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This systematic review was conducted to summarize and clarify the evidence on the association between 25-hydroxyvitamin-D [25(0OH)D]
concentrations and coronavirus disease 2019 (COVID-19) risk and outcomes. PubMed, Scopus, and Web of Science databases and Google Scholar
were searched up to 26 November 2020. All retrospective and prospective cohort, cross-sectional, case-control, and randomized controlled trial
studies that investigated the relation between 25(0OH)D and severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection and COVID-19
severity were included. Thirty-nine studies were included in the current systematic review. In studies that were adjusted (OR: 1.77;95% Cl: 1.24, 2.53;
1?: 44.2%) and nonadjusted for confounders (OR: 1.75; 95% Cl: 1.44, 2.13; /: 33.0%) there was a higher risk of SARS-CoV-2 infection in the vitamin D
deficiency (VDD) group. Fifteen studies evaluated associations between VDD and composite severity. In the studies that were adjusted (OR: 2.57;
95% Cl: 1.65, 4.01; > = 0.0%) and nonadjusted for confounders (OR: 10.61; 95% Cl: 2.07, 54.23; I” = 90.8%) there was a higher severity in the VDD
group. Analysis of studies with crude OR (OR: 2.62; 95% Cl: 1.13,6.05; [: 47.9%), and adjusted studies that used the Cox survival method (HR: 7.67; 95%
Cl:3.92, 15.03; *: 0.0%) indicated a significant association of VDD with mortality, while in adjusted studies that used logistic regression, no relation
was observed (OR: 1.05; 95% Cl: 0.63, 1.75; I*: 76.6%). The results of studies that examined relations between VDD and intensive care unit (ICU)
admission, pulmonary complications, hospitalization, and inflammation were inconsistent. In conclusion, although studies were heterogeneous
in methodological and statistical approach, most of them indicated a significant relation between 25(0H)D and SARS-CoV-2 infection, COVID-19
composite severity, and mortality. With regard to infection, caution should be taken in interpreting the results, due to inherent study limitations.
For ICU admission, inflammation, hospitalization, and pulmonary involvement, the evidence is currently inconsistent and insufficient. Adv Nutr
2021;12:1636-1658.
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Introduction

Vitamin D deficiency (VDD) and insufliciency in adults
and children, as a global problem, is associated with several
disorders, including metabolic disorders, autoimmune dis-
eases, cardiovascular disease, diabetes, and infections, and
has been widely considered by researchers and clinicians
(1). In particular, several studies have investigated the
link between the risk of respiratory tract infections and
VDD (2). For instance, Mamani et al. (3) reported an
association between incidence of community-acquired pneu-
monia and low serum concentrations of 25-hydroxyvitamin
D [25(OH)D], and adverse outcomes were observed in
acute respiratory distress syndrome (ARDS) patients with
VDD (4).
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Vitamin D is a fat-soluble vitamin that plays an impor-
tant role in several physiological processes, such as bone
metabolism, calcium and phosphorus absorption, and im-
mune system function (5). It may reduce the risk of microbial
infections through stimulating innate cellular immunity,
inhibiting the cytokine storm, decreasing proinflammatory
cytokine production, and modulating the adaptive immune
response (6). Vitamin D3 and vitamin D2 are 2 primary
metabolites of vitamin D (7). Unstable 7-dehydrocholesterol
in the skin is transformed to pre-vitamin D3 and stable
vitamin D3, respectively, when exposed to UV-B radiation
(8). Vitamin D3, or cholecalciferol, can also be found in
foods, such as dairy products, eggs, and fish (9). Vitamin
D3 is subsequently converted to 25-hydroxyvitamin D3
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(25(OH)Ds3) through 25-hydroxylase enzyme activity during
the hydroxylation process in the liver. The 25(OH)D;
form then transfers to the kidney and converts to 1lo,25-
dihydroxyvitamin D3 via 1a-hydroxylase, otherwise known
as calcitriol, the active form of vitamin D (8, 10).

Currently, the global community is involved in a novel
pandemic named coronavirus disease 19 (COVID-19), a res-
piratory tract infection caused by the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) (11). The WHO
reported the total global cases of SARS-CoV-2 infection
and death as >61.8 and 1.4 million, respectively (weekly
epidemiological update, 1 December 2020) (12). This novel
coronavirus (SARS-CoV-2), like the other viruses of the -
coronavirus family, is extremely contagious, and COVID-
19 symptoms vary from initially mild symptoms such as
dry cough, fever, fatigue, and gastrointestinal symptoms, to
severe situations requiring admission to an intensive care
unit (ICU) or death in severe cases (13, 14). In some
cases, inflammation can increase following both local and
systemic immune responses generated by this virus and an
increased number of leukocyte and concentrations of plasma
proinflammatory cytokines have been reported in patients
infected with SARS-CoV-2 (15).

Several studies have investigated the association of
25(OH)Dj; concentrations and supplementation with the risk
and severity of respiratory virus infections (16, 17). Indeed,
Martineau et al. (18) conducted a meta-analysis that included
25 placebo-controlled clinical trials (total of 10,933 people)
and concluded that vitamin D supplementation reduces the
risk of acute respiratory infections, especially in people with
the lowest 25(OH)D concentrations.

Recently, a growing body of evidence has emerged re-
garding potential factors affecting the incidence and severity
of COVID-19 (19-21). Recent reports highlight that certain
factors may be effective in controlling this pandemic or
reducing the damage caused by it. Indeed, based on the
global prevalence of VDD (22), it has attracted considerable
attention as a potential factor associated with the risk or
severity of COVID-19, and several studies have reported
on this possible association (6, 23-25). However, results
currently preclude a clear consensus. Thus, we conducted
this systematic review to summarize and clarify the evidence
on the association between 25(OH)D concentrations and
COVID-19 risk and outcomes.
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Methods

The protocol of this study has been registered in PROS-
PERO International Prospective Register of Systematic
Reviews (www.crd.york.ac.uk/prospero/index.asp, identifier
CRD42020203903). The Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement
was used in developing and conducting this systematic
review (26).

Search strategy and study selection

PubMed, Scopus, and Web of Science databases and the
first 500 Google Scholar search results were searched up to
26 November 2020, with no restriction in language. Refer-
ence lists of included studies and relevant review articles were
also scanned for additional relevant studies. The following
search strategy was used for our search: (Coronavirus or
COVID-19 or SARS-CoV-2) AND (vitamin D or 25-OH-D
or cholecalciferol or 25-hydroxycholecalciferol or calcitriol
or 25-hydroxyvitamin D or hydroxycholecalciferols or 25-
hydroxyvitamin D3).

Two reviewers independently assessed the eligibility of
studies. Studies that met the following criteria were included:
I) study design as retrospective, prospective, or cross-
sectional, or case-control studies reporting serum/plasma
concentrations of 25(OH)D; 2) participants as patients
diagnosed with COVID-19 with no restriction on age; 3)
exposure/intervention as serum/plasma concentrations of
vitamin D either reported as a continuous or categorical
variable (deficiency vs. sufficiency); and 4) outcome as SARS-
CoV-2 infection or COVID-19 severity, with severity defined
as at least 1 of the following outcomes—ARDS and/or
mechanical ventilation, ICU admission, length of hospital-
ization, and death. The exclusion criteria were as follows:
I) case reports, abstracts, and summaries of discussion; 2)
insufficient data on vitamin D measurement or COVID-19
outcomes; 3) preprint studies without peer review; and 4)
studies that were not individual based (compared countries
or regions).

Data extraction and quality assessment

The following data were extracted independently by 2 re-
viewers: first author, study design, start and completion
date, geographical location, age and gender composition of
patients, objective of the study [if the aim of the study was
to assess association of 25(OH)D status with risk of SARS-
CoV-2 infection or to assess the association with severity of
disease], definition of VDD, time of serum 25(OH)D mea-
surement, prevalence of VDD and insufficiency, definition
of disease severity, the number of events and nonevents in
the case and control groups, relative risk and 95% Cls for
SARS-CoV-2 infection and disease severity, and adjustment
factors.

Quality assessment of observational studies was assessed
using the Newcastle-Ottawa Scale, which included 3 items:
selection, comparability, and outcome (27). Studies with a
score of >7 were defined as high quality. The Cochrane
risk-of-bias tool was used to evaluate quality assessment
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Review (12)
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Abstract (1)

Effect of pandemic on
25(OH)D (3)

FIGURE 1 Summary of the process for selecting studies that investigated the association of vitamin D status with SARS-CoV-2 infection
and COVID-19 severity. COVID-19, coronavirus disease 2019; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; 25(0OH)D,

25-hydroxyvitamin-D.

of randomized trials. This tool included selection bias,
performance and detection bias, attrition bias, reporting bias,
and the other biases (28).

Statistical analysis

Wherever it was probable, we pooled data and conducted
meta-analysis (SARS-CoV-2 infection, disease severity, ICU
admission, and mortality). We used ORs to estimate the
association between VDD and SARS-CoV-2 infection and
COVID-19 severity. ORs with 95% CIs were obtained using
a random-effects model. In studies that did not report
relative risk, the OR was calculated by the number of
events and nonevents in the case and control groups;
these studies together with studies with crude ORs were
analyzed separately from the studies that reported adjusted
relative risk. To compare concentrations of 25(OH)Dj
between groups, we used the weighted mean difference
(WMD) and its 95% CI. Heterogeneity was evaluated using
Cochrans Q test, deriving its magnitude from the I*. If
at least 10 studies were available, we explored potential
small-study effects, such as publication bias, using visual
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examination of the funnel plot and Egger’s test (29). All
analyses were conducted using Stata version 13 software
(StataCorp).

Results

Characteristics of the study population

As described in Figure 1, 1518 records were obtained by the
literature search. Of these, 57 articles met the inclusion crite-
ria; however, 3 studies were excluded because they used old
25(OH)D data, and 15 papers were preprints (Supplemental
Table 1). Finally, 39 studies were included, with different
geographical locations and ethnic backgrounds, including
Europe (n = 17 studies), North America (United States)
(n = 2), South America (n = 2), West Asia (n = 9), South
Asia (n = 4), East Asia (n = 4), and Africa (n = 1). Ten
studies were of a case-control design, 19 cross-sectional, 2
retrospective cohorts, 2 randomized controlled trials (RCTs),
2 quasi-experimental design, and 4 studies were only descrip-
tive. All studies were conducted in adults, except for 1 study
in children and 1 study in pregnant women. All studies,



except for 2, included both male and female participants; in 1
study, participants were only male (30), and in another, only
females were included (31). Nine studies were not included
in the analysis because 4 of them were only descriptive [only
reported concentration of 25(OH)D in patients; Supplemen-
tal Table 2] (31-34), 1 study was in children (35), and 4
were different in design from other studies [they assessed
the effect of 25(OH) D3 supplementation instead of 25(OH)D
measurement] (14, 36-38).

Twenty-one studies examined the association of 25(OH)D
concentrations with the severity, 14 studies with SARS-
CoV-2 infection, whereas 10 of them assessed severity as a
secondary outcome. Characteristics of studies that examined
the association of vitamin D with SARS-CoV-2 infection are
summarized in Table 1, and those examining COVID-19
severity are summarized in Table 2.

Association of 25(0H)D status with SARS-CoV-2
infection

Nine studies evaluated the relation between VDD and SARS-
CoV-2 infection. Studies that were adjusted (n = 3) (39—
41) (OR: 1.77; 95% CI: 1.24, 2.53; I*: 44.2%; Figure 2A)
and nonadjusted for confounders (n = 5) (42-45, 46) (OR:
1.75; 95% CI: 1.44, 2.13; I?: 33%; Figure 2B) indicated higher
risk of infection in the VDD group (Figure 2). The Blanch-
Rubié et al. (37) study was not included in analysis, because
of a different design. This study was a cross-sectional study
including 2102 patients with noninflammatory rheumatic
conditions and found that no association between intake of
vitamin D supplement and COVID-19 (risk ratio: 0.91; 95%
CI: 0.62, 1.34).

Twelve studies compared 25(OH)D concentration be-
tween COVID-19 patients and healthy subjects. The pooled
analysis of 10 studies (41-49) revealed a lower concentration
of 25(OH)D in cases compared with controls (WMD =
—7.0 ng/mL; 95% CI: —9.49, —4.50; I>= 92.4%; cases,
n = 1899; controls, n = 11,122; Supplemental Figure 1).
Subgroup analysis indicated a greater difference in the studies
that measured 25(OH)D after a SARS-CoV-2 test (WMD =
—10.28 ng/mL; 95% CI: —14.41, —6.16; P = 90.1%; n = 6
studies) compared with studies that used 25(OH)D data
collected before a SARS-CoV-2 test (WMD = —3.0 ng/mL;
95% CI: —5.15, —0.86, > = 80.3%; n = 4 studies). Two
studies were not included in the analysis (35, 50); both studies
indicated that 25(OH)D concentrations were significantly
lower in cases compared with controls. In 1 study, the
participants were children (35); the other study only reported
that COVID-19 patients had a significantly lower 25(OH)D
concentration compared with healthy counterparts; however,
the mean £ SD values of 25(OH)D were not provided (50).
Results of studies are summarized in Supplemental Table 3.

Association of vitamin D status with COVID-19 severity

Twenty-one studies assessed the association of VDD with
severity (composite severity or 1 feature of severity)
as a primary outcome, and 10 studies as a secondary
outcome.

Composite severity

Fifteen studies evaluated the association between VDD and
composite severity. Studies that were adjusted (38, 41, 44, 46,
51, 52) (OR: 2.57; 95% CI: 1.65, 4.01; I> = 0.0%; Figure 3A)
and nonadjusted for confounders (42, 45, 53-55) (OR: 10.61;
95% CI: 2.07, 54.23, I* = 90.8%; Figure 3B) revealed a higher
severity in the VDD group. Four studies were not included in
the analysis; one of these studies was conducted in children
and found a negative correlation between fever symptom
and 25(OH)D concentration (P = 0.02), while no significant
correlations were found between other clinical parameters
and 25(OH)D concentration (35). The other study had a
quasi-experimental design and indicated that vitamin D3
supplementation was inversely associated with Ordinal Scale
for Clinical Improvement (OSCI) score for COVID-19 (8 =
—3.84; 95% CI: —6.07, —1.62; P = 0.001) (56). The third
study, which assessed vitamin D supplementation in patients
with a past history of COVID-19, found that it reduces the
risk of exacerbation and worsening of the disease (OR: 0.29;
95% CI: 0.10, 0.083; P = 0.02) (57). The last study did not
provide sufficient data, and only reported that VDD was
significantly associated with severity; however, no data were
available to indicate this (58). Results of studies have been
summarized in Supplemental Table 4.

ICU admission or stay

Four studies examined the relation between VDD and ICU
admission and 1 study between VDD and ICU stay duration.
Pooled analysis of 3 studies (38, 44, 59) with unadjusted
ORs indicated no significant relation between VDD and ICU
admission (OR: 1.17; 95% CI: 0.67, 2.03; I = 69.3%), while
an RCT that was not pooled with these studies revealed
a lower risk of ICU admission in the intervention group
compared with the control group (OR: 0.03; 95% CI: 0.003,
0.25; P = < 0.001) (36). Carpagnano et al. (59) verified
the association of VDD with ICU stay, highlighting that
10 patients with severe VDD had a median ICU stay of 8 d
with the interquartile range (IQR) of 6 to 11.25., while 32
patients without VDD had a median stay of 12.5 d (IQ25 8,
IQ75 20.5) (Supplemental Table 5).

Pulmonary complications

Eight studies investigated the association of VDD with one
of the pulmonary complication indicators. In Abrishami et
al. (60), an increase in 25(OH)D concentrations yielded a re-
duction in the development of severe lung involvement (OR:
0.96; 95% CI: 0.93, 0.98; P = 0.04). Pizzini et al. (61) found
no significant difference between 25(OH)D concentrations
in patients with or without computed tomographic (CT)
abnormalities (22 vs. 21.6 ng/mL; P = 0.83). Three studies
assessed the relation between 25(OH)D concentration and
progression to ARDS. In a prospective study in 33 hospi-
talized patients, the patients who progressed to ARDS had
a lower serum 25(OH)D concentration on presentation to
the hospital compared with non-ARDS patients [mean (SD):
10.8 (4.8) ng/mL in ARDS and 16.4 (7.6) ng/mL in non-
ARDS patients; P = 0.03] (30), while there was no difference

Vitamin D and COVID-19 1639



(panupuod)

peeee sem
dnoib aanebau
ayy loj pue
6'c¢ sem dnoib
2AIIs0d 23 10}

SJUaWAINSEIW
aHo)sT £%S
Bulpuodsariod :9be 9jPW} ‘879
11341 pue :9be 3jewW 'sajewl
159} -N\0D-SHVS %5881 Ayeay Ajey ‘uepiy
U99M12q €69 :9be ojewsy ‘lendsoH
[eAl1ul Jw/buog> '£'79:9be sew ~C-NOD-SYVYS 61¢C 10yod 3leeyey 020z
— — awy sbelane ay| AHO)SZ WNISS  'S3[PW 04849 :SIUSIed +7-N\0D-SHVS 871 dA1Dds0I19Y uesayl  ‘judy o1 Ateniged (€t) eI
%89¢
3Jew (z8-6+)
i61-aIANOD 89 :5|011U0D S|03U0D pasess|p Apnis
UM pa1e[a1iod %986 DPW /1/7 pue syusped [euon wnibjag
5UOIRIIUSOUOD 1591 Z-\OD-SYYS w/bu oz> '(08-25) 69 (401 pazijendsoy -eAI95q0 ul [eydsoy 0c0z ‘91
— A(HO)ST 1Mo a1y 191Je painses|y A(HO)SZ WNIdS  ‘9be uelpaw :Sjuslied +Z-N\0D-SYVS 981 2AIDadsoNnaYy [plousD  |udy 0191 ydlep (Z¥) 32WS o
3Nsal Yod
C-N\OD-SYVS SU3
PUBJISZUMS WO JO M /£ UIYaIm
syusijed jo 1oyod [sExblale]ileh}
e Ul SUOJIeJIUSIUOD 30 01 palinbal %THS
ewseld g(HO)ST sem sishjeue ‘Slew (18 01 €9) —C-A\OD-SHVS Hoyod 020 71 udy
- ay1 buiqudsag Q ulweya oy — YOI ‘e, :obe uRIPSN 08 '+7-A0D-SHYS /T EIBEINJIEN puBlSZIMS O} | Yalew (8%) 0110AY,d
sbnip 2dULpIdUI SuonIpuod uleds
pue Juswieal} 61-aIA0D Jlewnayl ‘leydsoy
'sallIpIgIoWod uo ayeul Sewsy Kloyeusulejuiuou JO 9DINISS 0202 (£€)
‘obe ‘x5 ( UIWeYIA JO 10945 — — %S508 '7'99 :2be uea|y yumsiuaned zolz  [BUONDRS-SS01)  ABojolewnayy ‘e AeA 01 | YRy olgny-youe|g
ssau||l Jo aseyd
31Nde 3y Jaye (@ELNLEED
9¥eIul g UIWIELIA S| uondajul Z-N\OD-SHVS
uoneywi| isyioue C-\OD-SYVS %0t ‘Auijeay GE '+C-\0D-SYVS AN =4l
‘slapunojuod pue aan 1591 Z-N\OD-SYVS Jw/buzl> ‘3]ew 9509 ‘syuslied 0 'syuedidied 1oyod ul [eudsoy 020z ‘|udy
10§ Juswisn(pe oN U99M13q UONEIRY YIM JU1INdUOD Q(HO)ST WnJas '87°18 :9be uesy (A 59<) AJapI2 501 aAI1Dadsold [EREL pue | yoiep (/) ysewieg
uoIe1S3H JO M
uswom jueubaid g< ‘pazieydsoy
+2-N\0D-SHVS 2I9M OYyM Aoyun|
Ul UOJeJIUSIUOD uswom jueubaid ‘lendsoy
aHo)sT uolssiwpe Jw/bu 07> %001 9wy (+) ansod [[HIETE)] 0202
— winJas alnseaw o 4o Kep ay1 up A(HO)ST WwnJas /68 :obe ueapy -7-\OD-SYYS 7 aAndunsag SENIERY] ‘sunf pue |udy (1€) 1eyeg
s103oe) bunsnfpy uonsanb juswuie}adse fouapysp x3s /(K) aby u ‘azis a|dwes ubisaq Bumas a1ep Apms (494)
Apnis/andafqo QYA Jo dwi] QUA Jo uoniuyaqg ‘A13uno) loyinesii4

L U0ID3JUI Z-A0D-SHYS YUM sniels ( UleliA JO uolleidosse UWum@_umw>C_ sa1pnis JO sdisualdeley)

L 319vL

1640 Kazemietal.



(panunuod)

[w/Bu 0e-0L
‘dHO)sT]
uodAJuI JuaPLyNsul
C-\OD-S4vS Tw/buolL>
pue daa Apnis aHo)sal %G oW —C-\OD-SYVS uel|
paisnipe 10N U99MISQ UONERY  dY3 JO Buljaseq 1y AUETRIIE]g ‘6€ Joabe uRIpBay 09 '+7-A\0D-SYVS €9 [013U02-356D)  “DJuID [eIRURD v 020Z "y21en (6%) luepiey
uolssILpe uo
paInsesaul alam
SUO[1RIIUSDUOD
aHo)sT
winJas ‘syuaned
ul‘610z-810¢
woly
pouad aules
9oU3pPUI oY1 bulnp 9%6'G 9w s|enpIAlpul
INg pue 61-AINOD painsesud slom (009-061) 5§ :abe 096 40 uone|ndod
'sniels buows YlIM pai1eposse SUO[1RIIUSDUOD 'S|0JIUOD %7 pp Djew PaY21eW-X3S
'S9NIPIGIOWOD SI QA Jayiaym aHo)sT Ju/bu og> ‘(¥9-€t) 95 :9be pue -abe ‘syusned euIyd 020T LT Yorew
X35 90y 91eD11S9AUI O] WINISS ‘|0JIU0D U Q(HO)STZ WNJIaS  (YOI) UelpaW :S1udlied 61-JINOD SEE  [BUONDDS-SSOID) ul [eydsoH 01 /7 Aieniga4 (o) oM
$|0J1U0D
Ayyeay pue
syuaned usamiaq
UOJ1BJIUSDUOD %0t :9_W ‘7'GE
a uluwelA [eudsoy 'S|0J3U0D 19509 DewW Ayn|
winIas Jo uonejal 01 UoIssjupe '1'6t ;59582 ~Z-N\OD-SYVS ul [eudsoH 0207 S|
— QU3 2UIWLLIRISP O] 40 Kep yyi4 — Pbeuealy 07 ‘+7-A\0D-SYYS 88 |0JJU0D-958D) AUSIDAIUN KBy 01 ‘pZ Ydley (05) 19019
slenpialipul
Ayyeay pue
siusped 61-JIAOD
U29M313q sniels g
dnoib 61-gIN0D ulweiA bupeduwod 0686 9eul
U3 YIIM X35 pue ‘syusned ‘sdnoib jonuod S|0UOD 0G| £310Y YIN0S
abe Jojy paydlew 61-AINOD buowe uolsisiwpe Jwi/bu 07> Ul 7’76 pue ased pue +7-A0D-SYVS ‘lendsoH 020Z
sem dnoib jonuo) AAA Jo 9ouseAdld JO P / UIYU £A(HO)ST WnIss Ul G'/G :abe ueapy yum syusned og |0JJUOD-958D)  AUSIDAIUN BYU|  ‘Bunf 03 A1eniga4 (S%) W
AJISASS 35835Ip UO
SN1eIS (J UILUeIA JO
ssuanyul s|qissod 791 :ggn-uou
a3 azAeue sdnoib 4O Jaquunu ‘ge
03 pue 61-dIAOD 104 Ul %79 ‘adA Jo Jsquinu
Yum syuaned Bew (0'99-0'99) 'syusiied 61-QIAOD
pazijendsoy 019 :5]0J3U0d Ul 'sjo3uod
Ul SUOI1RIIUSDUOD (00/-5L¥) paseq-uonendod Apnis uledg
a(Ho)sT Juw/Bu o> 0°19:(401) /6l pue |03U0D-958 ‘lendsoH 020T 'L€ Y21y
— WINJ3S $S9S5R O uoIssIuIpe 1y Q(HO)ST WnJas ue|paw ‘abe :sased) +7-N\0D-SYVS 917 9A199ds0119Y JSTSEWVa! 0101 YoIe (i) ZopueuiaH
s101oe) bunsnlpy uonsanb juswujelsadse f>uspysp xas {(K) aby u ‘azis 3|dwes ubisaq Bumas a1ep Apnis (494)
Apnis/aAna(qo d¥Ajoawill Q¥A Jo uoniuyaqg ‘Anunod Joyine)siy

(panunuoD)

L 37avl

1641

Vitamin D and COVID-19



‘Q UIWeAXOIPAY-67'L ‘Q(HO)ST'L ‘€0 UIWBNAXOIPAY-G7
‘€A(HO)ST ‘A UIWeUAAXOIPAY-SZ ‘A(HO)ST ‘@ UIWBIA ‘QUA ‘ADUIDYRP @ UIWRUA ‘JJA ' SNIIABUOIOD SUIOIPUAS A101elidsai 91NDe 219A3S ‘7-A\0D-SYYS ‘22U1Ja1 ‘Jai ‘U0I1Deal UleyD 3selaWA|od ‘YD d ‘6 L0 9583SIP SNIIARUOIOD ‘6 1-AINOD,

SUON

S91IPIGIOWOD
pue sojydelbowsq

SI9PIOSIP D11BWOS
pue du1elydAsd
‘so|geleA

olydesbouwag

Jualpiyd
ul61-alA0D
10} 10158 Xsu e gdA sl
uonds9jul
C-\OD-SYVS
pue uonenua2o°uUOd
A(HO)ST WinJss
UooMilaq uole|al
9y} dulwexs o
sinpe
+2-N0D-SUVYS
ul uonenusaduod
aHo)se

Juondayul
C-N\OD-SYVS
104 4012e) S ddA Sl

SpJodal 9|y
2A1102dS0112) WOl

uoIssIiwpe 1y

uolssiwupe
JO Y $¢ UIYIIM

UOJ1RIIUDUOD
aHo)se
ewse|d
104351 poo|q
snoinaid | 1se9| 1y
(PaPN|IX3 M

qw/bu
ZL> AHO)ST

Juw/bu oz>
aHo)se

w/Bu og>

aHo)se

ewse|d ;,Mo0|,
Jo,Jewndogng,

%09

'9/PW 'O0W §9'G/

'S|OIIUOD ‘%G /1

DeW :ow 9/°101
'syusiied 6 1-QIAOD

%L € 1w (65-C€)

¢y :9be syuaied
‘%01 2ew
(¢s—1¢€) T :(yon

abe uepawl :5|0J3U0D)

%1¥or

DeW (/-GG
*HOI) 69 :2be ue|pay

%907

Dlew 7'/ 2be
ueaul :=¢-A\0D-SHVYS

%ET6Y

9eW ‘9'GE :abe
uesw :4+-¢-A\0D-SYVYS

(dnoub jos3u0d

Ul ualpjiyd Ayyeay

Gy ‘pazijendsoy

pue +z-A\0D-SHVS
0F) Ua1p|iy> 58

$|011U0D AYyjeay
08 '+C-A0D-SYV'S 79

61-AINOD
pPaWIYUOD

yum syusped |7

—C-\OD-SYVS GC0L
‘+T-NOD-SYVS 8L

|0UOD-95)

|01IUOD-358D)

aAndinsag

Apnis 1104od
EINIBEINIEN

Ayn]
ul jeudsoH
AISIDAIUN

eulyo
ur jeydsoH v
eulyo
‘ueynpn
ul ASISAIUN
|eudsoH

|aels| Ul
SDINIDS Y1[PaH

0¢0¢
‘el 01 yduen

020 'Yyare

01 Aleniga4

070t ‘Arenigay4

01 Alenigea4

020T '0€ Y21ey
01 | Areniga4

(S€) ZewiA

(7€) uns

(0v) uoziay

uoneinp siyl Jw/bd g >
U JusWIean aHO)ST'L
SEINEREY 10 Jw/bu 07>
{C-NOD-SYVS 10} $103[qns) A(HO)ST 12221 VSN
Alpigiowod 1591 2AIIs0d Yim 1591 ¢-N\OD-SHVS Isow ay1 Aq %C'SC —C-\OD-SYVS Apnis 11040d ur [exdsoy 020Z ‘01 [udy

pue diydesbowag p21eposse QAASI 240G A L UIYUA  pauysp sem QdA  BBW /Gl :obe UBSN  GOE '+7-A0D-SYYS €9 SAldRds0naY Jluspedy 01 ¢ Ydlew (6€) 193N
s101oe) bunsnlpy uonsanb juswujelsadse fouapysp xas {(K) aby u ‘azis 3|dwes ubisaq Bumas a1ep Apnis (494)
Apmis/anidafqo auajodwll  dMAJo uoniuyeQ ‘Aiuno> loyine sy
(panunuod) L 319vVL

1642 Kazemietal.



(panunuo))
Jluoiyd 191je QUA Yim sem 6 1-dINOD aseyd
‘uonINUISP pajuswa|ddns Jo sisoubelp ay3 Jaye 21n2e 61-AIA0D
-un‘sanijige (91 =u) gz dnoin 10 JeaA Buipadaud Bunnp ERlVIE
|euonsuny 1eaA Buipadaid 93 J12A0 Aliginbal painseaw ul syuaijed
uapusb SY} JoAC QA JaLie uoxel [2SO 941 (ce=u¢ 61-dINOD
‘9be alom yum Apeinbai uonejuswsa|ddns U0 21025 (3510M) dnoib ‘(9] =) Apnis 01 Pa1edIpap
SI9PUNOJUOD pajuswas|ddns €@ UlweyA 1594b1y pue %16 oeu z dnoib [SUENIEGNE] Jun a/ed ainde 020C
[eIu10d (67 = u) | dnoio J3YI9YM SUIULIISP O] Kyjeyiow Aep- | '3g :9be uealy ‘(6 =u) | dnoip -1Isend ouensb auQ ‘Key 03 Yosey (1) J3jIeMULY
syuedpnied
1310 ||e 0}
papuodsaniod aseyd a1noe
dnoib Ul 21025 [DSO
Joresedwiod pue Ayjjeow
ay1 ‘yauow 61-AINOD
Buipasaid ayy 3J9M S3WODINO
urio 61-din0D Klepuodas 6=uU
pupnp (ow pue Arewpd %EE ‘Joyesredwiod p9g
elnuluINg|e -z K1ana | ay1:sbnip DewW /g :obe /G=u 4o dn-moj|o}
‘sanlige 000'08 JO 350p 61-AINOD Jo asn ueaw :Jojeseduwlod) 'UOIIUDAIRIUI ueaw
|euonouny a|buls) €QUA 3y pue A14aAs %1T SUapIsal yum Apnis
‘sbnip paneda) dnoib 61-aINOD Dlew i/°/g 2be swoy-businu [SUENIEGNE] 2ouel4 0202
‘1Iapuab ‘2by uoiuAAIIUL BY | 21025 [DSO 91enjeA9 0]  Ueaul uawiliadxg A1I3p|o |1e1} 99 -1senp Ul awoy buisiny ‘judy 03 yosepy (9G) J9IPMUUY
61-AINOD
Yum syusied
ul Ayjerow
|w/Bu 01> A(HO)ST pue ada %/5'8S
se pauyap sem gaa 2J2/A3S UDIMIDQ Dew 5/ |
2I9A35 ‘Ajlje1IoW uone|Dosse :9bues obe syuaned ueisiyed 0202
— UOISSILIPE 1Y SB pauyap Sem A1IDASS EINENTEIE o]} o'zt :9be ueapy +2-\0D-SYVS OF | 9A1109ds04d ul [eudsoy v ‘[unf 01 yoiep (79) wnfuy
Aupigiowod 61-AINOD
pue ‘abe yum syusned
X35 bulpnpdul ul aWodIN0
SI9pUNOJUOD [euy pue
lenusyod JUSWISA|OAUL
10} paisnipe pun|
sisAjeue JO 1UIIX3 Y3
UoIssalbal uo £Q(HO)sT
Jeauy| Jw/bu 57> g(HO)ST wnias Jo syuaned
91eLRAINW wnias ‘Ayjeuow 9|os dnsouboid %t Ot 9w (4) aAlsod Apnis uel| ul 0202 ‘Judy
‘Ay1|e3I0W IO UOISSILUPE 1Y PUB JUSWSA|0AUL BunT 33 21eNn|eAd o] '81°6G :9be uesy —Z-N\OD-SYVS €/ 9AIDadsoNdy  |edsoy djuwapedy 03 A1eniga4 (09) lweysUay
si01oey juswiuie}dse uonuyap A>uanysp uonsanb xas {(K) aby u ‘azis 9| dwes ubisaq BHumas ‘A13uno) a1ep Apmis (494)
Bunsnfpy QA Jo dwIL ulwelA/uoniuyap Apmis/anndafqo Joyine 1sii4

JSTIEVETS

A119A3S 61-QIAOD YUM SN1E1S O UIWELIA JO UONEIDOSSE PR1eBIISIAUL S3IPNIS JO SolIskaldeley)  Z 319VL

1643

Vitamin D and COVID-19



(panupuod)

KjoAiDadsal
“uw/buol>
pue’61-01 ‘6¢-0C
JO SUOIIRIIUSOUOD

UOI1B[1IUDA
SAISeAUl

1o uonegniul
Jo paau ou

A(HO)SC se pauyap pue un a1ed
a19m Adusidysp S1eIpaWIIU]
2I9A3S pue sisoupoid Kioresidsal
‘Aousdyap a1elspow pue A111aAas Ul pa1eal} Apnis
“ousidyjnsul 9SESSIP YIM '61-dINOD [euon 0¢0¢
1531 Z-A0D-SYVS @ ulueyA SUONP|2110D %1/ Bjeul 0319Np 44y -eAIDSQO ouiprod ‘0¢ [udy #9)
— 1916 paInsesy ‘y1eap ‘nND| 01 Jajsuel| Aue Bu|ssassy 'G9 :9be ueay yum syuaned gy '9A1122d50.419Y [eudsoy ‘Ajey| 01 || Yolew oueubed.ied)
Ainbui
|BUOI1235-55010
eul6l-dinOeD
ENeENo) Yum syuaned
SIY1 JO A1I9ADS @ UIWBUA YUM Jo Aloxsiy 1sed syuanedul syuaned
ay1 bunoaye pajuaws|ddns uonezieydsoy Ul ulaned uon Ul //'8S pazi|eydsoy
10108} 10U Se paJIapIsuod -ejuawajddns pue syuanedino 87 pue ueJj ul 0202
33 1o} parsnlpy 10 paruswiaiddng sem A1I9ASS QUIWRIADYL Ul y/€p 9be uealy syuanedino €0 |BUO[D3S-SSOID)  |ewdsoy AsIsAlUN Keln 01 Yoiey (£5) uaybeg
ssau! (le=u)
Jo aseyd ainde :Syuaied
3y} Jaye QUA siuaned aagn-uou
JO uopelusW Jw/bu 1> A(HO)ST 61-AINOD-uou 6e=u)
-o|ddns ayy "Ay1anss asessip Jo 61-dINOD Yim Ul 9%0¥ 'syuaized gan
S| uoneywl| SI3Jew [edJuld aun syuaned Japjo pue sjualied (A 59< pabe)
Jayioue Kouapuadap-ybiy pazijeudsoy oy 61-aIN0D S|enplAlpul
'SI9pUNOJUOD 1591 7-A\OD-SHVS pue S9UW0DINO pue Ul 9609 2|\ +2-N\0D-SHVS Apnis 1Jo0yod N ESH 0207
10} paisnipe 10N UIM JUSLNDUOD  UOIIR|IIUDA SAISBAUIUON Sn1e1s (J UlWelp ‘97’18 :obe ueay AapPe 0/ aAndadsold  uleydsoy [eiauan ‘Judy 03 yosey (/) ysenieg
10108}
SSU ssau||l
19410 Yum
pa3e[2110d gaA
JI SS955R 01 pUP palp
ssaU|ll6L-AINOD 0l ‘PaAInINS
[e211D %t 1L LL ‘pazijeudsoy
Yam syuaped 9w 76-0C sjuaned VSN ‘Opelojod
Ayljerow ul nNQAIOVmN :2bues abe 61-aINOD aAndudssp ul Ja1ud
— UOISSILUPE ND[1Y  SB PauUyap Sem AIUDASS  WINISS INSeall O] ‘19 abe uelpay [1A|[POID |7 [PUOIIDSS-SSOID) [edIpaW Jo ND)| 0202 ‘Aey (£9) AUIAY
G< 2100S
61-dINOD [2SO Ue Se pauysp
104 pasn (@ 61-dINOD 219N
SIETIEEN OU PaAIadal ‘syusined 6 1-QIAOD
a2yl Jojeledwod A|Jop)o |1ely
Ul Je|IWIS 219M (7€ = u) € dnoio pazijeydsoy buowe
sdnoib ¢ syy sisoubelp [eAlnIns buiaoidwl
'sBnup ‘aseas|p 61-dINOD Ul 9AI1D9Y9
sio1oey juswule}Idse uoniuyap A>uanysp uonsanb xas {(K) aby u ‘azis a|dwes ubisaq Bumas ‘A1auno) a1ep Apnis (494)
Bbunsnfpy QYA Jo dwi] ujwelA/uonIuYSp Apnis/anndslqo Joyinesiiy

JSTIEVETS

(panunuod) z 319vl

1644 Kazemietal.



(panunuod)
N2l
218D DAISUDIUI deW %7°1LS ul Aexs e Jayye
U Keis e (%Y ¥7) 0L< 2led [euonIppe
J9le 61-AINOD "(9%8'8) 10} 31AIeS
yum syuaned jo sieak 0/-St AKbojounsopua Apnis 0DD0ION
Apnis ayi Jo SN1eIS (g UILIBYA "(968:97) Sieak 91 01 panIuIpe [BUONRAIDS Ul IAIDS 02027 '9¢
— Buiuuibag ay1 1y — 9U1SS9sse 0] Gf> GG :abe ueapy swuaned | -qo aAndiDsaQg Abojouroopug  Keyy 01 /| |udy (£¢) letey
Jw/Bu 0z> A(HO)ST
‘(UolepPI|OSUOD)
¢ abe1s
sead Jo ‘(ulened
Buined Azeid)
Z 9be1s anissaiboid
‘(sa1pedo
sse|b-punolb) JZSUEVEN
| abe1s Ajies 61-AIAOD sjuaied Apnis
se uolsa| |edibojoipel YHM pa1e[a1iod pa103Ul |euon}
1591 -N\OD-SHVS 93 UC paseq SUOReUSOUOD %985 —C-\OD-SYVS -eAISsqo |exdsoy 020z ' [udy
SUON 19)Je PaINSERlN  PaYISSeD a1am sjuailed  A(HO)ST Jomo) aiy 9]eW !5'g9 aby pazijeydsoy 98| 2Al1Dadsonay |e1auab ‘winibjag 01 | YoJey (7h) 19WS 3Q
AII9AS 95R3SIP
JO SBWOINO
Jw/6u 0z> Q(HO)ST [eo1upd
A11ISASS 35BSIP JO UM UOIIeIDOSSe
SIJeW [BDIWYD0Iq s11 alo|dxa
pue (Ayjeow pue sjualied os=u
ejuownaud |eydsoy-ul pue 61-aIN0D ‘agA-uou
EIEVEN uolssiupe ND] 0} UoIssiwpe urgan %€S Dew ‘66 = U ‘dnoib
pue ‘qH| [eudsoy ‘eluownaud 219A35) Jo 2dusjeAaid (058 '0°59 ‘4O Aaana :swaled Apnis 1J0yod |eydsoy [eaai 0202
dyD 'x3s ‘aby 30UIS Y 8% UIYHA S9UIODINO [BDIUID EMEVIEE]o¥e]] £/ -9be uelpay 61-AINOD 621 131Ua2-3)bUIS KJenuay ueey| ‘J1dy 03 youey (59) epaiad)
uolssiwpe
N2l=43
Jo Aujigegoid
10J sisAjeue 61-QINOD (joluod
R E(e (uorssiupe 10} pazieudsoy 2yl ul 9z pue
‘NLH) auljaseq nDI 1o sbieydsip siuaned uonuaAIIUL Y}
je sdnoib [1UN Apj9am uayy puowe a1el Ul 0G) Uondaul
usamiaq pue '/ pue ¢ Aep 1e Ayjeyow pue Z-NOD-SHVS
AVEIENTSEIE Bw 9z°0 ‘UoIsSIWpe uolssiwpe N Yum
1ey) sa|gelen 1e QUA bW €5°0) uo 1UBWIRAN %66 2jeul pazijeydsoy uleds (9€) ojiased
10} paisnipy painseaw 10N 'NDI 01 UOISSILIPY  |O1Pa4Id[ed JO 10943 '€G :obe ueay siuaned 9/ 1Dy ‘jeudsoy AusisAiun 020 ‘Aey seualiuj
si0)oey juswuie}adse uoniuyap A>uapysp uonsanb xas {(K) aby u ‘azis a|dweg ubisaq BHumas ‘A13uno) a1ep Apms (494)
Bbunsnlpy QYA Jo dwi] ujweyA/uonIuysp Apnis/anndafqo Joyine siiq

JSTIEVETS

(panunuod)

cIiavl

1645

Vitamin D and COVID-19



(panupuod)

21leuonsanb

01 buipiodde
ENEN[JEIENEN

pue ‘a1elapow ‘pliw
o1u| paziiobHayed
1M syuaned
onewoldwAs ay3

95e3sIP
61-dINOD

Jo Ayijeley

pue A11aAS a1
YIM UONRIDOSSe

DewoldwAs pue S) pue syuaned 059G 9ew Apnis
SnewoldwAse oul 61-aINOD ‘97 Y :obe |euonoas uelsed
Apnis ay3 jo paz1i0b631ed a19Mm urgan ueaw pg 031 ¢ syuaned B eJb) ul [eudsoy 0207
— Buluubagayily  swsied 61-QIAOD YL 93 aululizlep 0L woly pabueraby  +7-A0D-SYVS 891 aAnduasaQ 969]|02 [e2IpaNy ludy 03 yduep (85) ezWeH
C-\OD-SYVS
O3=°np ND|
3y} 01 paniwpe Apnmis
syuaned |euonoas
uolssiupe nD) Alp|a ul %¥S 2w (K09< -Sso 0202
— 4O Aep 151y ay3 u| — AadA Jo aousjerald 67/ :9be uesy pabe) Alep2 9/ 1 aAnduosag |Izeig ui nd| ‘ludy 03 yosey (7€) sanjeduon
p Gee sem
SIUWRINSeaW
QYA pue
159} Z-A\0D-SHVS
usamiaq
[eAJaIUI
auwn abelane
aY1:0z0T
‘Ke|y JO1s| € oYy SUONPIIUSOUOD
pue Alenuer jo QuA @@L =u
15| Y} Udamiaq pue A111a/ss 2I9A3sUOU
'32U0 Ised)| w/6u 0> AHO)SC 61-dIAOD (91 =u) aseasip Ay
1e ‘painseaw ‘paule|dxa J0U Sem usamiaq %879 dew 2I9A3s :syuafed 1i0yod ‘ueN ‘[eydsoH 0707 '/ |udy
— UOM1RIIU3DUOD QA uonedYIsse|d A1IaASS UoNeIDOSSY [79RbeuRs  +7-A0D-SYYS 8T aAndadsonay Jl9eley ues 03 0 Alenige4 (€9) 1w
(lz=Uu) Sagv
01 ssalboid
lou pIp oym
17-\OD-SHYS 350U :5|011U0D
YlMm pa1dsjul (¢L =u) sayv
sjualied sawos 0} passaiboid
ul sgyy o1 syuaned :sased
1e3p ‘UON.|1IUSA uolssalboid pue ‘ejuownaud
|eudsoy [PDIUBYDDW pue 3SPISIP IS SEMCIEY UMOISpIeydUe|g
01 Uolssiupe uonegniul alinbai 01 21NQIUOD %00 |:2]ew -61-AINOD [eydsoH 0207
— 191Je paInsesy ‘'Sgyy 01 uoIssaibold  Q(HO)SZ MO| s30Q ‘09:9be ueaYy  Joj pazijendsoy €€ 10yod Ajjouuo) ‘puejail ‘Yousepy buung (0€) |ne4q
sio1oey juswule}Idse uoniuyap A>usnysp uonsanb xas {(K) aby u ‘azis 9| dwes ubisaq Bumas ‘A13uno) a1ep Apmis (494)
bunsnlpy QUA JodwiL ujwellA/uoniuysp Apnis/anndslqo Joyine )siiy4

JSTIEVETS

(panunuoD)

¢31avl

1646 Kazemietal.



(panunuod)
(9=u
‘g dnolb)
sIylew uolssiwpe
Alojewuleyul NI buninbal
Y1IM UOI1e[2110D syuaned
) pue syuaned 969999 :3jeW INEIERES
61-dIAOD 116 obe pue(lg=u'y
|1 Aj|eano pue ueaw :gdnoin  dnoib) syusied
dliewoidwAse %8S Dlew 61-dIAOD
Ip/bu 07> puowe ¢ 7y :obe onewoidwAse elpu|
Apnis ay3 Jo Q(HO)ST ‘swuaied UORIUSIUOD (J ueawl 1y dnoio (Shlele} [PUOIIBAIDS Ul J21U3D 24D 020202
paisn(pe 10N Buluuibag syl 1y DI 'SA21ewWOoIdWASY  UIWBYA JO SISA[euUy A 09-0¢ papnpul ApniS  -qo aAadsold 61-QINOD AleiaL AN o1 6 aunf (€6) uter
p/Bu 07>
fQ(HO)ST ‘219035
Se paJIspIsuod
Sem Yiesp/OnWD3
pue ‘101e|lIUSA
[eJlURYDIW
‘e[nuued [eSEU ejuownaud
Mmol-ybiy ‘Alddns (eluownaud 1NOYIIM 8|
U2bAX0 ue InoyIM AQ pauysp) 058G 9ew pue ejuownaud
10 Y3IM 5958 KII9ASS 95RISIP 'S|0JU0D Ul 775 Yum
uojssiuipe sapnjoul ejuownaud yum FaHO)ST pue saseds ul z€ '61-dINOD €910} YINOS 020¢ 'sunf
— JO P / UIYuM 03 uolssaibold JO UOI1BDOSSY G'/G :9be uelpaly yum syuaned og |0J1u0d-9s5e)  ‘[eudsoy ANSISAIUN 03 A1eniga4 (S¥) W
UoNRUILLIDISP
Q ulweyA JSTIEVEN
Jo yyuow 35e3SIp UO
ay3 pue SN1eIS g UlUIelA
‘449D ‘wnidjed 40 =9ousnyul (co1=u)
P2123.1100 3|qissod %t'79 Qan-uou yim
-unJas Jwi/bu 07> AHO)ST 2y 9zAjeue O} :dnoib yroq ul syuaned [011uod
‘g ‘uolissaid ‘Ajljeriow [eydsoy-ul pue 61-alAn0D S9|eW ‘S|013U0D (€ =U) QaA
-dnsounuwiwi 10 'UOIIE[IIUSA yim syuaned Ul (099-095) Yim syuaned
'95easIp |eDlURYDW pazi|eudsoy 019 ‘sased ul EINEIEIN Apnis 0202
JluoIyd 10} 3uswialinbal ul fg(HO)ST (00/-S/¥) 0’19 sased ‘syuaned |0I3UOD-358D uteds ul 1€ Yyotey
‘Buowls ‘sby UoISSIWpe 1y ‘ND] 01 UOISSIWPY WINJISS $S9558 0] (YD) uelpawl ‘sby 61-aINOD 61 9ADadsonay  [eudsoy AdsiaAlun 0101 YIleN (1) Zopueulsy
si0)oey juswuie}Idse uoniuyap A>uapysp uonsanb xas {(K) aby u ‘azis 3| dweg ubisaq BHumas ‘A13uno) a1ep Apms (494)
Bbunsnlpy QYA Jo dwi) ujweyA/uonIuysp Apnis/anndafqo Joyine siiq

JSTIEVETS

(panunuo)d)

c3aiavl

1647

Vitamin D and COVID-19



(panupuod)

[eydsoy
Ol uoissiupe Jw/Bu 0> A(HO)ST
uo ‘syualied 1BUPIPBA BSAUIYD
61-dINOD =24} [euonipel] jo %C O -olew
10} {pasn aJom UORRIAISIUIWPY 21815 ‘K 29-0% HOI
61028107 pUB UOISSILIUWIOD) U0 ‘v :9be uelpay
NG woly pouad Paseq AUSWA|OAU] KII9ASS 35R3SIP :I9ASSUON
pue ‘snieis awes ay1 uo Alojelidsal 61-aIN0D 9186 9w 2I9A35UOU
Bupows e1ep Q(HO)ST JO [9A3] 3Y3 UO paseq YlM pai1epposse ‘KES/~01S HOI 107 '219A3S
'SanIpIgIoW0d wnias ‘dnoib PaUILLIRI9P Sem SIQaA J1ayraym 579 :9be ueIpay 7/ ‘syuaned |eydsoH 0207 Yaiep
X35 ‘aby |0J3UOD 3y JoH 61-AINOD 4O A11anaS 21eDNS2AUl O] EIETEIN 61-AINOD SE€ [BUOI1D35-5501) I[Buo] ueynp 03 Alenige4 (9t) on
pa1p
8 pue sayvy
sisouboud padojansp
pue 3s5In0d €8¢ :SaQYy-uou G¢ pue
[e31ul]> 0} '6'£9:5Qyy SV padojanap
lendsoy A(HO)ST winJss e [SYIN-uou syuaned o¢
O} uoissiupe Y1eap pue ‘sqyy Jo uonejal 10 SYIN ‘syualied Axn 0707 'L Aew
— 40 Aep yyi4 pue sy Buidojereg Syl dUIWIRISP O :abe ueay 61-AINOD 88 |o1u03-35e) ul sjeudsoy om| 0} 7 YdIey (05) 19610
Eliilenilale)
[esurd
Yim d(HO)sT
wnJss asedwod
pue ejuownaud %%'95 :2ew
palinboe !/°¢€G :obe ueaw
-AUNnwiwod :95eISIP 1RIPOIN
Yim %8t 9ew
pazieudsoy ‘g1 G :2be ueaw
61-aINOD 9SeISIP SUSASS (Ss=u)
yum suaned ul %8S 2w Plesspoul
UOIRIIUDUOD '7°€6 :obe uesw ‘(sz=u)
aHO)ST v6-g| :2buel by 2I9A3S 'syuaied 0707 'Sl
— — p/bU 07> A(HO)ST JO UONIRIDOSSY syuaned ||y 61-QINOD 08 |BUONDIS-5501D) elssny ul |eydsop Aey 03 | [ludy (SS) enouoieg
p/Bu 07> A(HO)ST Ajenow
1A119As 61-QINOD paiejal
w2154 JO uonedyisse|d pue A111aA9s (z0l =)
aseqeiep 10} dUIlPPIND aIAOD uo |EDIID—2I9AS
pl[V[elinETES |eD1ulD 9saUIYD UO[1BJ3UDUOD %S (=) Apnis
pauonusaw jeudsoy ayx 931 01 buipiodde a(Ho)sT Dew 06-¢ s1elspoul [euon Aaxn] ‘lendsoy
10U 510108} UI0J} panslial payISSe|d sem wnJas Jo |0l :9bues obe ‘syusned -eAIDSqO yoieasal 020202
buipunojuod oloM ele AINODJ0 AaAds By 9yl 21ebIsaAUl O] 'G'¢9 :obe ueapy 61-AINOD 6¥ L EINBEINIEN pue buluiel| Aey 01 | judy (¥S) ueyeiey
si0)dey jJuswule}Iddse uoniuyap A>uapysp uonsanb xas !(K) aby u ‘azis 3| dweg ubisaqg Bumas ‘A1uno) aep Apms (494)
bunsnfpy QYA Jo dwi] ulweA/uonIuLYSp Apnis/anndalqo loyinesii4

ISTIEYETS

(panunuoD)

¢31avl

1648 Kazemietal.



(panunuod)

Jw/Bu Z1> A(HO)ST
‘NDy Jo ‘woddns
Klojelidsas ‘Alddns
uabAxo bulinbal

sisoubelp syuaned Joj 219A3S AdA Yim
EIEEMENIYY pue Juswieas 053¢ (EG 219N
8 pue uoIssiupe plemul uj syusned 'p€ :21eI19pOW)
[eudsoy Jo skep 10} 91eI9pOW uoneluasald syuaned Apnis
1514 Y1 [saun ‘JUaW1eI PIEMINO 95835|p 01 pazieydsoy |euon eLIsNy
7 PaInseaw sem 1 syusned 1oy SN1LIS (J UIUIRLIA /8 pue (pjiu) -BAJ35qO Ul $I91U3D Bujobuo
UOI1BJ1USDUOD p|iw se paziiobayed JO suope|posse 909 2)ew pazieydsoy J21UddNINW 2Jed pue 0202 '6¢
— fA(HO)ST YL sem A111aASs 9seasi( 91eHNsaAUl O ‘86 :abe uelpaly -uou 7z 2AI1Dadsold sieydsoy [elanss  |udy uo uebag (19) 1uizzig
A11I2ASS
95eISIP YIIM
AJjerow SUOI1RIDOSSE S|
10§ SUO[IRIIUDD Jw/bu 07> G(HO)ST pue ‘syuanedul 91 :paseadsp
-Uod gy pue Bunsay “Ayeow pue nd) 03 61-AINOD ‘NDI 01 peniwpe
'SaNIpICIOW0D 61-dIN0D UoIssiuIpe se pauyap Buowe gga 9%/°8Y Dew 7t ‘swusned Jpne Wyl Kemyied a1ed (65)
‘Iapuab ‘o9by 191Je paINses|y Sem 6 -JIAOD 219A3S  JO adudjeAald By '6'G9 :abe ueay +7-N0D-SYVS v€ L 9AI1Dads011aY [e21ulD [820] NN — nojolbeued
%907
D)ew 7/ =be
SI9pIosIp UoNeIIUSOUOD (=) @Anebau
Jlieuwos pue fa(Ho)sT qw/Bbu 0g> A(HO)ST —C-\OD-SYVS
oLaelydAsd ewse|d ‘A1I9ASS JO Jayiew juonezijeydsoy %ET 6L DeW
‘s9|gelien 1041531 poo|q 31 Se PaJapISUOD 61-AINOD 104 '9°'G¢ :9be uesw Apnis 1ioyod SDINIDS 020T 'Ydle
oiydesbowag  snolaald | 15ed) 1y sem uoljezijeldsoH  Joide}ysue dda sl AH7-N0D-SYYS  +7-AOD-SYVS 78/ aAndadsonay Y1|eaH ‘|oels| 03 A1eniga4 (0F) UozZIa|y
Ajjevow
pue uonouny
aunwiwi|
4O sJ91oweled L =u
19pJosIp 'SOUI0DIN0 FSTEVEN
[edIpawl Ju/bu pe> [ea1uld [BDIIID—3I9AS
dluoiYd A(HO)st ‘sisouboud pue d(HO)S¢ %E19 9 = U A112nas
e Jo AI01sIy pue A111aA3S wNJas Uaamiaq D_W 106-07 91eJapoul-pliw
pue ‘Buljows |edsoy ayy 9535 91 I0J Pasn uoeIDoSse :obuel abe !/°gg ‘syuaned uelya| 020C
‘NG ‘X35 2By 01 UOISSIUIPe 1Y/ 3laM L eLIBII DAD 91 21eH1S9AUI O sem abe uealy 61-QIANOD GEC  |BUOID3S-5501) ul [eydsoy v ‘L ke pun  (8€) 1loogqybey
Tw/buoz> %L 9w
A(HO)ST ejnUUED '(#8-99) G/ by
[eseu e Aq papiroid S9UWODINO EIETEIS (le=u
Syuow 1eU3 UeYl MOy} |BDIUID SSIDAPR %6 9w 'UINSS 6y = U
abe snoinald uabAxo Jaybiy Joy 40 ausodwod (2/-05) YOI ‘319A35UOU)
pue ‘aseas|p € U1 UIYIM pa3u J10/pue ‘nNDl 9yl e yiIm gdan ‘€9 :29be uelpa|y syuaned ureds ‘pupepy
deipied ‘AlIsaqo 10 UoISSIWpe 1y 0} UOISSIUIpe 'y1ead  JO UONeIDOSSe ay | :2I9AISUON 61-0INOD 08 aandadsonay Ul jeudsoy Alepdal — (75) eAedepy
si0)oey juswuie}Iddse uoniuyap A>uapysp uonsanb xas !(K) aby u ‘azis 3| dweg ubisaqg Bumas ‘A13uno) aep Apms (494)
bunsnfpy QYA Jo dwi] ulweyA/uonIuLYSp Apnis/anndslqo loyinesii4

ISTIEYETS

(panunuod) z3I1avl

1649

Vitamin D and COVID-19



(panupuod)

SOlIsaloeieyd

Ip/Bu 07> 358D [edIuld
AHO)ST ‘c_ulyd ) pue ‘A14anas %/E
JO UOIssiwwo) 61-dINOD pue Blew (65-CE)ey
YijeaH [euonen UoNPIIUIOUOD :S95eD Ul 9By 61-aINOD
ay3 Jo saulepinb ta(Ho)sT %0t yum pasoubelp
S9IIPIGIOWOD a1 01 buipiodde wNJas Uaamiaq DeW (75-1€) syuaned
pue pauyap sem uonejal YOI 'z :S|onuod 79 pue S|ouod eulyd ‘jeudsoyH 0207 'Yy2Ie
soiydelbowag UolssIuIpe 1y 9582 6 [ -JIAOD 219435 93 ulWexa o] U1 abe uelpaly Ayyesy 08 |0J1U02-3580) s2|doad Ixbueno 03 A1eniga4 (1) 9A
%€'8S
9oUeIRI [RIIA DeW (7’61 01 [qw/bu o>
C-N\OD-SYVS €6€) §'Li1|0Nu0D faHO)ST)
uo uon %G'LE AdA Yum
-eluaws|ddns 9ewW {(15-9¢) +2-N\0D-SHVS
|0J3413[ED3|0YD HO!'0°0S :dnoib J1ewo1dwAs elpu| yiou
Apnis Jo |e40 250p-ybIy UOIIUSAIRIUI Alpjiw 1o ul [eudsoy
— puluuibag syl 1y — 4010343 a1 Ul 9be uelpay dnewoidwAsy ot 10y 2Jed Alejua| — (1) 1Bo1SEY
w/buzL> aHO)SsT
‘(Juawaiinbai
ND] 1o 1521
1B 04£6> UOIRINIES
uabAxo ‘eaudAyel
se pauyap)
EHENISEIENEN
pey syuaiedul
||B 'sUOReDYISSe|D
JSTIEYE
61-AINOD U paseq
‘sn1els aouewlopad
[EENCET!
pue 'sa1IpIgowod |BAIAINS €6 :Syuanedul
‘uolieIn1es UsbAXo pue A111aA3S 176 :s1uanedino
snoauejuods ENEN[oRWII Pyl =u)
uo paseq SN1e1S  UIWRLIA aga-uou Auewlan
S9PICIOWOD SeM UOISS|Wpe Jo suone|posse 9%1G 9w (ly=u) 'BIaq|apIoH
pue Japuab uolssiuipe Jusnedino sa d|qissod (0/-6%) YOI aan yum syuaned ‘leydsoy 070T
‘abe J0j parsnlpy Jo Wi Byl 1y 1uanedul Joj uoisPa( 2Jo|dxs o] ‘09 :2be uelpay ‘syusned g 1oYoD  AUSISAIUN [BDIPSIN ‘sunforydlely  (£1) d1noynpey
61-AINOD
Yum syuaned
pazijendsoy PIAIAINS OYM
Ul Aljeriow pue 9503 :S|01U0D
SUONPIIUSOUOD (ge=u)
Ip/bu0r> d(Ho)sT paip oym
Q(HO)ST ‘219A3s U99M13q 350y} 159582
Se PaJapPISU0D uonePosse 0"/ / DeW '61-AIAOD 0DIXAN AsRM[IN
— — sem A3ljeno EMENIEIEL ‘Y1 G :9be uesy yum syuaned z/ | |eaua)) [eudsoH — (99) a1
sio1oey juswule}Idse uoniuyap A>uanysp uonsanb xas {(K) aby u ‘azis a|dwes ubisaq Bumas ‘A1auno) a1ep Apnis (494)
Bbunsnfpy QYA Jo dwi] ujwelA/uonIuYSp Apnis/anndslqo Joyinesiiy

JSTIEVETS

(panunuod) z 319vl

1650 Kazemietal.



"ND] 01 dUPIIUIPE JO 2iN|iej UBDIO (€ pUE ‘UOIIBIDSNSSS SWN|OA 91dSIP 7/|0UIU 7 < UO[1RIIUSDUOD 91e1D€| WNISS pue BHWIW G9< aInssald [elalie Ueaw ujeiulew o) siossaidosea buninbas uoisuaiodAy bunsisiad) 320ys diweuApowsy

(7 '(11e uBIquIe BuiyIeaIq Uaym BHWW 09> ‘Ord) ainjie) A1o1elidsal (1 :BUIMOY|0) 9U1 JO | 1583] 18 BUIARY SB PaULSP 213M $3SED 211D Y 81 01 1,7 UIYIM 905 < JO Uoissaiboud 1uedyiubs Buimoys Buibew Bun| ( pue ‘(jedsedols| €€ 1°0 = BHWW |)
BHWW 00s> O 01 “Ord JO Olel (¢ 11e Jusiquie BujyIeaIq USYm 9c6> “0dS J213wixo asind (7 ‘Ul /syiealq 0§ < 218l A1o1eiidsal ( :eLa1ld BUIMO||0f 3Y) JO | 1583] 18 19U $358 3I3A3S BUIYY JO UOISSILWOD) YI[eaH [eUOIEN U JO SaUljapind 13d¢
‘(2unyie/uonounysAp uebio-asjdinnw Jo/pue »ooys d1ndas ‘ainjie) A1oyesidsal) [edALD pUe (Y 8F—z UIYLM Play Bun| syl JO 9505 < sa1elljyul bun| Jo/pue ‘9¢6> uoleinies usbAxo
poojq ‘ulw/syrealq g < Adousnbaiy A1o1eiidsal ‘eaudsAp) 95easip 919A8s ‘(U0ND3JUL Jale P 96 JO abeiane ue Uo 193} pue swordwiAs Alotelidsal pjiw) 81eispow—pjiu s9pnpUl Yaiym ‘sisoubold pue A111aAss 8seasip U1 J0j pasn a1em eua1d DAD,
‘(Juswiesn pue buuonuow D] buninbas uondUNSAP uebIo S|diNW IO HD0YS ‘UOIIE|IIUSA [DIURYDSW
Buninbai ainjiey K101e11dsa1 :e1a1112 BUIMO||0) 3Y1 10 Aue Bunaaw “a'1) (PN ( PUB [ 8~ UIYIM 0405 < 10 s1e1jyul Bunj 10 (1531 18) 9€6> COdsS ‘eluuaxodAy ‘Ui syieaiq og < a1el Alo1eiidsal ‘ssansip Aloreldsal :5uimoyjof syi Jo Aue

BueaW "] 219ASS (£ !

‘Jusuwarosdul) [edl

Juowinaud Jo 2UapPIAS [ed160]o1PeI Yuim swordwiAs Kioreldsal 4aAs) @1e19pou (7 ‘buibew; uo ejuownaud Jo subis ou Yam sSWorduiAS pliu plil (| :DUIIP3IA 959UILD [BUORIPERIL JO UOIBIISIUIUPY 91815 PUB UOISSILIWOD ¢

"4 8p—7 UIYIM 960G < UOISsa1b0id UoISS| SNOIAGO smoys Bulbeuwl! 159D 10 BHwWw 00> NOI\NOS (€ 159118 966> UONRINIES USDAXO (7 ‘(UIW/SY1ealq 0E<)
ssansip A1oreidsal (/ :eu11d Buimojjof a1 Jo Aue Jo edussaid syl :21enaS buibew d160ojoipes uo eluownaud yum Buole swordwAs Aleuow|nd pue 193} :81e18pON “AIUSASS 6-AIAQD JO UONRDILISSE|D 10J SUISPING [e1Ul]) 3S3UIYD),
‘q UIWeNAAXOIPAY-G7'L ‘A(HO)ST' L ‘€ UIWIBNAAXOIPAY-G7 "€A(HO)ST ‘A UIuIRIAAXOIPAY-GT
‘(HO)ST ‘A UIWBYA ‘QUA tADUSPYSP g UWeNA ‘gaA ‘uoneinies UabAxo ‘“0ds ‘z sniAPUOIOD SWOIPUAS A101el1dsal S1N28 213ASS ‘7-A0D-SHYS ‘2IN|Ie) [eUaI 4y ‘95UsIajal Jai {|eli) Pa||0uod paziwopuel ‘| Jy ‘ainssaid usbAxo jented oy

11D 10} 3]22S [_UIPIO ‘[DSO {UOISS21631 D135160] 81BLBAIINW ‘YA ‘DUOIPUAS UOJIRAIIDR 96RYdOIDRW ‘YAl ©9S8aSIP 1Y DIWLBYDS| ‘(H] ‘HUN 918D SAISUSIUL ‘ND)] {UOISUSLISAAY ‘N LH ‘@1l Uolieli|Y Jejnialiolh ‘Y40 ‘uabAxo paidsul jo

uopoely ““ol ‘uoneuaBAXO sueIqUIBW [P310dI0dRX3 ‘OINDT ‘SNljIPW $13GRIP A ‘AYdeiBouiol paindwiod ‘| (Uj2101d 3ANR3I-D 44D 6107 35235IP SNIIABUOIOD ‘6 -IAQD PUIOIPUAS SS311sIp A1o1elidsal a1nde ‘Sayy ‘ain|ie) AJojeiidsal sine gy,

w/bu 07 > AHO)ST

Ajpidel 4y 10

SAyy dojanap :eantd

sisoueAd

[eJ1USD pue eaudsAp
dojansp oym pouad
Al1ea ay1 ur ybnod

pue IsA3) :219A9S

swoydwiAs

Aue INOYIIM UedS
15 U0 61-alNnOD

Jo sbuipuy yum
S95eD 1O eluIax0dAY
pue eaudsAp

0 swoldwiAs
noyum Ing ybnod
pUB J9AS) YaIM

61-dINOD

Jo sisoubelp
Y1 Yyum
pazieudsoy
SIET

oym syuaired

(dnoib
(Mo TNNY]]
uIpjiyd Aujeay

eluownaud :21eJ9pOj\  JUSDSI|Ope pue %09 Gz 'pazijeudsoy
UONBUIWIEXS WIISAS uIp|Iyd ur gaa DeW oW $€°/7 pue
AJoyeuidsas [ewiou 4o 2suepodwl F 89'G/ :S|0)U0D 61-AIAOD Ym UPIPaN
UM UonDajul [eawip %G /¥ DeW ‘ol pasoubelp a1am 4o Aynoey
10e11 A1ojelidsal pue 25usjeAaid 16/ F 9L/ 101 oym syuaiied AusIaniun 0207
SUON 9A119ds01191 WL 1addn yum sased pjiy ayyauluIep ol syuaied 61-aIA0D 0t) UIpIYd S8 |013U0D-358D) 3pIg ‘AInL KB\ 01 DIl (S€) Zewi(ix
si0)oey juswuie}Idse uoniuyap A>uapysp uonsanb xas !(K) aby u ‘azis a|dweg ubiseq Bumas ‘A1uno) ?ep Apmis (494)
Bunsnlpy ujwelA/uoniuysp Apnis/anndalqo Joyine jsii4

JSTIEVELS

(panunuod) T 319vl

1651

Vitamin D and COVID-19



A

%

Author  Reference ES (95%Cl) Weight

Meltzer (39) _—— 1.77(1.12,2.80) 3338

Merzon (40) —a— 1.45(1.08,1.95) 4937

ﬁ—~% 3.13(147,6.66) 17.24

Ye @n

B %
Author Reference OR (95% CI) Weight
De Smet (42) 1.84(1.35,2.50) 24.69

Im (“s) 3.72(1.83,7.57) 6.82

Ferrari (3) -

1.35(0.80,2.27) 11.60

Hernandaz  (44) 1.74 (1.26,2.40) 23.25

T

i Lou (46) 1.60(1.27,2.01) 33.64
Overall (/-squared = 44.2%, p = 0.167) <> 1.77(1.24,2.53)  100.00
¥ Overall (/-squared = 33.0%, p = 0.20) 1.75(1.44,2.13)  100.00
NOTE: Weights are from random effects analysis NOTE: Weights are from random effects analysis
T T T T
A5 1 6.66 0.13 1 757

FIGURE 2 Relation between vitamin D deficiency and risk of SARS-CoV-2 infection in studies that adjusted for confounders (adjusted OR)
(A) and studies that did not adjust for confounders (crude OR) (B). ES, effect size; SARS-CoV-2, severe acute respiratory syndrome

coronavirus 2.

between concentrations of 25(OH)D in ARDS [mean (SD):
16.8 (10.5) ng/mL) and non-ARDS [21.8 (15.8)] patients
in Kerget et al. (50) (P = 0.10). Similarly, no significant
association between VDD and ARDS was observed in the
Maghbooli et al. (38) study (17.1% in VDD vs. 11.7% in
non-VDD that progressed to ARDS; P = 0.33); moreover,
bilateral lung involvement was observed in 33.3% in VDD
versus 31.7% in non-VDD (P = 0.86) in this study. Three
remaining studies evaluated the relation between VDD and
risk of ventilation requirement. In a prospective study, VDD
increased the risk of invasive mechanical ventilation and/or
death (HR: 6.12; 95% CI: 2.79, 13.42; P < 0.001) (13).
Consistently, another study indicated a significant relation
between VDD and ventilation requirement (OR: 4.15; 95%
CIL: 1.05, 16.34; P = 0.042) (47), while one reported no
relation (22.8% in VDD vs. 17.14% in non-VDD; P = 0.58)
(44). Confounders were adjusted in the Radujkovic et al. (13)
and Abrishami et al. (60) studies, while not adjusted in the
Baktash et al. (47), Hernandez et al. (44), Kerget et al. (50),
Faul et al. (30), Maghbooli et al. (38), Pizzini et al. (61),

A
Author Reference ES (95%Cl) Weight
Annweiler Groupl (51) N N 12,50 (1.39. 112.7H) 4.11
Annweiler Group2 (51) —ﬁ’— 2.17(0.34,13.86) 578
Heméndez 44 B L 113(0.27.4.75)  9.64
Lou (46) . 2.72(1.23.6.01) 31.58
Macaya (52) e 3.20(0.90.11.39) 1233
Maghbooli (38) —‘— 2.04(094.441) 3343
Ye “n 15.18(1.23. 187.40) 3.15
Overall (F-squared = 0.0%, p = 0.46) <> 2.57(1.65.4.01)  100.00
NOTE: Weights are from random effects analysis :

v(n')_ﬁ 1 IIXT

and Im et al. (45) studies, respectively. Results of studies are
summarized in Supplemental Table 6.

Hospitalization
Three studies investigated the relation between 25(OH)D
and hospital admission and 2 with hospital stay. A significant
association between VDD and risk of hospitalization was
observed in Radujkovic et al. (13) (31% hospitalization in
VDD vs. 69% in non-VDD, P = 0.004) and a marginally
significant relation in Merzon et al. (40) (adjusted OR: 1.95;
95% CI: 0.98, 4.845; P = 0.06). The third study was a
cross-sectional study that compared history of vitamin D3
supplement intake between inpatients and outpatients (57),
where vitamin D3 intake was reported in 30% of outpatients
versus 16.5% of hospitalized patients (P = 0.001).
Hernéndez et al. (44) found a significant relation between
VDD and hospital stay [median (IQR) of 12.0 d (8.0-16.0) in
patients with VDD vs. 8.0 d (6.0-14.0) in non-VDD patients;
P = 0.01], while Luo et al. (46) failed to find a significant
relation between serum 25(OH)D concentrations and length

B %

Author  Reference OR (95% CI) Weight

—at

Im (45) H 5.78(1.81,1845)  20.04
Jain (53) —’H 66.28 (15.15,289.84) 18.86
Karahan (54) T 66.16(22.45, 194.96) 20.31
De Smet  (42) S i 1.52(0.73,3.14) 21.36

Koronova (55) —_—

4.19(1.11,15.77) 19.44

Overall (squared = 90.8%, p=< 0.001) 10.61 (2.07,54.23) 10000

NOTE: Weights are from random effects analysis

T T
0.003 1 290

FIGURE 3 Relation between vitamin D deficiency and COVID-19 severity in studies that adjusted for confounders (adjusted OR) (A) and
studies that did not adjust for confounders (crude OR) (B). COVID-19, coronavirus disease 2019; ES, effect size.
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of hospital stay (B = —0.03, P = 0.64) (Supplemental
Table 7).

Concentration of 25(OH)D between severe and less
severe status of disease

Thirteen studies compared the serum concentration of
25(OH)D between patients with severe and nonsevere status
of COVID-19 (either composite or 1 feature of severity).
Analysis of 12 studies (13, 30, 41, 42, 43, 46, 50, 53-55, 59,
61), with 806 cases and 1024 controls, indicated that serum
concentrations of 25(OH)D in patients with severe status of
disease was lower (WMD = —7.17 ng/mL; 95% CIL: —9.99,
—4.34; > = 87.6%) compared with less-severe counterparts
(Supplemental Figure 2). In all of the studies except for
one (43), 25(OH)D was measured after SARS-CoV-2 testing.
One study was not included in the analysis, since the sample
size according to hospitalization was not reported. Indeed,
in this retrospective study, mean concentrations of 25(OH)D
were 18.38 ng/mL (95% CI: 16.79, 19.96) in hospitalized
and 20.45 ng/mL (95% CI: 20.22, 20.68) in nonhospitalized
individuals (P < 0.001) (40) (Supplemental Table 8).

Inflammatory markers

We assessed the association of VDD with C-reactive protein
(CRP), IL-6, D-dimer, and ferritin in COVID-19 patients.
Nine studies examined the association of at least 1 of these
markers with VDD. In an RCT in 40 COVID-19 patients,
cholecalciferol supplementation did not significantly reduce
CRP and D-dimer (14). A retrospective study in 42 patients
with acute respiratory failure due to COVID-19 (64) revealed
no statistically significant differences in inflammation indices
among the 4 vitamin D groups (normal, insufficiency,
deficiency, severe deficiency). Another retrospective study in
197 COVID-19 patients revealed that only ferritin, but not
CRP, IL -6, and D-dimer, was significantly higher in VDD
compared with non-VDD (44). In a prospective multicenter
observational study in 109 patients, the correlation between
25(OH)D concentrations at follow-up and CRP, IL-6, ferritin,
and D-dimer was not significant. The same was true for
25(OH)D concentrations measured at disease onset and CRP
(r=0.152, P=0.45), IL-6 (r = 0.050, P = 0.80), and ferritin
(r = 0.070, P = 0.73). In contrast, D-dimer concentrations
were moderately associated with 25(OH)D concentrations
(r = 0.437, P < 0.05) (61). Karahan and Katkat (54) in
their retrospective study in 149 COVID-19 patients found
a significant negative relation between serum 25(OH)D
concentration and CRP (r = —0.253, P = 0.002). Kerget et al.
(50) found a significant negative correlation only with CRP (r
= —0.297, P = 0.01), but not IL-6, ferritin, and D-dimer. In
a prospective study in 70 elderly individuals, it was reported
that the VDD group demonstrated higher peak CRP, lactate
dehydrogenase (LDH), and ferritin concentrations (47).
Maghbooli et al. (38) in a cross-sectional study in 235
patients indicated that a relative risk of CRP >40 mg/L
(inpatient mortality serum concentrations) was significantly
higher in VDD. In Radujkovic et al. (13), IL-6 concentration
was significantly higher in VDD versus non-VDD [median

(IQR): 70.5 pg/mL (32.0-326.3) vs. 29.7 pg/mL (14.3-59.9);
P = 0.01]. Only Maghbooli et al. and Radujkovic et al.
adjusted for confounders, whereas the other studies did
not report any adjustment. Results of studies are listed in
Supplemental Table 9.

Mortality

Among 15 studies that assessed the relation between mor-
tality and VDD, 13 studies were included in the analysis.
Pooled analysis of 4 adjusted studies that used the Cox
survival method (13, 51, 56, 60) (HR: 7.67; 95% CI: 3.92,
15.03; I?: 0.0%; Figure 4A) and 5 studies (44, 47, 53,
55, 62) with crude OR (OR: 2.62; 95% CI: 1.13, 6.05; I*:
47.8%; Figure 4B) indicated a significant association of VDD
with mortality, while in adjusted studies that used logistic
regression (54, 59, 65), no relation was observed (OR: 1.05;
95% CI: 0.63, 1.75; I?: 76.6%). Two studies were not included
in the analysis since 1 study had an RCT design (36) and
another one used different statistical methods (64). In the
RCT, 2 deaths in the control group versus no deaths in
the intervention group were observed (36). In the other
study, which had a retrospective design, patients with serum
25(0OH)D <10 ng/mL had a 50% probability of mortality,
while those with 25(OH)D >10 ng/mL had a 5% mortality
risk after 10 d of hospitalization (P = 0.02) (64).

Moreover, 6 studies compared serum concentrations of
25(OH)D between deceased patients and those who survived
(50, 54, 55, 60, 63, 66); pooled analysis of studies indicated
lower concentrations of 25(OH)D in patients who died
compared with those who survived (WMD: —9.05 ng/mL;
95% CI: —13.86, —4.23; I*: 87.8%; Supplemental Figure 3).
Results of studies are summarized in Supplemental Table 10.

Publication bias and quality assessment

Assessment of publication bias was conducted for 25(OH)D
concentration between SARS-CoV-2-positive and —negative
subjects as well as between severe and less-severe COVID-
19 groups. Based on Egger’s test, publication bias was
evident in comparison of SARS-CoV-2-positive with -
negative subjects (P = 0.002) and the funnel plot was
asymmetric (Supplemental Figure 4A). The probable reason
for publication bias may be that the studies with 25(OH)D
data collected before SARS-CoV-2 testing had larger sample
sizes and detected smaller differences compared with the
studies that measured 25(OH)D after SARS-CoV-2 testing.
There was no publication bias in the comparison of severe
and less-severe COVID-19 patients (P = 0.60); however,
a small deviation towards an WMD ~ —5 and an SE ~2
was observed in a funnel plot (Supplemental Figure 4B);
this implies that studies with a smaller SE (more precision)
indicate less difference in 25(OH)D concentration compared
with the pooled WMD. Therefore, it should be considered
that a small overestimation is probable. The quality of most
of the studies was classified as poor (Supplemental Tables
11-14). Moreover, the strength and limitations of studies are
summarized in Supplemental Table 15.
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A %
Author Reference ES(95%Cl)  Weight
Cox
Abrishami 61) T 4.15(1.04, 16.49) 9.37
Annweiler (56) T 9.09(2.27, 36.39) 9.32
Annweiler Group 1 (51) T T 14.28(1.83, 111.51)5.98
Annweiler Group 2(51) -1 & 2.70 (0.44,16.43) 7.04
Radujkovic (13) | &= 14.73 (4.16, 52.17) 10.12
Subtotal (/-squared = 0.0%, P= 0.48) <> 7.67(3.92,15.03) 41.84
MLR
Cereda (64) i 0.58 (0.37,0.90) 16.06
Karahan (54) * 1.08 (1.02, 1.14) 17.48
Panagiotou (59) 0.97(0.42,2.24) 13.28
De Smet (42) “ 3.87(1.30, 11.54) 11.34
Subtotal (/-squared = 76.6%. P= 0.005) <> : 1.05 (0.63, 1.75) 58.16
Overall (/-squared = 83.7%, P = <0.001) <> 2,50 (1.34, 4.64) 100.00
NOTE: Weights are |]‘(\ll\[r{llldl\lll effects analysis .

009 1 112

B

%

Author Reference ES (95% CI) Weight
Anjum (63) T 3.65(1.34,9.95) 26.61
Baktash ~ (47) — 140 (0.36, 5.46) 20.14
Hernandez (44) 0.85(0.27,2.71) 23.53
Jain (53) 8.30(1.86,37.04) 18.13
Karonova (55) I —s v 5.87(0.72, 48.06) 11.59
Overall (I-squared = 47.9%, p = 0.104) <> 2.62(1.13.6.05) 100.00
NOTE: Weights are from random effects analysi
T

T
0.02 | 48.1

FIGURE 4 Relation between vitamin D deficiency and risk of mortality from COVID-19 in studies that adjusted for confounders (adjusted
HR) (A) and studies that did not adjust for confounders (crude OR) (B). COVID-19, coronavirus disease 2019; ES, effect size; MLR, multiple

logistic regression.

Discussion

In this systematic review, we investigated the relation
between 25(OH)D concentrations and risk of SARS-
CoV-2 infection and COVID-19 severity. For this purpose,
we systematically reviewed and, where appropriate, meta-
analyzed the related retrospective, cohort, cross-sectional,
and clinical trial studies that assessed the association of
25(0OH)D concentrations and the risk of SARS-CoV-2
infection, composite severity, or 1 feature of severity.

Higher risk of SARS-CoV-2 infection was observed in
VDD and serum concentrations of 25(OH)D were lower in
COVID-19 patients compared with healthy counterparts, as
indicated by pooled results of both adjusted and nonadjusted
studies. Among the 3 adjusted studies, 2 measured 25(OH)D
in the preceding year before SARS-CoV-2 infection (39, 40);
the sample sizes in one of these studies were sufficiently pow-
ered (case/control: 782/7025) (39). The nonadjusted studies
measured 25(OH)D at admission and the sample sizes were
sufficient in 4 studies (186/2700, 197/197, 128/219, 335/560)
(39, 43, 39, 39). Moreover, concentrations of 25(OH)D were
lower in COVID-19 patients compared with healthy subjects.
Based on the findings, VDD is associated with increased risk
of SARS-CoV-2 infection; however, caution should be made
in interpreting these results, since the studies have inherent
limitations.

All of the studies indicated a lower concentration of
25(OH)D with more severe status (composite severity) of
disease. Furthermore, VDD was associated with composite
severity in studies that were both adjusted and not adjusted
for confounders. The significant relation between VDD and
composite severity was evident in all of the primary studies,
except for the Hernandez et al. (44) and De Smet et al. (42)
studies, where De Smet et al. revealed such a relation only in
males but not in females. Zero heterogeneity was estimated
for adjusted studies based on the I statistic. It should be
noted that the heterogeneity I* statistic can be biased in small
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meta-analyses and so an I* of 0.0% does not necessarily reflect
perfect homogeneity (67).

Pooled results from the studies that were unadjusted
and adjusted studies using Cox survival analysis indicated
a higher risk of mortality in VDD; however, the adjusted
studies that used logistic regression failed to find a significant
relation. The Cox model estimates the instantaneous proba-
bility of death at a particular time, while logistic regression
estimates the cumulative probability; instantaneous risk
could be important as the cumulative probability can be
conditioned by a complex clinical outcome. Moreover, it is
noteworthy to mention that the Cox model tends to have
greater statistical power to detect a significant exposure effect
than logistic regression (68). Among the 4 adjusted studies
that used logistic regression, 1 study indicated higher risk
of mortality in VDD, 2 revealed no significant relation, and
1 study unexpectedly found a lower risk of mortality in VDD.
In this study, the prevalence of >2 comorbidities was higher
in the non-VDD (46.7%) versus the VDD group (30.3%).
Although this difference between groups was not statistically
significant, it could be important because of the small sample
size (n = 30 in non-VDD and n = 99 in VDD). The authors
adjusted for some confounders (age, sex, CRP, ischemic heart
disease, and severe pneumonia), but the effects of other
chronic diseases that were more prevalent in the non-VDD
versus VDD groups (albeit nonsignificant) were not adjusted.
Moreover, the population in this study was old (mean age of
77 y) and so at high risk for other nutrient deficiencies. The
2 studies that were not included in the analysis also indicated
a significant relation, in which 1 study was an RCT (36, 64).
Consistently, pooled results indicated a higher concentration
of 25(OH)D in patients who survived versus those who died.
Overall, evidence indicates that VDD greatly increases the
risk of mortality.

Pooled analysis of unadjusted studies failed to detect any
significant relation between 25(OH)D concentration and



ICU admission, although an RCT indicated a significant
association (36).

For pulmonary complications, results of studies were
inconsistent; 4 studies found a significant relation between
25(OH)D concentration and an increased risk of pulmonary
involvement, while 4 studies failed to find any relation.
Among them, only Radujkovic et al. (13) and Abrishimi et
al. (60) were adjusted for confounders, and both found a
significant association between VDD and risk of pulmonary
involvement. Radujkovic et al. had some other strengths,
such as a cohort design and larger sample size, as compared
with the other studies. Although this study indicated a
very large risk in VDD, the HR in this study was for the
combination of both ventilator requirement and death. In
Abrishami et al., increases in 25(OH)D concentration led to
only a 4% reduction in severe lung involvement. Therefore, it
seems pragmatic to suggest that no conclusion can be drawn
regarding the relation between 25(OH)D and pulmonary
complications.

All 3 studies that examined the association between VDD
and hospitalization indicated a significant relation (13, 40,
57). One study adjusted for confounders and had a good
quality design (13); another study adjusted for confounders
and had a large sample size but the authors used vitamin D
data that were measured in the past (40), while the third study
did not adjust for confounders and had a poor design (57).
With regard to the relation between 25(OH)D concentration
and hospital length of stay, 1 study found a significant relation
(44), while the other failed to find any relation (46). In
total, the evidence is not adequate to draw a conclusion with
regard to the association of vitamin D with hospitalization
admission and length of stay.

We assessed CRP, D-dimer, ferritin, and IL-6 as the
inflammatory markers. Five studies indicated a positive asso-
ciation between 25(OH)D concentration and inflammation.
In 2 studies peak CRP and CRP >40 mg/L were evaluated in
related to VDD (38, 47). In 1 study, only IL-6 was measured,
and in the other 2 studies, the relation was examined using
Pearson correlation coefficients (50, 54). Four studies failed
to detect a significant relation (14, 44, 64, 61); among them,
the highest-quality study was a clinical trial that failed
to discern the effect of cholecalciferol supplementation on
CRP and D-dimer (14), although it does not appear that
25(OH)D concentration is correlated with inflammation in
nonacute phases, given that the evidence is currently not
sufficient.

Several mechanisms are involved in elucidating the
relation between VDD and SARS-CoV-2 infection risk and
outcomes. Vitamin D improves cellular immunity and can
decrease the plasma concentrations of proinflammatory
cytokines, such as TNF-a and IFN-y, that have been
produced as part of the cytokine storm by the innate
immune system in viral infections such as COVID-19, in
addition to increasing concentrations of anti-inflammatory
markers (69). Furthermore, vitamin D can regulate adaptive
immunity response by stopping the T-helper (Th) cell
type 1 (Thl) reaction, elevating production of cytokine

by Th2, and increasing the induction of T-regulatory cells
(70-72).

In addition, due to the highly expressed concentrations
of vitamin D receptors (VDRs) in B- and T-lymphocytes
(73), vitamin D can affect immune system function. VDR is
a member of the nuclear hormone receptor (NHR) family,
which is a known transcription factor (74); indeed, VDR
is present in both T and B immune cells and regulates a
variety of metabolic pathways, such as those involved in the
immune response and cancer (75). High concentrations of
transforming growth factor  (TGF-B) have been reported
in the acute phase of COVID-19, where TGF-f signaling is
closely related to SARS-CoV-2 and is suppressed by VDR via
genomic competition with Mothers against decapentaplegic
homolog 3 (Smad3) occupancy on proinflammatory (e.g., IL-
6) genes and therefore creating a stable physiologic situation
(76).

Another probable mechanism is that vitamin D can
induce cathelicidin, IL-37, and defensins as antimicrobial
peptides, and promote cellular innate immunity and reduce
virus replication (77-79).

It has been posited that vitamin D can enhance the
expression of some genes related to antioxidant systems,
such as the glutathione reductase gene (80); accordingly,
some studies have reported that vitamin D metabolites have
vascular-related functions including anticoagulant effects
through modifying the expression of thrombomodulin and
tissue factor in monocyte and aortic cells (81, 82).

Because of the worldwide increasing prevalence of
COVID-19 as a novel pandemig, it is important to research
potential antiviral treatments or preventions. Therefore,
we conducted this systematic review to investigate the
association of vitamin D concentration with SARS-CoV-2
infection and various clinical outcomes.

Some systematic reviews have investigated the association
between vitamin D3 and COVID-19 risk and severity (83,
84), in addition to a meta-analysis by Pereira et al. (85), which
included 27 studies. The priority of the present study was
to include a higher number of studies and exclude preprint
articles that had not been peer reviewed and studies with
high risk of bias. Moreover, problematically, studies that did
and did not adjust for confounding variables were pooled
together in the Pereira et al. study, while we analyzed these
studies separately.

The main limitation of the present systematic review is
the inclusion of studies that were heterogeneous in design,
methodology, and statistical approach, and since most of
the studies were observational, causality cannot be inferred.
Sex and age are important factors that have been shown to
be related to both COVID-19 and 25(OH)D concentrations
independently. Thus, it is of high importance that the relation
between COVID-19 and vitamin D be verified in different
subgroups of age and sex. Indeed, we were unable to do so due
to the results not being reported separately in the included
studies.

In conclusion, although studies were heterogeneous in
methodological and statistical approach, and some inherent
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limitations were present, the findings of the present study
indicated a significant relation between 25(OH)D concen-
tration and SARS-CoV-2 infection, COVID-19 composite
severity, and mortality. For infection, caution should be taken
in interpreting the results due to inherent limitations of
studies. For ICU admission, inflammation, hospitalization,
and pulmonary involvement, the evidence is currently
inconsistent and insufficient. Moreover, future studies should
investigate the association of COVID-19 with vitamin D in
subgroups of age and sex.
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