiving vitamin D supplementation vs. those not receiv-
ing the same. Both prior use and use of vitamin D after COVID-19 diagnosis were considered. Unadjusted/adjusted pooled
odds ratio (OR) with 95% confidence intervals (CI) were calculated (PROSPERO registration number CRD42021248488).
Results We identified 13 studies (10 observational, 3 RCTs) pooling data retrieved from 2933 COVID-19 patients. Pooled
analysis of unadjusted data showed that vitamin D use in COVID-19 was significantly associated with reduced ICU admis-
sion/mortality (OR 0.41, 95% CI: 0.20, 0.81, p=0.01, I?=66%, random-effects model). Similarly, on pooling adjusted risk
estimates, vitamin D was also found to reduce the risk of adverse outcomes (pooled OR 0.27, 95% CI: 0.08, 0.91, p=0.03,
I?=80%, random-effects model). Subgroup analysis showed that vitamin D supplementation was associated with improved
clinical outcomes only in patients receiving the drug post-COVID-19 diagnosis and not in those who had received vitamin
D before diagnosis.

Conclusions Vitamin D supplementation might be associated with improved clinical outcomes, especially when administered
after the diagnosis of COVID-19. However, issues regarding the appropriate dose, duration, and mode of administration of
vitamin D remain unanswered and need further research.
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Introduction

As the novel coronavirus disease (COVID-19) continues to
rampage, the search for an effective treatment has hitherto
been futile. Although anti-viral drugs efficacious against the
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) remains to be earthed, vitamin D supplementation
54 S. K. Bhadada h.as been proposed Fo be z.m effective m.earlls for reducing the
bhadadask @rediffmail.com risk of COVID-19 infection and severity in some studies.
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improve clinical outcomes in COVID-19 [7-11]. Neverthe-
less, data is inconsistent with some observational studies and
randomized controlled trials (RCTs) showing that vitamin
D supplementation is not associated with improved clinical
outcomes in COVID-19 [12-15]; on the contrary, a trend
towards two-fold higher mortality was found in patients
being routinely supplemented with vitamin D as compared
to non-users [14].

Considering the heterogeneity in the available clinical
evidence, the present systematic review and meta-analysis
was undertaken to provide a precise summary and collate
the effect of vitamin D supplementation on adverse clinical
outcomes in COVID-19 patients.

Methods

This meta-analysis was conducted and reported according
to the Preferred Reporting Items for Systematic reviews and
Meta-analyses (PRISMA) statement [16]. The study proto-
col has been registered in PROSPERO (Registration number
CRD42021248488) [17].

Search strategy

Two investigators (RP and MB) independently performed
a systematic search of the literature across the PubMed/
MEDLINE, Scopus, and Web of Science databases from
inception till June 8, 2021, using the following keywords
interposed with appropriate Boolean operators: “COVID-
19” OR “SARS-CoV-2" AND “vitamin D supplementation.”
The language was restricted to English only. The references
of relevant reviews and retrieved articles were also screened
for potentially eligible articles. For missing data, the cor-
responding authors of the potentially eligible studies were
contacted wherever possible.

Eligibility and exclusion criteria
Eligibility criteria were set as follows:

1. Given the scarcity of literature, both observational
studies (prospective or retrospective, cohort or case—
control design) as well as randomized controlled trials
irrespective of study design (parallel/cross-over), study
blinding (single-blind, double-blind, or open-label), and
sample size would be included in the meta-analysis.

2. Studies should include patients with COVID-19, a pro-
portion who must have been taking vitamin D prior to or
after the diagnosis of COVID-19 irrespective of the dose,
duration, or formulation of vitamin D used.

@ Springer

3. Studies should report clinical outcomes of COVID-19
patients in terms of the need for intensive care unit (ICU)
admission or mortality or both.

4. The clinical outcomes should be reported as the rate
of ICU admission/mortality (as the number of “events”)
in COVID-19 patients with vitamin D supplementation
compared to those who did not receive vitamin D.

5. In addition, studies reporting the adjusted odds ratio
(OR) or hazard ratio (HR) of ICU admission/mortality
in COVID-19 patients with vitamin D supplementation
compared to those who did not receive vitamin D sup-
plementation were also included.

Exclusion criteria were set as follows:

1. Studies reporting clinical outcomes of COVID-19
patients other than ICU admission/mortality.

2. Clinical case series, study protocols, reviews, com-
ments, editorials, letters to the editor.

3. Non-peer reviewed studies published as preprints.

4. Incompleteness in data.

Data extraction

Two investigators (RP and MB) independently scanned titles
and/or abstracts to exclude duplicate studies and studies that
failed to meet the aforementioned eligibility criteria. Poten-
tially eligible studies were full-text assessed. Any discrepan-
cies between the aforementioned investigators were solved
by discussion, consensus, or arbitration by a third senior
investigator (SKB). Studies hence selected were reviewed,
and the following data were extracted from full-text reports
for further assessment: study characteristics, dose and dura-
tion of vitamin D supplementation, formulation and mode
of vitamin D administration, the number of patients supple-
mented with vitamin D, the number of COVID-19 patients
with vitamin D supplementation who had experienced the
reported clinical outcome as compared to those who did not
receive vitamin D (i.e., the number of events in those sup-
plemented with vitamin D vs. those not supplemented) and
the adjusted OR/HR of ICU admission/mortality in those
supplemented with vitamin D vs. those who did not receive
vitamin D.

Assessment of study quality

The Newcastle—Ottawa Scale (NOS) was used to assess the
quality and risk of bias of the included observational studies.
The scale assesses three quality parameters, namely, selec-
tion, comparability, and outcome divided across eight spe-
cific items which slightly differ when scoring case—control
and cohort studies [18]. The maximum score on NOS is 9.
Any score >7 qualifies as high-quality with a low risk of
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bias, while a score <5 is categorized as low-quality with a
high risk of inherent bias. Any score in between is rated as
moderate-quality [19].

For RCTs, the risk of bias was assessed in the following
domains using the corresponding Cochrane Collaboration’s
tool: random sequence generation, allocation concealment,
blinding of participants and staff, blinding of outcome
assessment, incomplete outcome data, and selective outcome
reporting [20]. Each domain was rated as ‘low’, ‘unclear’,
or ‘high’ risk of bias. Thus, for example, a study was rated
as being of low risk of bias in the presence of adequate pro-
cedures in all the domains; on the contrary, an inadequate
procedure in at least one domain rated a study as being of a
high risk of bias. In any other case, a study was labeled as
being of unclear risk of bias.

The assessment of study quality and risk of bias was inde-
pendently conducted by two investigators (RP and AJS).
Any discrepancy was solved by a discussion with a third
senior investigator (SKB).

Statistical analysis

The difference in the rate of occurrence of ICU admission/
mortality (events) in COVID-19 patients supplemented with
vitamin D vs. those not supplemented with vitamin D was
calculated using the OR (unadjusted) with 95% confidence
intervals (CI) after implementation of the Mantel-Haen-
szel (M—H) fixed-effects model. Adjusted estimates (OR or
HR) from each study, wherever reported, were also pooled
together using the generic inverse variance model with the
fixed-effects formula. The OR and HR were pooled sepa-
rately. Besides, wherever possible, we also performed a
subgroup analysis of studies reporting the supplementation
of vitamin D prior to the diagnosis of COVID-19 and those
reporting the use of vitamin D post-COVID-19 diagnosis.

Statistical heterogeneity among studies was assessed
using /7 statistics. Heterogeneity was quantified as low,
moderate, and high with upper limits of 25%, 50%, and
75% for I%, respectively [21]. In the present meta-analysis,
significant heterogeneity was considered when the /7 value
was > 50%, with a p value <0.05. Outcomes with signifi-
cant heterogeneity were reanalyzed and reported using the
random-effects model. A p <0.05 was considered to be sta-
tistically significant.

Statistical analysis was performed using the RevMan 5.4
software.

Results

After a scrupulous literature search and a meticulous study
selection process, we included 13 studies in the present
meta-analysis [7-15, 22-25], pooling data retrieved from

2933 patients with COVID-19 (Fig. 1). Of the 13 studies,
10 were observational studies [7-10, 12—-14, 22-24], while
3 were RCTs [11, 15, 25]. Relevant studies where clinical
outcomes were not reported in terms of ICU admission or
mortality were excluded [26-28].

The primary characteristics of the included studies have
been summarized in Table 1. Out of the 13 studies, 10 were
hospital-based [7, 9-11, 13, 15, 22, 23, 25, 29]. The studies
by Annweiler et al. [8] and Cangiano et al. [24] were nurs-
ing home-based studies, while that by Cereda et al. [14]
had included three groups of COVID-19 cases; the first and
second group consisted of Parkinson’s disease patients and
caregivers, respectively living in Lombardy, Italy while the
third group was recruited from a referral hospital. The
COVID-19 disease severity was infrequently reported across
all the included studies.

Five studies catered to the use of vitamin D before the
diagnosis of COVID-19 [9, 12, 14, 23, 24], while seven
studies had reported the use of vitamin D after the diag-
nosis of COVID-19 [7, 10, 11, 13, 15, 22, 25]. Annweiler
et al. [8] had considered the use of oral cholecalciferol in
the week following the suspicion or diagnosis of COVID-
19 or during the previous month. Among the seven stud-
ies that catered to the use of vitamin D after the diagno-
sis of COVID-19, the exact time interval between onset of
symptoms of COVID-19 and vitamin D supplementation
was reported only by Murai et al. [15], where vitamin D
was supplemented 10.3 days on average after the onset of
COVID-19 symptoms.

The majority of the studies had used oral cholecalciferol,
while Entrenas Castillo et al. [11] and Alcala-Diaz et al. [22]
had used oral calcifediol. The dose of cholecalciferol used
was highly variable across the included studies, ranging
from 80,000 IU within a few hours of diagnosis of COVID-
19 to a maximum of 400,000 IU supplemented as bolus oral
cholecalciferol daily for 2 consecutive days (the second and
third day of the in-hospital stay) [7, 10].

Mortality was the most commonly reported clinical
outcome while ICU admission was reported in one study
[11] and ICU transfer or all-cause in-hospital mortality was
reported in another study [10]. The study by Ling et al. [9]
included a primary cohort (n =444) and a validation cohort
(n=542), both of which had been separately included in
the present meta-analysis. Adjusted estimates of the clinical
outcome (either OR or HR) were reported in eight studies
[7-11, 14, 22, 23]. Among others, the most common covari-
ates that were adjusted across all these six studies were age,
sex, and presence or absence of comorbidities.

The study quality and the risk of bias for observational
studies and RCTs have been depicted in Supplementary
Table 1 and Supplementary Table 2, respectively. All the
observational studies were of moderate or high quality
(Supplementary Table 1). Of the three RCTs, the studies
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Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart showing the study selection process

by Entrenas Castillo et al., and Lakkireddy et al., had high
risk of bias, while that by Murai et al., had a low risk
of bias (Supplementary Table 2). However, the RCT by
Murai et al., had certain limitations. Of note, the baseline
characteristics of the two groups (vitamin D group vs. pla-
cebo group) were not matched with the intervention group
having a higher prevalence of diabetes, hypertension, and

@ Springer

obesity. Besides, there were gender and racial differences
between the two groups.

Nevertheless, none of the studies fulfilled the criteria
required for the inclusion of clinical studies examining nutri-
ent effects in systematic reviews and meta-analysis [30]. Of
note, most of the included studies either did not mention or
did not start from the same or similar basal nutrient status
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value (i.e., 25-hydroxyvitamin D), all the included studies
did not use the same or closely similar doses, none of the
studies reported about the conutrient status, and the peri-
ods of exposure to the increased intake of vitamin D were
unequal amongst the included studies.

The results of the meta-analysis have been summarized
under the following heads.

Pooled analysis using the rate of occurrence

of the reported clinical outcome (number

of events) in COVID-19 patients receiving vs. those
not receiving vitamin D

The rate of occurrence of the reported clinical outcome
(mortality or ICU admission or both) was explicitly men-
tioned in 11 studies [7, 8, 10-15, 22, 24, 25]. The pooled
analysis of the data from the aforementioned studies showed
that the use of vitamin D was associated with improved
clinical outcomes (OR 0.41, 95% CI: 0.20, 0.81, p=0.01,
I>=66%, random-effects model) (Fig. 2). A sensitiv-
ity analysis performed after excluding the RCT by Murai
et al., showed similar results (OR 0.34, 95% CI: 0.17, 0.69,
p=0.003, > =61%, random-effects model) (Supplementary
Fig. 1).

For subgroup analysis, the study by Annweiler et al.
[8] was excluded as it catered to vitamin D supplementa-
tion prior to as well as after the diagnosis of COVID-19.
Subgroup analysis showed that vitamin D supplementation
was associated with improved clinical outcomes only in
patients who had received vitamin D after the diagnosis of
COVID-19 (OR 0.35,95% CI: 0.14, 0.85, p=0.02, P =66%,
random-effects model, seven studies) but not in those who
had received the same before COVID-19 diagnosis (OR
0.71,95% CI: 0.16, 3.03, p=0.64, I>=75%, random-effects
model, three studies) (Fig. 3). Sensitivity analysis performed

after exclusion of the study by Murai et al., has been repre-
sented in Supplementary Fig. 2.

We performed another subgroup analysis based on the
cumulative dose of vitamin D received as per the study
protocol. A cumulative dose of cholecalciferol less than
200,000 IU was categorized as a low-cumulative dose, while
a dose equal to or more than 200,000 IU was classified as a
high-cumulative dose. Pooled data did not show any differ-
ence in outcome in the high-cumulative dose (OR 0.55, 95%
CI: 0.22,1.37, p=0.20, P =62%, random-effects model, four
studies) or low-cumulative dose subgroups (OR 0.34, 95%
CI: 0.10, 1.18, p=0.09, >=74%, random-effects model, five
studies) (Supplementary Fig. 3). However, sensitivity analy-
sis performed after exclusion of the RCT by Murai et al.,
showed that a high-cumulative dose of vitamin D was asso-
ciated with improved clinical outcomes in COVID-19 (OR
0.38,95% CI: 0.20, 0.72, p=0.003, I2=4%, random-effects
model, three studies) (Supplementary Fig. 4).

Pooled analysis using adjusted OR or HR
of the reported clinical outcome in COVID-19
patients receiving vs. those not receiving vitamin D

Adjusted OR of the reported clinical outcomes in COVID-19
patients supplemented with vitamin D vs. those not receiv-
ing vitamin D were reported in six studies [9-11, 14, 22, 23].
Pooled analysis showed that vitamin D use was significantly
associated with improved clinical outcomes (pooled OR
0.31,95% CI: 0.12,0.78, p=0.01, I>=74%, random-effects
model) (Fig. 4A). Subgroup analysis showed that vitamin D
supplementation was associated with improved clinical out-
comes only in patients receiving the drug after the diagnosis
of COVID-19 (OR 0.12, 95% CI: 0.04, 0.34, p <0.0001,
I>=0%, random-effects model, three studies) and not in
those who had received vitamin D prior to the diagnosis (OR
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Fig.2 Forest plot showing the effect (unadjusted) of vitamin D supplementation on clinical outcomes (intensive care unit admission and/or mor-

tality) in patients with COVID-19 as compared to non-use of vitamin D
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0.54,95% CI: 0.17, 1.73, p=0.30, I>=81%, random-effects
model, three studies) (Supplementary Fig. 5).

Similarly, covariate-adjusted HR was reported in only two
studies [7, 8]. Pooled data also showed that vitamin D use
was associated with improved clinical outcomes in COVID-
19 patients (pooled HR 0.17, 95% CI: 0.06, 0.48, p =0.0009,
PP =12%, fixed-effects model) (Fig. 4B).

Discussion

The present systematic review and meta-analysis shows that
supplementation with vitamin D is associated with improved
clinical outcomes in COVID-19, especially when vitamin D
is administered in patients after the diagnosis of COVID-19.
Thus, vitamin D supplementation might be considered as
a potential treatment adjunct in patients with COVID-19.

Multiple observational and ecological studies have shown
that hypovitaminosis D is a risk factor for COVID-19 infec-
tion [1, 2, 31, 32]. In a retrospective, observational study that
had included 191,779 COVID-19 patients in whom a serum
25-hydroxyvitamin D level over the preceding 12 months
was available, there was an independent association between
higher SARS-CoV-2 positivity rates and lower circulating
25-hydroxyvitamin D levels. Although 25-hydroxyvita-
min D levels appeared to play a role for all race/ethnicities,
patients from predominately black non-Hispanic zip codes
had higher SARS-CoV-2 positivity than those from predom-
inately white non-Hispanic zip codes at every 25-hydroxy-
vitamin D level, suggesting a greater impact of ethnicity on
the risk of developing COVID-19 [31].

As is the case with COVID-19 infection, there is ample
data to suggest that vitamin D deficiency is associated with
COVID-19 severity and mortality [4—6, 33]. Although con-
tradictory literature exists wherein the relationship between
vitamin D and COVID-19 has been negated [13], several
systematic reviews and meta-analyses, albeit based on obser-
vational studies, suggest a consistent negative association
between serum 25-hydroxyvitamin D levels and COVID-19
disease severity [3, 34-37].

Several mechanisms have been hypothesized to explain
the association between vitamin D and COVID-19 [38-40].
One is through mounting a defense against the virus, partly
through induction of cathelicidin (LL-37) and defensins.
LL-37 acts at several steps in viral infection and is effec-
tive against both enveloped and non-enveloped viruses
[41]. Besides, higher levels of LL-37 in serum correspond
to lower expression of interleukin-17 (IL-17). Hitherto, data
suggest that IL-17 is involved in the pathology of COVID-
19, including the risk of thrombosis [42] and acute respira-
tory distress syndrome (ARDS) [43]. Thus, upregulation of
IL-17 might explain the link between hypovitaminosis D and
COVID-19 severity and acute complications.

A second mechanism linking vitamin D and COVID-19
is the regulation of production of cytokines. Vitamin D pro-
motes upregulation of anti-inflammatory cytokines such as
IL-10, and downregulation of proinflammatory cytokines
such as IL-1, IL-6 and tumor-necrosis factor-alpha. Such a
shift from a proinflammatory to an anti-inflammatory state
can reduce risk of the cytokine storm in COVID-19 [44].

A third mechanism is modulation of the renin—angioten-
sin—aldosterone system (RAAS) and angiotensin-converting
enzyme 2 (ACE2). Vitamin D induces the ACE2/Ang (1-7)
axis activity and inhibits renin and the ACE/Ang II/AT1R
axis, thereby increasing the expression and concentration
of ACE2 and Ang (1-7). ACE2/Ang (1-7) system plays an
important anti-inflammatory and antioxidant role in protect-
ing the lung against ARDS; indeed, ACE2 has been protec-
tive against lethal avian influenza A H5N1 infection [45, 46].
Thus, upregulation of the ACE2/Ang (1-7) system would
have a potential protective role against acute lung injury and
ARDS [40, 47].

Thus, supplementation of vitamin D in patients with
COVID-19 might be expected to be rewarding. Expectedly,
multiple observational and experimental studies have shown
that vitamin D supplementation, either before or after the
diagnosis of COVID-19, is associated with improved clini-
cal outcomes in terms of ICU admission and/or mortality
[7-11]. Nevertheless, contradictory data also exist wherein
vitamin D supplementation has been shown not to be associ-
ated with improved clinical outcomes [13-15, 29]. However,
it should be noted that most of these studies did not report
adjusted risk estimates for clinical outcomes after adjust-
ment for potential confounding factors [13, 15, 29].

The present meta-analysis shows that vitamin D supple-
mentation is associated with improved clinical outcomes
in patients with COVID-19. Besides, subgroup analysis
showed that the patients supplemented with vitamin D
after the diagnosis of COVID-19 were more likely to ben-
efit rather than those supplemented with the drug prior to
the diagnosis. Two studies catering to the use of vitamin D
after the diagnosis of COVID-19 that were included in the
subgroup analysis had used cholecalciferol/calcifediol at a
cumulatively high dose [10, 11]. Thus, it might be prudent
to consider the use of vitamin D as a potential therapeutic
adjunct in COVID-19 patients, especially those with a mod-
erate-to-severe disease requiring hospitalization. However,
the appropriate dose and duration of vitamin D supplementa-
tion remain yet to be explored.

The present meta-analysis happens to be the most com-
prehensive pooled data regarding vitamin D supplemen-
tation on clinical outcomes in COVID-19. A somewhat
similar meta-analysis published earlier in 2021 found no
significant benefit of vitamin D supplementation on mortal-
ity in COVID-19; however, the meta-analysis had included
only three studies. Besides, the authors had presented
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only unadjusted risk estimates, thereby failing to consider
potential confounding factors [48]. On the other hand,
we have pooled data from 13 studies and have provided
adjusted apart from unadjusted risk estimates, to make the
results more robust and generalizable.

We humbly acknowledge the limitations of the meta-
analysis. First, adjusted estimates were not reported in some
studies, hence, they could not be included in the adjusted
pooled analysis. In addition, the covariates reported across
all the included studies were not uniform, and the OR/
HR derived from various studies was adjusted for differ-
ent covariates. Second, most of the studies have considered
the use of vitamin D irrespective of the baseline serum
25-hydroxyvitamin D levels of the patients; therefore, it is
difficult to opine if the response to vitamin D supplementa-
tion would have been different in those with and without
hypovitaminosis D. Data on baseline 25-hydroxyvitamin
D levels were infrequently reported across all the studies,
hence, a subgroup analysis based on the baseline vitamin D
status was not feasible.

Third, the time lag between the onset of COVID-19 symp-
toms and vitamin D supplementation was sparsely reported,
hence, subgroup analysis taking into consideration this time
lag could not be performed. Notably, vitamin D was sup-
plemented as late as 10.3 days (mean) after symptom onset,
which might have circumvented the beneficial effects of vita-
min D had it been supplemented early in the course of the
disease [15, 49]. Fourth, data on COVID-19 severity were
infrequently and inconsistently reported across all the stud-
ies, hence, we could not perform a subgroup analysis based
on the underlying disease severity. Besides, considering the
abundant data showing intersex differences in COVID-19
severity and mortality, a separate subgroup analysis depict-
ing the effect of vitamin D supplementation on men and
women would have been worthwhile. However, the same
could not be performed due to the lack of such data.

Fifth, except for the RCTs by Murai et al., and Lakkireddy
et al., none of the studies mention the degree of rise in serum
25-hydroxyvitamin D levels post-vitamin D supplementa-
tion, hence, we can only speculate if adequate vitamin D lev-
els had been achieved to exert immunomodulatory effects.
Although the appropriate level of 25-hydroxyvitamin D lev-
els required for its immunomodulatory action is not explic-
itly known [26], it has been reported that 25-hydroxyvitamin
D levels > 30 ng/ml are associated with a significant decrease
in the SARS-CoV-2 infection severity and mortality [50].

Lastly, in the absence of data on serum 25-hydroxyvi-
tamin D levels, it remains uncertain if a single high-dose
bolus or daily low dose of vitamin D would be more effec-
tive. In general, a single high-dose bolus of vitamin D, as
used in the studies by Murai et al., and Giannini et al., is
generally sufficient to achieve adequate 25-hydroxyvitamin
D levels in the first 3-5 days following administration [51,

@ Springer

52]; however, high-dose bolus replacement induces long-
term expression of the catabolic enzyme 24-hydroxylase and
fibroblast growth factor 23 (FGF23). Increased expression of
24-hydroxylase leads to diversion of 25-hydroxyvitamin D
to inactive 24,25-dihydroxyvitamin D while FGF23 leads to
inactivation of the enzyme renal 1a-hydroxylase that reduces
the generation of the active metabolite, calcitriol [53]. On
the contrary, a daily dose of vitamin D has more lasting
effects in increasing 25-hydroxyvitamin D levels [54]. In this
regard, maintenance doses of vitamin D administered after
a single bolus dose can be expected to maintain sufficient
vitamin D levels for a longer duration of time.

In conclusion, the present systematic review and meta-
analysis suggests that vitamin D supplementation might be
associated with improved clinical outcomes in terms of ICU
admission and/or mortality, especially in those with moder-
ate-to-severe COVID-19 requiring hospitalization. However,
issues regarding the appropriate dose, duration, and mode of
administration of vitamin D remain unanswered and provide
avenues for further research.
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