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1 | INTRODUCTION results in mild to moderate influenza-like symptoms, including

fever, dry cough, and fatigue but can also lead to serious out-
Coronavirus disease 2019 (COVID-19) is a viral infection caused comes, such as hypoxemia, dyspnea, chest pain, and death. In early
by a highly contagious pathogen named severe acute respira- 2020, COVID-19 infection speedily spread throughout the world
tory syndrome coronavirus 2 (SARS-CoV-2). This disease usually and was announced as a global pandemic by the World Health
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Organization (WHO; Budholiya et al., 2020). Currently, there are
options for COVID-19 management. Some antiviral medications
and monoclonal antibodies may be effective in the treatment of
COVID-19 (Takashita et al., 2022). In addition, various vaccines
containing nonreplicating viral vector, protein subunit, RNA, DNA,
and inactivated virus are approved and available for the prevention
of COVID-19 (Kudlay & Svistunov, 2022). Nevertheless, in spite of
all medical advances in recent years, this infectious disease is still
posing significant threats to public health as well as global econ-
omy. Therefore, it is inevitable to identify different strategies for
the management of COVID-19.

Oxidative stress, an imbalance between prooxidants and an-
tioxidants in favor of the former, has been proposed as a prom-
inent contributor to pathogenicity of SARS-CoV-2 (Cecchini &
Cecchini, 2020). It seems that this virus binds to angiotensin-
converting enzyme (ACE) 2, disturbs the renin-angiotensin sys-
tem (RAS), and causes oxidative stress in the body (Silvagno
et al., 2020). In addition, although SARS-CoV-2 can affect human
beings of all ages, individuals with already elevated levels of oxi-
dative stress including those with old age, obesity, cardiovascular
disease, or diabetes mellitus have been reported to be at greater
risk for severe COVID-19 (Zhou et al., 2020). It seems that oxi-
dative stress per se can weaken the immune system, induce viral
activation, stimulate the production of proinflammatory chemo-
kines and cytokines, and lead to inflammation and cell death in
people with COVID-19 (Chernyak et al., 2020; Delgado-Roche &
Mesta, 2020). Given these evidences, oxidative stress may have
a role in the incidence, severity, and mortality of COVID-19, and
therefore, antioxidants could be a potential intervention to control
COVID-19.

Primary enzymes Secondary enzymes

Antioxidants are endogenous or exogenous substances that
prevent, delay, or repair oxidative damage to biological macro-
molecules (Halliwell, 2007). As shown in Figure 1, these beneficial
substances are classified into two groups based on the presence
or absence of enzymatic activity. In the group of enzymatic anti-
oxidants, glutathione peroxidase, catalase, superoxide dismutase,
and peroxiredoxins are present as examples of primary enzymes,
and glutathione reductase, glucose-6-phosphate dehydrogenase,
and glutathione S-transferases are present as examples of second-
ary enzymes (Mehta & Gowder, 2015; Nimse & Pal, 2015; Ratnam
et al., 2006). In the group of nonenzymatic antioxidants, there are
multiple subgroups that are mainly derived from dietary sources.
These subgroups include vitamins (e.g., vitamins A, D, E, and C),
minerals (e.g., zinc and selenium), quasi-vitamins (e.g., a-lipoic
acid), plant pigments (e.g., carotenoids), organosulfur compounds
(e.g., allyl sulfide), nonprotein nitrogen compounds (e.g., histidine),
and polyphenols (e.g., ellagic acid; Carocho & Ferreira, 2013;
Sharma et al., 2018; Zhang & Tsao, 2016). Generally, antioxidants
can inhibit the generation of free radicals, quench singlet oxy-
gen, interrupt the propagation of autoxidation chain reactions,
convert hydroperoxides or metal prooxidants into stable prod-
ucts, suppress prooxidative enzymes, and enhance immune sys-
tem (Rajendran et al., 2014). It is interesting that they may even
function as antiviral agents. For instance, some polyphenols have
high binding affinity for pivotal proteins of SARS-CoV-2 such as
spike protein, RNA-dependent RNA polymerase, papain-like pro-
tease, and 3-chymotrypsin-like protease (Paraiso et al., 2020).
Importantly, these pivotal proteins are involved in the host cell rec-
ognition, transcription, and replication of SARS-CoV-2 (Cannalire
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All in all, antioxidants may be helpful for individuals infected
with SARS-CoV-2. Therefore, we carried out a systematic review of
human observational and interventional studies to investigate the
role of some important antioxidants in major clinical outcomes of
subjects with COVID-19. In the present review, we focused on six
well-known antioxidants including vitamin A, vitamin E, vitamin C,
zinc, selenium, and a-lipoic acid as well as one vitamin with recently

discovered antioxidant property, i.e., vitamin D.

2 | METHODS

2.1 | Research question

This review was performed according to the guidelines available
for systematic reviews of observational (Stroup et al., 2000) and
interventional studies (Page et al., 2021). The PECO/PICO ap-
proach (participants, exposure/intervention, comparator, and out-
come) was used to define the review question (Morgan et al., 2018;
Santos et al., 2007). The participants of the studies included in this
systematic review were individuals with COVID-19, regardless of
their age. In observational studies, different dietary/supplement
intake or biological sample levels of vitamins A, C, D, or E, sele-
nium, zinc, or a-lipoic acid were compared with each other. In in-
terventional studies, supplementation with vitamins A, C, D, or E,
selenium, zinc, or a-lipoic acid was compared to matched placebo,
control group, or none (i.e., without comparator). The outcomes
of this systematic review were clinical outcomes of COVID-19
reported in the included studies (e.g., disease severity, disease
manifestations and complications, inflammatory biomarkers, hos-

pitalization, and mortality).

2.2 | Search strategy

Google Scholar, Cochrane Library, Web of Science, Scopus, and
Medline were searched up to January 11, 2021. The literature
search was done using the following Medical Subject Headings
(MeSH) and non-MeSH terms without restrictions: (“vitamin A"
OR ‘“retinoid” OR “retinol” OR “retinal” OR “retinoic acid" OR
“retinyl ester” OR “aquasol A" OR “vitamin C" OR “ascorbic acid"
OR “ascorbate” OR “vitamin D" OR ‘“cholecalciferol” OR “cole-
calciferol” OR ‘“ergocalciferol” OR “calciferol” OR “hydroxy-
cholecalciferol” OR “calcifediol” OR “25-hydroxyvitamin D" OR
“calcidiol” OR “25-hydroxycholecalciferol” OR “calcitriol” OR
“1,25-dihydroxyvitamin D" OR “1,25-dihydroxycholecalciferol”
OR  ‘“alfacalcidol” OR  “l-alpha-hydroxyvitamin D” OR
“1-a-hydroxyvitamin D" OR “paricalcitol” OR “vitamin E" OR “to-
copherol” OR “tocotrienol” OR “selenium” OR “selenite” OR “se-
lenate” OR “Se” OR “zinc” OR “Zn” OR “thioctic acid" OR “alpha-lipoic
acid" OR “a-lipoic acid" OR “lipoic acid") AND (“COVID-19” OR “coro-
navirus disease-19" OR “coronavirus disease 2019” OR “2019-nCoV”
OR “2019 novel coronavirus” OR “SARS-CoV-2" OR “severe acute

respiratory syndrome coronavirus 2" OR “Wuhan coronavirus”). The
full search strategy for each database or search engine is presented
in Table S1.

2.3 | Study selection

The study selection was done by two independent authors. First,
the title and abstract of publications were screened to find perti-
nent ones. Second, the full text of pertinent articles was screened
to discern eligible observational and interventional studies. The
inclusion criteria for observational studies were: (1) studies with
observational design (cross-sectional, case-control, cohort, and
ecological study); (2) studies conducted on COVID-19 patients; (3)
studies considered different levels of vitamins A, C, D, or E, sele-
nium, zinc, or a-lipoic acid in eaten foods/supplements or biological
samples as the exposure of interest; (4) studies considered any clini-
cal outcomes of COVID-19 (e.g., disease severity, disease manifesta-
tions and complications, inflammatory biomarkers, hospitalization,
and mortality) as the outcomes of interest; and (5) studies reported
the relationship between the exposure and outcome of interest in
the form of odds ratio, relative risk, hazard ratio, § or B coefficient,
or correlation coefficient. The inclusion criteria for interventional
studies were: (1) studies with interventional design (pre/post trial,
quasi-experimental trial, and randomized controlled trial); (2) studies
performed on COVID-19 patients; and (3) studies investigated the
effect of infusion or oral supplementation with vitamins A, C, D, or E,
selenium, zinc, or a-lipoic acid on any clinical outcomes of COVID-19.
The exclusion criteria for observational and interventional studies
were: (1) observational studies reported the percentage, median, or
mean of the above outcome of interest in different subgroups of the
above exposure of interest or vice versa (e.g., descriptive studies);
(2) observational studies considered sunlight exposure, an imprecise
estimate of vitamin D status (McCarty, 2008), as the exposure varia-
ble; (3) observational studies considered the incidence of COVID-19
as the outcome variable; (4) interventional studies administered
one of the aforesaid seven antioxidants in combination with other
nutrients; (5) studies reported duplicate data; (6) studies written in
non-English languages; and (7) studies published as preprints (not
peer-reviewed articles), perspectives, commentaries, editorials, let-
ters, reviews, conference reports, case reports, study protocols, in

vitro or ex vivo experiments, and animal models.

2.4 | Dataextraction

General characteristics of observational and interventional re-
searches were extracted and tabulated by two independent
investigators using the Cochrane data collection form. These char-
acteristics include author names, year of publication, study design
and location, mean age of patients, total and gender-specific sample
size, exposure, intervention and control groups, and main results of
COVID-19 clinical outcomes. It is worth mentioning that the level of



FOSHATI eT AL.

ﬂ—Wl LEY-

agreement between investigators for data collection was appropri-
ate (Kappa = 0.81).

2.5 | Quality assessment

The quality assessment of studies was conducted by two independ-
ent reviewers using the Academy of Nutrition and Dietetics Quality
Criteria Checklist (QCC) for Primary Research (Academy of Nutrition
and Dietetics, 2016). The quality of each study was rated as posi-
tive, neutral, or negative according to the applicability of findings
to practice, and 10 validity questions regarding research question,
participant selection and withdrawal, intervention/exposure, com-
parison, study blinding, the reliability of outcome measures, statis-
tical analysis, study limitations, and funding sources. The level of
agreement between reviewers for quality assessment was very good
(Kappa =0.92).

3 | RESULTS

3.1 | Literature search
As presented in Figure 2, 3817 publications were retrieved through
searching four online databases and one search engine. After ex-

cluding duplicate publications, 2670 reports were left for screening.

In primary screening, 2571 papers were removed based on title
and abstract. In secondary screening, 63 papers were removed
based on full text. Lastly, a total of 36 studies, 27 observational
(Abrishami et al., 2021; Anuk et al., 2021; Arvinte et al., 2020;
Bagheri et al., 2020; Baktash et al., 2021; Carpagnano et al., 2021;
Daneshkhah et al., 2020; De Smet et al., 2021; Hars et al., 2020;
Heller et al., 2020; Hernandez et al., 2021; Jothimani et al., 2020;
Karahan & Katkat, 2021; Laird etal., 2020; Luo et al.,2021; Maghbooli
et al., 2020; Merzon et al., 2020; Moghaddam et al., 2020; Padhi
et al., 2020; Panagiotou et al., 2020; Pizzini et al., 2020; Radujkovic
et al., 2020; Singh et al., 2020; Yasui et al., 2020; Ye et al., 2021;
Yilmaz & Sen, 2020; Zhang et al., 2020) and 9 interventional
(Annweiler, Corvaisier, et al., 2020; Annweiler, Hanotte, et al., 2020;
Carlucci et al., 2020; Castillo et al., 2020; Derwand et al., 2020;
Hiedra et al., 2020; Rastogi et al., 2022; Yao et al., 2021; Zhang
et al.,, 2021) studies, were included in the current systematic review.

3.2 | Study characteristics and quality

The characteristics and quality of observational and interven-
tional studies are summarized in Tables 1 and 2, respectively.
The included studies were published between 2020 and 2022.
According to the time of conducting the studies, the follow-
ing SARS-CoV-2 variants are covered in this systematic review:

Alpha, Beta, Gamma, Delta, Epsilon, Zeta, lota, and Kappa (World

)
= Records identified through database searching
& (=3817)
<
23
=
k=]
=
D
=
]
v
—
Records after duplicates removed
( ) (n=2670)
o0
g
g v Records excluded (n=2571):
3
g Records screened | —">| Non-relevant articles (n=2456)
(n=2670) Review articles (n=115)
—
Y Full-text articles excluded
Full-text articles assessed for (0=63):
E eligibility COVID-19 incidence (n=9)
= (n=99) Descriptive studies (n=8)
E Duplicates (n=3)
~ Sunlight exposure (n=3)
¥ Preprints (n=16)
— Studies included in qualitative Non-English articles (n=1)
synthesis (sysiematic review) Case reports (n=5)
(n=36) Letters (n=11)
= Conference reports (n=1)
§ v v Study pl*(?toc ol.s (n=3)
E Observational Interventional Multi-nutrient B
— studies studies supplementation (n=3)
(n=27) (n=9) FIGURE 2 Flow diagram of the study
- selection process
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Health Organization, 2022). The included studies were performed
in USA (n = 5; Arvinte et al., 2020; Carlucci et al., 2020; Derwand
et al., 2020; Hiedra et al., 2020; Yao et al., 2021), China (nh = 4; Luo
et al., 2021; Ye et al., 2021; Zhang et al., 2020, 2021), Germany
(n = 3; Heller et al., 2020; Moghaddam et al., 2020; Radujkovic
et al., 2020), Iran (n = 3; Abrishami et al., 2021; Bagheri et al., 2020;
Maghbooli et al., 2020), India (n = 3; Jothimani et al., 2020; Padhi
et al., 2020; Rastogi et al., 2022), Turkey (n = 3; Anuk et al., 2021;
Karahan & Katkat, 2021; Yilmaz & Sen, 2020), multi-countries (n = 3;
Daneshkhah et al., 2020; Laird et al., 2020; Singh et al., 2020), UK
(n = 2; Baktash et al., 2021; Panagiotou et al., 2020), France (n = 2;
Annweiler, Corvaisier, et al., 2020; Annweiler, Hanotte, et al., 2020),
Spain (n = 2; Castillo et al., 2020; Hernandez et al., 2021), Austria
(n = 1; Pizzini et al., 2020), Belgium (n = 1; De Smet et al., 2021),
Italy (n = 1; Carpagnano et al.,, 2021), Switzerland (n = 1; Hars
etal.,, 2020), Israel (n = 1; Merzon et al., 2020), and Japan (n = 1; Yasui
et al., 2020). All studies, except one which was done only on women
(Anuk et al., 2021), were conducted on both sexes. Also, all studies,
except one which was performed on children (Yilmaz & Sen, 2020),
were carried out on adults (218years old). The included studies
were designed as cross-sectional (n = 6; Bagheri et al., 2020; Heller
et al., 2020; Luo et al., 2021; Maghbooli et al., 2020; Moghaddam
et al., 2020; Panagiotou et al., 2020), retrospective cohort (n = 6;
Abrishami et al., 2021; Carpagnano et al., 2021; De Smet et al., 2021;
Hars et al., 2020; Karahan & Katkat, 2021; Merzon et al., 2020), pro-
spective cohort (n = 5; Arvinte et al., 2020; Baktash et al., 2021;
Pizzini et al., 2020; Radujkovic et al., 2020; Yasui et al., 2020), case-
control (n = 5; Anuk et al., 2021; Hernandez et al., 2021; Jothimani
et al., 2020; Ye et al., 2021; Yilmaz & Sen, 2020), ecological study
(n = 5; Daneshkhah et al., 2020; Laird et al., 2020; Padhi et al., 2020;
Singh et al., 2020; Jinsong Zhang et al., 2020), quasi-experimental
trial (n = 5; Annweiler, Corvaisier, et al., 2020; Annweiler, Hanotte,
et al,, 2020; Carlucci et al.,, 2020; Derwand et al.,, 2020; Yao
et al.,, 2021), randomized controlled trial (n = 3; Castillo et al., 2020;
Rastogi et al., 2022; Zhang et al., 2021), and pre/post trial (n = 1;
Hiedra et al., 2020). All studies were rated as neutral quality except
three that were rated as positive quality (Castillo et al., 2020; Rastogi
et al., 2022; Zhang et al., 2021).

3.3 | Vitamin A
For vitamin A, no observational and interventional studies had crite-

ria for inclusion in this systematic review.

34 | VitaminC

For vitamin C, one observational (Arvinte et al., 2020) and two in-
terventional (Hiedra et al., 2020; Zhang et al., 2021) studies were
included in this systematic review. Interestingly, although no rela-
tionship was found between serum vitamin C levels and mortal-
ity in patients with COVID-19 (Arvinte et al., 2020), intravenous

supplementation with vitamin C significantly decreased mortality in
severe cases (Zhang et al., 2021). In addition, vitamin C supplemen-
tation significantly reduced levels of inflammatory biomarkers such
as interleukin-6, ferritin, and D-dimer in COVID-19 patients (Hiedra
et al,, 2020; Zhang et al., 2021). Furthermore, supplementation with
vitamin C caused a significant increase in Horowitz index, the ratio
of arterial oxygen partial pressure to fractional inspired oxygen
(Zhang et al., 2021). Nevertheless, vitamin C supplementation did
not affect the length of hospitalization, disease complications, and
some other clinical outcomes of subjects infected with SARS-CoV-2
(Hiedra et al., 2020; Zhang et al., 2021; Tables 1 and 2).

3.5 | VitaminD

For vitamin D, 20 observational (Abrishami et al., 2021; Bagheri
et al, 2020; Baktash et al., 2021; Carpagnano et al., 2021;
Daneshkhah et al., 2020; De Smet et al., 2021; Hars et al., 2020;
Hernandez et al., 2021; Karahan & Katkat, 2021; Laird et al., 2020;
Luo et al,, 2021; Maghbooli et al., 2020; Merzon et al., 2020; Padhi
et al., 2020; Panagiotou et al., 2020; Pizzini et al., 2020; Radujkovic
etal.,2020; Singh et al., 2020; Ye et al., 2021; Yilmaz & Sen, 2020) and
four interventional (Annweiler, Corvaisier, et al., 2020; Annweiler,
Hanotte, et al., 2020; Castillo et al., 2020; Rastogi et al., 2022) stud-
ies were included in this systematic review. Insufficient vitamin D
levels were significantly related to the occurrence of COVID-19
manifestations such as fever, hypoxia, lymphocytopenia, and un-
consciousness (Maghbooli et al., 2020; Yilmaz & Sen, 2020). In addi-
tion, vitamin D status was significantly and inversely associated with
lung involvement and ventilation requirement in COVID-19 patients
(Abrishami et al., 2021; Baktash et al., 2021). Moreover, although
one study reported no relationship between dietary vitamin D in-
take and hospitalization (Bagheri et al., 2020), another study found
a significant positive relationship between plasma vitamin D insuf-
ficiency and hospitalization (Merzon et al., 2020). Interestingly, a
randomized controlled trial also showed that vitamin D supplemen-
tation significantly decreased intensive care unit (ICU) admission
in individuals with COVID-19 (Castillo et al., 2020). Furthermore,
some observational studies detected a significant reverse rela-
tionship between vitamin D status and inflammatory biomarkers
including C-reactive protein (CRP), high-sensitivity CRP, D-dimer,
serum ferritin, and neutrophil and lymphocyte counts (Daneshkhah
et al, 2020; Herndndez et al., 2021; Karahan & Katkat, 2021;
Maghbooli et al., 2020; Pizzini et al., 2020); however, other ob-
servational studies did not (Hernandez et al., 2020; Panagiotou
et al., 2021; Pizzini et al., 2020). Likewise, the effect of oral vitamin
D supplementation on inflammatory biomarkers was inconsistent in
an interventional study of COVID-19 patients (i.e., the positive ef-
fect on fibrinogen and neutral effect on others; Rastogi et al., 2022).
Additionally, five studies found a significant protective role of vita-
min D against the severe form of COVID-19 (Bagheri et al., 2020;
Luo et al., 2021; Maghbooli et al., 2020; Radujkovic et al., 2020; Ye
et al., 2021), but one study did not (Hernandez et al., 2021). Besides,



FOSHATI eT AL.

ﬂ—Wl LEY-

|eq3naN

|elInaN

EELEIN

EELEIN

|elInaN

|elInaN

|eJ3naN

|ed3naN

[e43NaN

[e43NaN

|ed3naN

EIMEIN
EELEIN

|eJ3naN

|ed3naN

[elInaN

<Ajenb
Apms

(-) AnjeaoN
(+) uonjezijejidsoH

(@) AMjerIoN (@) d¥D (@) s8ulpuly

[e2130j0lpel 3saYD (@) Z-SMIAN
(@) sauswauinbai us8Axo pasealdu|

(+) ssausnolosuodun

‘(+) eixodAH ‘(+) elusadojAdoydwAg

(+) d¥D ‘(+) A31enss aseasiq

(@) A3uaA3s aseasiq ‘g
(@) A3112A3s aseasiq (@)

9-11 (@) d¥dD ‘(-) uiIa4 (=) Jswip-a 'T

(+)

juswaJinbai uoieIUSA (@) sSulputy

|ea13ojolped 3say) (@) A3ljerloln
[(®PELEE|

(=) Al1aAas aseasiq ‘¢
(+) A1l1aASs aseasiq ‘T

(=) 3unod a3Ad0ydwAT (=)

3unod JiydonaN ‘(-) d¥d (-) Axje3low

(@) So|eway uf [BAIAINS
‘(=) Sajew Ul [BAIAING (@) So|eway
ur AJl[e3I0IN ‘(+) s9jew ul AyljeioN

(-) [eAIAINS ‘(+) A[E3ION

(=) [eAIAINS (+) AJle3IOIN T
(=) JuswaAjoAul unT °

(@) uonezijendsoH ‘(-) A1uaAas aseasiq

(+) Ayie3loN
(@) uonezieyidsoy
JO Y18ua ‘(+) AuaAas aseasiq

(@) Aljerion

ssuipuy ute

$|9A3] A(HO)ST POOIq Uean
s|2A3] A(HO)ST ewseld jw/Supg>

S|9A3] A(HO)SZ wnJes

s|2A3] A(HO)ST WnJds Jw/SuQe>

S|9A3] A(HO)ST WnIds [W/8u0Z> T
S|9A3] A(HO)ST WnJas T

S|9A9| A(HO)ST WinJas |w/SugTs
S|9A9] A(HO)ST wnias

S|2A9] 4(HO)SZ WnJas 'z
S|2A3] A(HO)ST WnJas [w/8uoz> T

S|9A3] A(HO)S T wnJes

S|9A9] A(HO)SZ WiNJas [ul/8uQz>
S|9A9] Q(HO)SZ Wintas |w/8u OT>

[9A9] Q(HO)ST WinJas jw/3uGz> '
[9A3] A(HO)GT wnJas °T

ejul uswiajddns €q uiweip

S|9A9| OAIOVMN wnJas _E\MC 0c>

s|oA3] A(HO)ST WnJas [u/8uZT>

S|9A3] D UIWE}A WNISS

ainsodx3

Apnjs |e2130]007

110402 9A1309ds0.439y

|BUOI}295-SS04D)

|BUOI}295-SS04D)

|0Jju0d-3se)

140402 9AI322dso.d
|0J3u0d-ase)

|0J3u0d-3se)

140402 9A1309ds0.19Y

140402 9A1309ds0.19Y

140402 9A1302ds011ay

140402 2A1302ds0439Y
|eUOI3095-SS01D)

140400 3A1302ds0.41aY

|eu0I329s-SS0.4D)

140y02 3AI1302ds0.d

usisag

"M3IASJ D13BWD]SAS BU3 Ul papN|dUl S3IPNIS [BUOIJEAIDSCO 9Y} JO MAIAIBAQ T 374dV.L

AN
1574

89

65

09

44

€9

98

G9

SS
18
69

SS

19

(saeaA)
a8e ueay

S911031149)
uojun/aiess /g

(€4SY/¥€T€E) L08L

(T9/€L) ¥ET

(T6/t¥1) G€C

(091/€52) €T¥

(8%/L5) SOT

(6€/91) S8

(£8/59) T¥T

(89/18) 6¥1T

(S6/59) 09T

(cr/0¢) Tv

(92/Ly) €L
(4N) 0TS
(££/60T) 98T

(06%/50%) 568

(9/51) 12

(o1eway
/3lew) azis a|dwes

elpu|

|oeus|

AN

uel|

uledg

AN
Aayany

eulyd

Aaypan]

pueazIms

Aley

uel|
uel|
wnig|ag
eulyd

vsn

uoijedso’]

(0z07) "1e 32 lyped
(0207) ‘e 33 uozia|y

(0c07) ‘1B 32
nojoi3eued

(0zo7) 1B 32
1jooqysein

(TZ07) 18 32
zZapueutsH

(TZ0T) ‘1e 12 ysepjeg
(0Z0T) Uas 3 Zew|iA

(T202) ‘|8 30 24

(T1202)
13438 19 UeyE.IE)|

(0207) ‘|2 39 sieH

(Tzoz) e
oueusedie)

(1202) 132
1ueysHqy

(0z02) '8 32 ay3eg
(T202) |e3e 1oWS 2@

(T20z) | 3e on

Q uiwepA

(0Z02) "le 30 ALy

D uIweyA

(1e3A) Apnis



"Uy2J4easay Alewilid Joj (DDD) IsIPRayD eliall) Ajljend $2139191Q PUB UOIIIINN JO AWSpedy ayj uo paseq,

‘d uI1304doud|as ‘dONI T3S ‘uluo3d|ed0ud ‘| Dd ‘pajiodal Jou ‘YN ‘g 9400S Sujulem AjJea [euoijeu ‘g-SAIN (9-Upjnajiaiul ‘9-7| ‘Hun

91B2 dAISUDIUI ‘N ‘u19304d dAI3OBAI-D ANAIISUDS-YSIY ‘d¥D-SY ‘g-9sepixolad auolyiein|3 ‘€xdo 91eJ uoljejuawipas 93A20441A49 ‘YS7 ‘u193oad dAI30e3I-D ‘d¥D ‘ud30.3Iu Baun poo|q ‘NNg :Suollelnaiqqy
‘diysuoneal ou (@) ‘diysuolie|ad asiaAul ‘(-) ‘diysuolje|as 12aJip ‘(+) 210N

-WI LEYJ—7

|es3naN (@) uonrezijendsoH ‘(@) A}4aAas aseasiq 2y ejul Juswia|ddns oulz |eu0I1329s-ss04D) 15 (4N) 0TS ued) (0zZ02) ‘|e 3o 1aySeg
(@) Aerion (@)
uolssiwpe ND| ‘(@) uonezijeyidsoy
40 Y38ua ‘(+) 9snh p10493S0213410D) (0zo2) ‘I’32
|ed3naN ‘(+) suoneajdwod aseasiq S|9A3] 2uIZ winJas |p/8rg> |0J43u0d-3se) e (4N) 26 elpu| luewiyyor
(=) d¥D (+) NNg ‘() LOd
[e4InaN ‘(=) ¥S3 () 911 (@) Ayl1anss asessia S[9A9] dUlz WnJss |043U0d-3se) LT (00z/0) 00T AdInL (TZ0T) "l 19 3nuy
|ed3naN (+) |eAIAINS S[9A3] 2UIZ WNJSS |eUOI}095-5504D) // (6T/9T) G€ Auewa (0Z0Z) ‘18 32 J49|19H
|edInaN (<) Anuanas aseasiq S[9A3] dUIZ WNJSS 140402 3A1323dso.d 14 (8Z/¥€) 29 ueder (0Z02) ‘|e 32 InseA
uiz

(-) AMjesoN "€ AJIAI3OE EXdD WNISS '

(=) AjljerloN " S[9A3] JONFT3S WnJss ¢ (ATANLEES
|ednaN (=) AyljerioN T S|9A3] WNJUSISS WNJAS T |eUOI1}095-5504D) /1l (6T/¥T) €€ Auewan weppeysoln
|eJnaN (+) @384 24N> S[2A3] WINJUD|3S Jley Ued|p| Apnjs |ed180]003 AN SaIMD /T eulyd (0Z02) ‘|e 3@ Sueyz

wnjua|as
$9113UN0d $3113UN0d
[e43naN (@) Anjeyion S|9A3] A(HO)ST P0oo|q uesin Apnjs |e2180]003 AN ueadoiny Og ueadoun3 (0z07) 'le 38 ysuis
$3113UN0d $3113UN0d
[CEREIN (=) AvjezloN S|9A3] A(HO)SZ Poo|q uesin| Apnis |e2130]003 N ueadoin3 ZT ueadoun3 (0207) ‘|8 33 piieT
$3113UNnod $3113uN0d
ueadoiny 9 g ueadodniym (0 YA ANIRE]
[e4InaN (-) d¥D-sY ‘() AyljerloN S|9A3] A(HO)ST Poo|q uesin Apnis |e2130]003 daN uedLIBWY T ‘UBlSY € ueduswy ‘uelsy yeyiysaueq
(@) 1dwip dn-mojjo}
-A (@) ued (@) 9-11 (@) ddd T 1€ s|2A9] A(HO)SZ WnJes 'z
(+) sowip 195U0
[e43naN - (@) uniied (@) 9-11 (@) d¥D 'T  3sessip 38 S|9AS| A(HO)SGC WnJss °T 310402 aA3d3dsold 85 (7%/59) 60T eulsny (0207) "8 33 luizzid
(=) leAinuns
‘(+) AjljeyaolN (+) AJuaAss aseasiq 'z
(=) leaining S|9A9] A(HO)SZ WwinJas jw/8uQz> ' (0zo2) 'I’312
) |ed3naN ‘(+) ANjeIoIN ‘(+) Aj1anas aseasig 'T  S|9A9] d(HO)SZ winuas jw/SugT> '] 140402 3A1323dso.d 29 (06/56) S8T Auewag 21n03npey
2
o <Ajenb s3ulpuiy uie| ainsodx3j udiseQg (saeaA) (sjeway uoljeson (1e3A) Apnis
2 Apmis 98e uesy /3jew) azis s|dwes
T
%]
2 (penuiuod) T 37149VL




FOSHATI eT AL.

ﬂ—Wl LEY-

|eJinaN

|edJinaN

|eJinaN

|eJ3naN

od

|eJ3naN

aAISOd

|eJinaN

SAIHSOd

<AMjenb
Apms

awoy pasteyasiq | ‘ol <
‘9384 MOJJ USSAXQ « ‘Jusawalinbau
uole|ijusA T ‘uoissiwpe ND|

1 ‘uonjezijeydsoy jo yjduaq <

AjjeHIoN < ‘uoneziejdsoH 1

|BAIAING < ‘A}I|EJIOIN <

[BAIAING | [DSO 1 ‘Adije1ION 1

uIeq < °10d
< ‘d¥YD < Yswip-g < ‘uadouniqi4 1

[BAIAING < [0 < AN[EHON < T
[EAIAING | 1250 T ‘Adjerion 1 T

uoissiwipe D] 1

‘ol4 < ‘ungiiag 1 uowip-q 1
1d < ‘'NNg < 9D < ddD < '1Dd <
28M < “T19L T dVIN < ‘9-11 T Coid
/¢0ed | ‘v40S < ‘suoped|dwod
aseas|q < ‘uolezijeydsoy Jo

y13ua < ‘AJjenoln T ‘8ZA4ANI <

ssuipuyy ute

"Y2Jeasay Atewliid 104 (DDD) ISIPIIRYD BLSIID ANjenD $I139391Q pue U

1NN Jo Awapedy ay3 uo paseg,

99M HM ‘JUNOD [|32 POO|q AUYM ‘DFGAA ‘UIgNUl|iq B30} “T|g L JUdWSSISSE an|ie uesio |elpuanbas ‘y4OS duwi} uiquoayjodd ‘] 4 ‘uiuoldjedoud
‘17d ‘enssaud |enped uaSAxo |elisile COed Juawanoidwl [Ba1Ul]D 104 3[EDS [BUIPIO ‘|DSO ‘Pa3I0dal 10U ‘YN ‘YIUow ‘ow ‘ainssald [eliaie UBsW ‘dV/|A ‘SNOUSABIIUL ‘A| ‘SABP 87 Ul SABP 93.4-UOIFE|IJUSA
[EDIUBYISW BAISBAUL ‘GZAAAIN] (9-UBINS[423UL ‘9-7] “HUN 248D SAISUSIUL ‘N ‘USBAX0 padidsul Jo uorpdedy €Ol ‘Aep ‘p ‘uis3oad aA13ERI-D ‘dyD ‘BUlUiFeaId 4D {UaS0J3u ealn poojq ‘NNg :SUOIIeIARIGgY

dnoJ3
|oJ3u0)

dnou3
|oJ3u0)

dnou3
|joJ3uo)

dnoug
|joJ3uo0)

oqgade|d
payaiein

dnou3
|oJ3uod

dnoug
|joJ3uo)

ogaoe|d
payaein

|od3uo)

sAep G J0j dulZ |ejuawWd|d |elo p/Sw 0T

sAep g 10} upAwouylize p/3wOOg
pue sauinbouo|ysAxolpAy p/3w Q01
U}IM DUz [ejuaWd|d |eJo p/3w Qg

JU|Z [E3USWD [BJO P/SWOOT

yjuow snoinaid ayy

sunp Jo 4T-AIAOD Jo sisouselp
Jo uoididsns ay3 SUIMO||0J oM

ay3 ur Jayme €@ ulweA [e10 0100008

skep / 104 £ ulweyA [eJo p/N1000‘09

sisouselp 6T-AIAOD
12348 £Q UIWEA [BIO N[ 000°08 T
JedA 3uipasaud ayj J9A0 ow g-z/N|
000°00T-000°08 40 0W/NI000°0S
40 350p Y3m £Q UIWENA [BIO °T
uoissiwpe ND| 4o 984eydsip [1un

YM/3W 990 pue ‘Aep yi/ pue yig
uo 3w 99z ‘uoissiwpe |eyidsoy e

BWZES'0 4O ASOP YIM [01paId[ed [eJO

skepg 104 D UlwepA Al p/Sg

sAep/ 1oy D ulwelA Al p/3 T

uoljuUaAIR}U|

|el
|ejuswiiadxa-1send

lel
|ejuswiiadxa-1send

|ety
|ejuawiiadxa-Isend

ey
|eruswiIadxa-1send

|el4} pa|[043u0d
paziwopuel |3]jeled

|ery
|ejuswiiadxa-1send

|e143 pa|[043u0d
paziwopuel |3]jeled

|ewy 3sod-a.d

|el43 P3]|043U0D
paziwopue.
pulig-s|gnop |sjeled

usisag

9

8G

89

88

(14

88

€§

9

L9

(s1eah)
a8e uealn

"90UBJ344Ip OU ‘— ‘asealoul ‘| ‘aseatdap ‘1 230N

(8¥€/¥8S) TE6 vsSn  (020Z) ‘[e 38 12dnped
(0z02) ‘1’312
(IN) 815 vsn puemisQg
(¥0T/8€T) T vsn (TZ0T) 'le 1= oep
ulz
(0z02) 183
(TG/ST) 99 dduel  ‘s1j0ueH UsjldIMUUY
(0z/02) oY BIPUl  (2Z0Z) ‘[e 39 103sey
(0z02) 1B
JaISIeAI0D)
(8€/6€) LL Sdueld Jsemuuy
(TE/SY) 9L ureds  (0z0z) ‘e 32 o|11sed
g ulwepA
(£/01) LT vsn (0Z07) '[e 32 eipalH
(0z/9€) 95 eulyd (T207) "|e 32 Sueyz
D UIWENA
(sjeway/sjew)  uones’oq (1eaA) Apnis

9zis a|dweg

"MBIAJ D1JBWD)SAS BU3 Ul PapN|dUl S3IPN3S [EUOIJUSAISIUI 3Y3 JO MBIAIBAQ 7 J14dVL



FOSHATI ET AL.

-WI LEYJ—9

most observational and interventional studies reported a benefi-
cial role of vitamin D in favor of survival and against mortality in
COVID-19 patients (Abrishami et al., 2021; Annweiler, Hanotte,
et al., 2020; Carpagnano et al., 2021; Daneshkhah et al., 2020; De
Smet et al., 2021; Hars et al., 2020; Karahan & Katkat, 2021; Laird
et al., 2020; Padhi et al., 2020; Radujkovic et al., 2020), whereas sev-
eral studies did not find such a role (Annweiler, Hanotte, et al., 2020;
Baktash et al., 2021; Hars et al., 2020; Panagiotou et al., 2020; Singh
et al., 2020). Moreover, in two interventional studies with three
treatment arms, supplementation with vitamin D significantly im-
proved the Ordinal Scale for Clinical Improvement (OSCI) score of
COVID-19 patients in two treatment arms (Annweiler, Corvaisier,
et al., 2020; Annweiler, Hanotte, et al., 2020) but not the third one
(Annweiler, Hanotte, et al., 2020). The OSCl is a scale proposed by
the WHO for assessment of COVID-19 progression over time (World
Health Organization, 2020). In spite of all the above, blood vitamin
D status was not related to the length of hospitalization, chest ra-
diological findings, and some other clinical outcomes of individu-
als infected with COVID-19 (Baktash et al., 2020; Luo et al., 2021;
Panagiotou et al., 2020; Tables 1 and 2).

3.6 | VitaminE
For vitamin E, no observational and interventional studies had crite-

ria for inclusion in the present systematic review.

3.7 | Selenium

For selenium, only two observational studies (Moghaddam
et al., 2020; Jinsong Zhang et al., 2020) were included in the system-
atic review. In an ecological study, there was a significant positive re-
lationship between mean levels of hair selenium and COVID-19 cure
rate, calculated as a percentage of the number of cured COVID-19
patients over the number of confirmed cases (Jinsong Zhang
et al., 2020). In a cross-sectional research, serum levels of selenium,
selenoprotein P, and glutathione peroxidase-3 were negatively re-
lated to COVID-19 mortality (Moghaddam et al., 2020; Table 1).

3.8 | Zinc

For zinc, five observational (Anuk et al., 2021; Bagheri et al., 2020;
Heller et al., 2020; Jothimani et al., 2020; Yasui et al., 2020) as well as
three interventional (Carlucci et al., 2020; Derwand et al., 2020; Yao
et al., 2021) studies were included in this systematic review. Two ob-
servational studies did not find any significant link between zinc sta-
tus and COVID-19 severity (Anuk et al., 2021; Bagheri et al., 2020),
but one observational study reported a significant inverse relation-
ship between serum levels of zinc and severity of COVID-19 (Yasui
et al., 2020). In addition, three studies did not detect a role for zinc
in COVID-19 survival and mortality (Derwand et al., 2020; Jothimani
etal., 2020; Yao et al., 2021), but one study found a significant direct

relationship between serum zinc levels and survival of subjects with
COVID-19 infection (Heller et al., 2020). Moreover, although zinc sta-
tus was not significantly related to hospitalization and ICU admission
(Bagheri et al., 2020; Jothimani et al., 2020), oral zinc sulfate supple-
mentation significantly decreased hospitalization and ICU admission
(Carlucci et al., 2020; Derwand et al., 2020). Zinc supplementation
also caused a significant reduction in ventilation requirement and a
significant increase in the number of COVID-19 patients discharged
from hospital to home (Carlucci et al., 2020). Furthermore, serum
zinc levels were negatively associated with biomarkers of inflamma-
tion and bacterial infection including interleukin-6, erythrocyte sed-
imentation rate, CRP, and procalcitonin (Anuk et al., 2021). Besides,
there was a significant positive association between zinc deficiency
and COVID-19 complications (Jothimani et al., 2020). However, zinc
did not change the length of hospitalization and some other clinical
outcomes of people with COVID-19 (Carlucci et al., 2020; Jothimani
et al., 2020; Tables 1 and 2).

3.9 | A-lipoic acid
For a-lipoic acid, no observational and interventional studies had cri-
teria for inclusion in this systematic review.

4 | DISCUSSION

4.1 | Summary of key findings

In this systematic review of primary human studies, we investigated
the role of vitamins A, C, D, and E, selenium, zinc, and a-lipoic acid in
major clinical outcomes of people with COVID-19. Among the afore-
mentioned seven antioxidants, eligible studies were found only for
vitamins C and D, selenium, and zinc. The findings suggest that vita-
min C may cause beneficial effects on inflammation status, Horowitz
index, and mortality rate of COVID-19 patients. Moreover, vitamin D
may have a positive role in the reduction of disease manifestations
and severity, inflammatory biomarkers, lung involvement, ventila-
tion requirement, hospitalization, ICU admission, and mortality in
individuals with COVID-19. Also, selenium may have the potential
to increase and decrease the cure rate and mortality of COVID-19
patients, respectively. Furthermore, zinc may be able to lower hos-
pitalization, ventilation requirement, ICU admission, biomarkers of
inflammation and bacterial infection, and disease complications in
individuals infected with COVID-19.

4.2 | Mechanisms of actions

421 | Vitamin A

Although none of the included studies examined the role of vita-
min A in subjects with COVID-19, bioinformatics findings proposed
that this antioxidant may be beneficial for individuals infected with
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SARS-CoV-2 (Li et al., 2020). Vitamin A has an important role in
enhancing the body's immunity and regulating both cellular and
humoral immune responses (Jayawardena et al., 2020). The pro-
duction of antibodies, also known as immunoglobulins (Ig), is in-
tegral to the maintenance of humoral immune responses (Huang
et al., 2018). An animal study showed that vitamin A can promote
humoral immunity by increasing serum levels of IgG, IgM, and IgA
(Ghodratizadeh et al., 2014). Vitamin A also plays a pivotal role in
the development of epithelium, which is considered a frontline
defense against pathogen invasion (McCullough et al., 1999). As
vitamin A enhances mucin secretion in the respiratory tract and in-
testine, it is able to improve the antigen nonspecific immunity func-
tion of these tissues (Huang et al., 2018). Moreover, vitamin A may
inhibit inflammatory processes induced by COVID-19 through the
regulation of multiple key genes including mitogen-activated pro-
tein kinase 1 and 14, interleukin-10, epidermal growth factor recep-
tor, protein kinase C beta type, intercellular adhesion molecule 1,
and catalase (Li et al., 2020).

4.2.2 | VitaminC

The results of this systematic review indicated that vitamin C may
exert favorable effects on clinical outcomes of COVID-19 patients.
Vitamin C acts as a powerful antioxidant, especially for epithelial
cells of the lungs (Farjana et al., 2020). It appears to scavenge re-
active oxygen species (ROS) and inhibit pathways involved in neu-
trophil extracellular trap formation and cytokine storms (Cerullo
et al., 2020). Moreover, vitamin C can suppress lactate production.
This can be of great importance because serum and tissue concen-
trations of lactate are elevated in critically ill patients with COVID-19
(Earar et al., 2020). Lactate weakens the host immune system by de-
creasing the production of type | interferon and limiting viral clear-
ance (Lottes et al., 2015; Zhang et al., 2019).

423 | VitaminD

The findings of this systematic review showed that vitamin D may
play a positive role in improvement of COVID-19 clinical outcomes. It
seems that antioxidative, antiinflammatory, and immunomodulatory
properties of vitamin D can be involved in this regard (Hajhashemy
et al., 2022; Musavi et al., 2020). Besides, some researchers dis-
cussed the key role of vitamin D in the RAS (Kumar et al., 2020;
Malek Mahdavi, 2020; Musavi et al., 2020). As noted in the introduc-
tion, SARS-CoV-2 binds to ACE2, which is expressed on the surface
of alveolar epithelial cells (Silvagno et al., 2020). Once the virus is at-
tached, the activity of ACE2 is suppressed, which further enhances
the activity of ACE1, that accordingly increases the formation of
angiotensin 1l, leading to intensified pulmonary vasoconstriction
and severe COVID-19 reactions (Malek Mahdavi, 2020). In an ani-
mal study, the expression of ACE2 in the lungs was significantly el-
evated by calcitriol, the bioactive form of vitamin D (Xu et al., 2017).

Therefore, as a result of vitamin D supplementation, ACE2 may be
expressed more, which can decrease lung injury (Imai et al., 2005).
Moreover, vitamin D may reduce the production of angiotensin Il
and result in less pulmonary vasoconstriction through suppressing
renin activity (Kumar et al., 2020).

424 | VitaminE

Although none of the included studies investigated the role of vi-
tamin E in individuals with COVID-19, bioinformatics findings sug-
gested that this micronutrient may be beneficial for patients infected
with SARS-CoV-2 (Kim et al., 2020). Vitamin E is a lipid-soluble
antioxidant with the ability to protect cells from damage caused
by ROS, especially in respiratory infections (Lewis et al., 2019).
Moreover, vitamin E is involved in various aspects of the immune
response, including but not limited to the production of antibodies,
phagocytosis, and T cell function (Akhtar et al., 2021). This vitamin
modulates T cell function through affecting T cell membrane in-
tegrity, cell division, signal transduction, and several inflammatory
mediators such as prostaglandin E, and proinflammatory cytokines
(Lewis et al., 2019). Furthermore, it seems that vitamin E can induce
signals of gene expression that counteract signals associated with
COVID-19 (Kim et al., 2020).

425 | Selenium

The results of this systematic review revealed that selenium may
have a promising role in amelioration of COVID-19 clinical outcomes.
As mentioned earlier, COVID-19 increases the production of ROS in
host cells, which can cause oxidative stress if not counteracted by
the antioxidant defense system (Chernyak et al., 2020). Glutathione
peroxidase-1 (GPx1), a cytosolic selenoenzyme with antiviral prop-
erties, is considered as a crucial antioxidant defense against ROS
(Sajjadi et al., 2022). This selenoprotein catalyzes the detoxification
of hydrogen peroxide to water molecules and is particularly involved
in protection against viral respiratory infections (Guillin et al., 2019).
There is evidence of an interaction between GPx1 and the main
protease of SARS-CoV-2, 3-chymotrypsin-like protease, which is
essential for viral replication. This interaction depends on host se-
lenium status to combat SARS-CoV-2 virulence (Seale et al., 2020).
Accordingly, selenium may improve clinical outcomes of patients
with COVID-19.

4.2.6 | Zinc

The findings of this systematic review manifested that zinc may
have desirable effects on clinical outcomes of COVID-19 patients.
Multiple protective mechanisms of zinc against COVID-19 infec-
tion have been proposed in the literature. It seems that SARS-
CoV-2 can weaken mucociliary clearance and expose the lungs to
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further viral and bacterial infections (Koparal et al., 2021). In turn,
zinc may enhance mucociliary clearance by improving cilia mor-
phology and increasing cilia beat frequency (Darma et al., 2020).
This mineral can also improve the integrity and barrier function
of the respiratory epithelium by increasing its antioxidant activ-
ity and upregulating its tight junction proteins such as claudin-1
and zonula occludens-1 (Skalny et al., 2020). In addition, zinc may
exert antiviral effects through interference with viral replication
cycles (Read et al., 2019). Moreover, zinc can be beneficial for bac-
terial coinfection in viral pneumonia, because it may inhibit the
growth of Streptococcus pneumoniae by modulating bacterial man-
ganese homeostasis (Eijkelkamp et al., 2019). Furthermore, zinc
can downregulate the production of proinflammatory cytokines
through the inhibition of 1B kinase activity and nuclear factor-xB
(NF-xB) signaling (Skalny et al., 2020).

4.2.7 | A-lipoicacid

Although none of the included studies evaluated the role of a-lipoic
acid in patients with COVID-19, some researchers hypothesized
that this potent antioxidant may be advantageous for subjects
infected with SARS-CoV-2 (Sayiner & Serakinci, 2021). A-lipoic
acid is able to reduce oxidative stress through the regeneration
of other antioxidants and chelation of metal ions. In addition, this
quasi-vitamin can inhibit the activation of NF-xB, an inflammatory
transcription factor (Tibullo et al., 2017). Furthermore, a-lipoic
acid may decrease the activity of a disintegrin and metalloprotease
17 (ADAM17), also known as tumor necrosis factor-a-converting
enzyme (Cure & Cure, 2020). The lower activity of ADAM17 can
reduce the shedding of ACE2 and severity of COVID-19 infection
(Peron & Nakaya, 2020). Moreover, a-lipoic acid may increase in-
tracellular pH by activating Na*/K*-ATPase (Cure & Cure, 2020). It
seems that higher intracellular pH can inhibit SARS-CoV-2 cellular
entry (Petersen et al., 2020). Also, a-lipoic acid has a potential to
activate pyruvate dehydrogenase and reduce serum lactate levels
(Konrad et al., 1999).

4.3 | Limitations

There are several limitations that need to be taken into consideration
when interpreting the findings of this systematic review. First, no eli-
gible studies were found for vitamins A and E as well as a-lipoic acid.
Second, a limited number of studies investigated the role of vitamin
C, selenium, and zinc in clinical outcomes of COVID-19 patients. In
fact, most studies focused on the role of vitamin D. Third, most of
the included records were observational studies with neutral quality.
Fourth, the included studies were diverse in terms of study char-
acteristics and methodology. Therefore, more high-quality studies,
especially randomized controlled trials, are required for future inte-

gration and consensus.

5 | CONCLUSION

In conclusion, due to the important role of oxidative stress in the
pathogenicity of SARS-CoV-2, antioxidants seem to be beneficial
for patients with COVID-19. Particularly, the findings obtained from
this systematic review suggest that vitamins C and D, selenium, and
zinc can improve some COVID-19 clinical outcomes. Nevertheless,
further well-designed and well-reported studies are needed to draw

definite conclusions.

ACKNOWLEDGMENTS

This research was financially supported by the Food Security
Research Center of the Isfahan University of Medical Sciences (Grant
Number 299234). The authors heartily appreciate all healthcare
professionals who dedicatedly take care of patients with COVID-19
throughout the world.

CONFLICT OF INTEREST

None.

DATA AVAILABILITY STATEMENT
The data are available on request from the corresponding author.

ETHICAL STATEMENT

This study does not involve any human or animal testing.

ORCID
Sahar Foshati
Fatemeh Mirjalili

https://orcid.org/0000-0002-2669-670X
https://orcid.org/0000-0003-1130-6294
Mahsa Rezazadegan " https://orcid.org/0000-0003-3948-595X

Reza Amani " https://orcid.org/0000-0002-0074-4080

REFERENCES

Abrishami, A., Dalili, N., Mohammadi Torbati, P., Asgari, R., Arab-Ahmadi,
M., Behnam, B., & Sanei-Taheri, M. (2021). Possible association
of vitamin D status with lung involvement and outcome in pa-
tients with COVID-19: A retrospective study. European Journal of
Nutrition, 60(4), 2249-2257.

Academy of Nutrition and Dietetics. (2016). Evidence analysis manual:
Steps in the academy evidence analysis process. Academy of Nutrition
and Dietetics.

Akhtar, S., Das, J. K., Ismail, T., Wahid, M., Saeed, W., & Bhutta, Z. A.
(2021). Nutritional perspectives for the prevention and mitigation
of COVID-19. Nutrition Reviews, 79(3), 289-300.

Annweiler, C., Hanotte, B., del'Eprevier, C. G., Sabatier, J.-M,, Lafaie, L.,
& Célarier, T. (2020). Vitamin D and survival in COVID-19 patients:
A quasi-experimental study. The Journal of Steroid Biochemistry and
Molecular Biology, 204, 105771.

Annweiler, G., Corvaisier, M., Gautier, J., Dubée, V., Legrand, E., Sacco,
G., & Annweiler, C. (2020). Vitamin D supplementation associated
to better survival in hospitalized frail elderly COVID-19 patients:
The GERIA-COVID quasi-experimental study. Nutrients, 12(11),
3377.

Anuk, A.T., Polat, N., Akdas, S., Erol, S. A., Tanacan, A., Biriken, D., Keskin,
H. L., Moraloglu Tekin, O., Yazihan, N., & Sahin, D. (2021). The re-
lation between trace element status (zinc, copper, magnesium)


https://orcid.org/0000-0002-2669-670X
https://orcid.org/0000-0002-2669-670X
https://orcid.org/0000-0003-1130-6294
https://orcid.org/0000-0003-1130-6294
https://orcid.org/0000-0003-3948-595X
https://orcid.org/0000-0003-3948-595X
https://orcid.org/0000-0002-0074-4080
https://orcid.org/0000-0002-0074-4080

FOSHATI eT AL.

il—Wl LEY-

and clinical outcomes in COVID-19 infection during pregnancy.
Biological Trace Element Research, 199(10), 3608-3617.

Arvinte, C., Singh, M., & Marik, P. E. (2020). Serum levels of vitamin C and
vitamin D in a cohort of critically ill COVID-19 patients of a north
American community hospital intensive care unit in May 2020: A
pilot study. Medicine in Drug Discovery, 8, 100064.

Bagheri, M., Haghollahi, F., Shariat, M., Jafarabadi, M., Aryamloo, P.,
& Rezayof, E. (2020). Supplement usage pattern in a group of
COVID-19 patients in Tehran. Journal of Family & Reproductive
Health, 14(3), 158-165.

Baktash, V., Hosack, T., Patel, N., Shah, S., Kandiah, P., Van Den Abbeele,
K., Mandal, A. K. J., & Missouris, C. G. (2021). Vitamin D status
and outcomes for hospitalised older patients with COVID-19.
Postgraduate Medical Journal, 97, 442-447.

Budholiya, P., Ali, A. W., Gunwan, D., Sahil, S., Tyagi, C., & Sharma, H.
(2020). COVID-19: A global pandemic of 21st century. Journal of
Drug Delivery and Therapeutics, 10(3-s), 311-321.

Cannalire, R., Cerchia, C., Beccari, A. R, Di Leva, F. S., & Summa, V.
(2020). Targeting SARS-CoV-2 proteases and polymerase for
COVID-19 treatment: State of the art and future opportunities.
Journal of Medicinal Chemistry, 65(4), 2716-2746.

Carlucci, P. M., Ahuja, T., Petrilli, C., Rajagopalan, H., Jones, S., &
Rahimian, J. (2020). Zinc sulfate in combination with a zinc iono-
phore may improve outcomes in hospitalized COVID-19 patients.
Journal of Medical Microbiology, 69(10), 1228-1234.

Carocho, M., & Ferreira, I. C. (2013). A review on antioxidants, prooxi-
dants and related controversy: Natural and synthetic compounds,
screening and analysis methodologies and future perspectives.
Food and Chemical Toxicology, 51, 15-25.

Carpagnano, G. E., Di Lecce, V., Quaranta, V. N., Zito, A., Buonamico,
E., Capozza, E., Capozza, E., Palumbo, A., Di Gioia, G., Valerio,
V. N., & Resta, O. (2021). Vitamin D deficiency as a predictor
of poor prognosis in patients with acute respiratory failure due
to COVID-19. Journal of Endocrinological Investigation, 44(4),
765-771.

Castillo, M. E., Costa, L. M. E., Barrios, J. M. V., Diaz, J. F. A., Miranda,
J. L., Bouillon, R., & Gomez, J. M. Q. (2020). Effect of calcife-
diol treatment and best available therapy versus best available
therapy on intensive care unit admission and mortality among
patients hospitalized for COVID-19: A pilot randomized clinical
study. The Journal of Steroid Biochemistry and Molecular Biology,
203, 105751.

Cecchini, R., & Cecchini, A. L. (2020). SARS-CoV-2 infection pathogene-
sis is related to oxidative stress as a response to aggression. Medical
Hypotheses, 143, 110102.

Cerullo, G., Negro, M., Parimbelli, M., Pecoraro, M., Perna, S., Liguori,
G., Rondanelli, M., Cena, H., & D'Antona, G. (2020). The long his-
tory of vitamin C: From prevention of the common cold to po-
tential aid in the treatment of COVID-19. Frontiers in Imnmunology,
11, 2636.

Chernyak, B., Popova, E., Prikhodko, A., Grebenchikov, O., Zinovkina, L.,
& Zinovkin, R. (2020). COVID-19 and oxidative stress. Biochemistry
(Moscow), 85(12), 1543-1553.

Cure, E., & Cure, M. C. (2020). Alpha-lipoic acid may protect patients
with diabetes against COVID-19 infection. Medical Hypotheses, 143,
110185.

Daneshkhah, A., Agrawal, V., Eshein, A., Subramanian, H., Roy, H. K., &
Backman, V. (2020). Evidence for possible association of vitamin
D status with cytokine storm and unregulated inflammation in
COVID-19 patients. Aging Clinical and Experimental Research, 32(10),
2141-2158.

Darma, A., Ranuh, R. G., Merbawani, W., Setyoningrum, R. A., Hidajat,
B., Hidayati, S. N., Endaryanto, A., & Sudarmo, S. M. (2020). Zinc
supplementation effect on the bronchial cilia length, the number of
cilia, and the number of intact bronchial cell in zinc deficiency rats.
The Indonesian Biomedical Journal, 12(1), 78-84.

De Smet, D., De Smet, K., Herroelen, P., Gryspeerdt, S., & Martens, G.
A. (2021). Serum 25 (OH) D level on hospital admission associated
with COVID-19 stage and mortality. American Journal of Clinical
Pathology, 155(3), 381-388.

Delgado-Roche, L., & Mesta, F. (2020). Oxidative stress as key player in
severe acute respiratory syndrome coronavirus (SARS-CoV) infec-
tion. Archives of Medical Research, 51, 384-387.

Derwand, R., Scholz, M., & Zelenko, V. (2020). COVID-19 outpatients:
Early risk-stratified treatment with zinc plus low-dose hydroxy-
chloroquine and azithromycin: A retrospective case series study.
International Journal of Antimicrobial Agents, 56(6), 106214.

Earar, K., Arbune, M., Dorobat, C., Rusu-Negraia, M., Stefanescu, V., &
Indrei, L. (2020). Biochemical effects and therapeutic application
of vitamin C (C6H806) on COVID-19 infection. Revista de Chimie,
71(5), 473-478.

Eijkelkamp, B. A., Morey, J. R., Neville, S. L., Tan, A., Pederick, V.
G., Cole, N., Singh, P. P.,, Ong, C.-L. Y., deVega, R. G., Clases,
D., Cunningham, B. A., Hughes, C. E., Comerford, |., Brazel, E.
B., Whittall, J. J., Plumptre, C. D., McColl, S. R., Paton, J. C.,
McEwan, A. G, ... Clases, D. (2019). Dietary zinc and the con-
trol of Streptococcus pneumoniae infection. PLoS Pathogens, 15(8),
e1007957.

Farjana, M., Moni, A., Sohag, A. A. M., Hasan, A., Hannan, M. A., Hossain,
M. G., & Uddin, M. J. (2020). Repositioning vitamin C as a prom-
ising option to alleviate complications associated with COVID-19.
Infection & Chemotherapy, 52(4), 461.

Ghodratizadeh, S., Kanbak, G., Beyramzadeh, M., Dikmen, Z. G.,
Memarzadeh, S., & Habibian, R. (2014). Effect of carotenoid -
cryptoxanthin on cellular and humoral immune response in rabbit.
Veterinary Research Communications, 38(1), 59-62.

Guillin, O. M., Vindry, C., Ohlmann, T., & Chavatte, L. (2019). Selenium,
selenoproteins and viral infection. Nutrients, 11(9), 2101.

Hajhashemy, Z., Foshati, S., & Saneei, P. (2022). Relationship between ab-
dominal obesity (based on waist circumference) and serum vitamin
D levels: A systematic review and meta-analysis of epidemiologic
studies. Nutrition Reviews, 80(5), 1105-1117.

Halliwell, B. (2007). Biochemistry of oxidative stress. Biochemical Society
Transactions, 35(5), 1147-1150.

Hars, M., Mendes, A., Serratrice, C., Herrmann, F., Gold, G., Graf, C.,
Zekry, D., & Trombetti, A. (2020). Sex-specific association between
vitamin D deficiency and COVID-19 mortality in older patients.
Osteoporosis International, 31(12), 2495-2496.

Heller, R. A., Sun, Q., Hackler, J., Seelig, J., Seibert, L., Cherkezov, A.,
Minich, W. B., Seemann, P., Diegmann, J., Pilz, M., Bachmann, M.,
Ranjbar, A., Moghaddam, A., & Pilz, M. (2020). Prediction of survival
odds in COVID-19 by zinc, age and selenoprotein P as composite
biomarker. Redox Biology, 38, 101764.

Hernandez, J. L., Nan, D., Fernandez-Ayala, M., Garcia-Unzueta, M.,
Hernandez-Hernandez, M. A., Lépez-Hoyos, M., Munoz-Cacho, P,,
Olmos, J. M., Gutiérrez-Cuadra, M., Ruiz-Cubillan, J. J., Crespo, J., &
Ruiz-Cubillan, J. J. (2021). Vitamin D status in hospitalized patients
with SARS-CoV-2 infection. The Journal of Clinical Endocrinology and
Metabolism, 106(3), e1343-e1353.

Hiedra, R., Lo, K. B., Elbashabsheh, M., Gul, F., Wright, R. M., Albano, J.,
Azmaiparashvili, Z., & Patarroyo Aponte, G. (2020). The use of IV
vitamin C for patients with COVID-19: A case series. Expert Review
of Anti-Infective Therapy, 18(12), 1259-1261.

Huang, Z., Liu, Y., Qi, G., Brand, D., & Zheng, S. G. (2018). Role of vitamin
A in the immune system. Journal of Clinical Medicine, 7(9), 258.
Imai, Y., Kuba, K., Rao, S., Huan, Y., Guo, F., Guan, B., Yang, P,, Sarao, R.,
Wada, T., Leong-Poi, H., Crackower, M. A., Fukamizu, A., Hui, C. C.,
Hein, L., Uhlig, S., Slutsky, A. S., Jiang, C., & Penninger, J. M. (2005).
Angiotensin-converting enzyme 2 protects from severe acute lung

failure. Nature, 436(7047), 112-116.

Jayawardena, R., Sooriyaarachchi, P., Chourdakis, M., Jeewandara, C.,

& Ranasinghe, P. (2020). Enhancing immunity in viral infections,



FOSHATI ET AL.

with special emphasis on COVID-19: A review. Diabetes & Metabolic
Syndrome: Clinical Research & Reviews, 14(4), 367-382.

Jothimani, D., Kailasam, E., Danielraj, S., Nallathambi, B., Ramachandran,
H., Sekar, P., Manoharan, S., Ramani, V. Narasimhan, G.,
Kaliamoorthy, 1., & Rela, M. (2020). COVID-19: Poor outcomes
in patients with zinc deficiency. International Journal of Infectious
Diseases, 100, 343-349.

Karahan, S., & Katkat, F. (2021). Impact of serum 25 (OH) vitamin D level
on mortality in patients with COVID-19 in Turkey. The Journal of
Nutrition, Health & Aging, 25(2), 189-196.

Kim, J., Zhang, J., Cha, Y., Kolitz, S., Funt, J., Chong, R. E., Barrett, S.,
Kusko, R., Zeskind, B., & Kaufman, H. (2020). Advanced bioinfor-
matics rapidly identifies existing therapeutics for patients with
coronavirus disease-2019 (COVID-19). Journal of Translational
Medicine, 18(1), 1-9.

Konrad, T., Vicini, P., Kusterer, K., Hoflich, A., Assadkhani, A., Bohles, H.
J., Sewell, A., Tritschler, H. J., Cobelli, C., & Usadel, K. H. (1999).
Alpha-lipoic acid treatment decreases serum lactate and pyruvate
concentrations and improves glucose effectiveness in lean and
obese patients with type 2 diabetes. Diabetes Care, 22(2), 280-287.

Koparal, M., Kurt, E., Altuntas, E. E., & Dogan, F. (2021). Assessment of
mucociliary clearance as an indicator of nasal function in patients
with COVID-19: A cross-sectional study. European Archives of Oto-
Rhino-Laryngology, 278(6), 1863-1868.

Kudlay, D., & Svistunov, A. (2022). COVID-19 vaccines: An overview of
different platforms. Bioengineering, 9(2), 72.

Kumar, D., Gupta, P., & Banerjee, D. (2020). Does vitamin D have a poten-
tial role against COVID-19?Alimentary Pharmacology & Therapeutics,
52,409-411.

Laird, E., Rhodes, J., & Kenny, R. A. (2020). Vitamin D and inflamma-
tion: Potential implications for severity of COVID-19. Irish Medical
Journal, 113(5), 81.

Lewis, E. D., Meydani, S. N., & Wu, D. (2019). Regulatory role of vita-
min E in the immune system and inflammation. [UBMB Life, 71(4),
487-494.

Li, R, Wu, K., Li, Y., Liang, X., Tse, W. K. F,, Yang, L., & Lai, K. P. (2020).
Revealing the targets and mechanisms of vitamin A in the treat-
ment of COVID-19. Aging (Albany NY), 12(15), 15784-15796.

Lottes, R. G., Newton, D. A., Spyropoulos, D. D., & Baatz, J. E. (2015).
Lactate as substrate for mitochondrial respiration in alveolar epi-
thelial type Il cells. American Journal of Physiology-Lung Cellular and
Molecular Physiology, 308(9), L953-L961.

Luo, X., Liao, Q., Shen, Y., Li, H., & Cheng, L. (2021). Vitamin D deficiency
is inversely associated with COVID-19 incidence and disease sever-
ity in Chinese people. The Journal of Nutrition, 151(1), 98-103.

Maghbooli, Z., Sahraian, M. A., Ebrahimi, M., Pazoki, M., Kafan, S., Tabriz,
H. M., Hadadi, A., Montazeri, M., Nasiri, M., Shirvani, A., & Holick,
M. F. (2020). Vitamin D sufficiency, a serum 25-hydroxyvitamin D
at least 30 ng/mL reduced risk for adverse clinical outcomes in pa-
tients with COVID-19 infection. PLoS One, 15(9), €0239799.

Malek Mahdavi, A. (2020). A brief review of interplay between vitamin D
and angiotensin-converting enzyme 2: Implications for a potential
treatment for COVID-19. Reviews in Medical Virology, 30(5), e2119.

McCarty, C. A. (2008). Sunlight exposure assessment: Can we accu-
rately assess vitamin D exposure from sunlight questionnaires?The
American Journal of Clinical Nutrition, 87(4), 10975-1101S.

McCullough, F., Northrop-Clewes, C., & Thurnham, D. I. (1999). The ef-
fect of vitamin A on epithelial integrity. Proceedings of the Nutrition
Society, 58(2), 289-293.

Mehta, S. K., & Gowder, S. J. T. (2015). Members of antioxidant machin-
ery and their functions. In Basic principles and clinical significance of
oxidative stress (pp. 59-85). IntechOpen.

Merzon, E., Tworowski, D., Gorohovski, A., Vinker, S., Golan Cohen, A.,
Green, |., & Frenkel-Morgenstern, M. (2020). Low plasma 25 (OH)
vitamin D level is associated with increased risk of COVID-19

-Wi LEYH

infection: An Israeli population-based study. The FEBS Journal,
287(17), 3693-3702.

Moghaddam, A., Heller, R. A., Sun, Q., Seelig, J., Cherkezov, A., Seibert,
L., Hackler, J., Seemann, P., Diegmann, J., Pilz, M., Bachmann, M.,
Minich, W. B., & Schomburg, L. (2020). Selenium deficiency is as-
sociated with mortality risk from COVID-19. Nutrients, 12(7), 2098.

Morgan, R. L., Whaley, P., Thayer, K. A., & Schiinemann, H. J. (2018).
Identifying the PECO: A framework for formulating good ques-
tions to explore the association of environmental and other expo-
sures with health outcomes. Environment International, 121(Pt 1),
1027-1031.

Musavi, H., Abazari, O., Barartabar, Z., Kalaki-Jouybari, F., Hemmati-
Dinarvand, M., Esmaeili, P., & Mahjoub, S. (2020). The benefits of
vitamin D in the COVID-19 pandemic: Biochemical and immuno-
logical mechanisms. Archives of Physiology and Biochemistry, 1-9.
https://doi.org/10.1080/13813455.2020.1826530

Nimse, S. B., & Pal, D. (2015). Free radicals, natural antioxidants, and
their reaction mechanisms. RSC Advances, 5(35), 27986-28006.

Padhi, S., Suvankar, S., Panda, V. K., Pati, A., & Panda, A. K. (2020).
Lower levels of vitamin D are associated with SARS-CoV-2 infec-
tion and mortality in the Indian population: An observational study.
International Inmunopharmacology, 88, 107001.

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, I., Hoffmann, T. C.,
Mulrow, C. D., Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S.
E., Chou, R., Glanville, J., Grimshaw, J. M., Hrébjartsson, A., Lalu,
M. M., Li, T,, Loder, E. W., Mayo-Wilson, E., McDonald, S., ... Moher,
D. (2021). The PRISMA 2020 statement: An updated guideline for
reporting systematic reviews. BMJ, 372, n71.

Panagiotou, G., Tee, S. A, lhsan, Y., Athar, W., Marchitelli, G., Kelly, D.,
Boot, C. S., Stock, N., Macfarlane, J., Martineau, A. R., Burns, G., &
Quinton, R. (2020). Low serum 25-hydroxyvitamin D (25 [OH] D)
levels in patients hospitalized with COVID-19 are associated with
greater disease severity. Clinical Endocrinology, 93(4), 508-511.

Paraiso, I. L., Revel, J. S., & Stevens, J. F. (2020). Potential use of polyphe-
nols in the battle against COVID-19. Current Opinion in Food Science,
32, 149-155.

Peron, J. P. S., & Nakaya, H. (2020). Susceptibility of the elderly to SARS-
CoV-2 infection: ACE-2 overexpression, shedding, and antibody-
dependent enhancement (ADE). Clinics, 75, €1912.

Petersen, O. H., Gerasimenko, O. V., & Gerasimenko, J. V. (2020).
Endocytic uptake of SARS-CoV-2: The critical roles of pH, Ca2+,
and NAADP. Function, 1(1), zqaa003.

Pizzini, A., Aichner, M., Sahanic, S., Bohm, A., Egger, A., Hoermann, G.,
Kurz, K., Widmann, G., Bellmann-Weiler, R., Weiss, G., Tancevski,
I., Sonnweber, T., & Loffler-Ragg, J. (2020). Impact of vitamin D
deficiency on COVID-19—a prospective analysis from the CovILD
Registry. Nutrients, 12(9), 2775.

Radujkovic, A., Hippchen, T., Tiwari-Heckler, S., Dreher, S., Boxberger,
M., & Merle, U. (2020). Vitamin D deficiency and outcome of
COVID-19 patients. Nutrients, 12(9), 2757.

Rajendran, P., Nandakumar, N., Rengarajan, T., Palaniswami, R.,
Gnanadhas, E. N., Lakshminarasaiah, U., Gopas, J., & Nishigaki, I.
(2014). Antioxidants and human diseases. Clinica Chimica Acta, 436,
332-347.

Rastogi, A., Bhansali, A., Khare, N., Suri, V., Yaddanapudi, N., Sachdeva,
N., Puri, G. D., & Malhotra, P. (2022). Short term, high-dose vitamin
D supplementation for COVID-19 disease: A randomised, placebo-
controlled, study (SHADE study). Postgraduate Medical Journal,
98(1156), 87-90.

Ratnam, D. V., Ankola, D., Bhardwaj, V., Sahana, D. K., & Kumar, M.
R. (2006). Role of antioxidants in prophylaxis and therapy: A
pharmaceutical perspective. Journal of Controlled Release, 113(3),
189-207.

Read, S. A., Obeid, S., Ahlenstiel, C., & Ahlenstiel, G. (2019). The role
of zinc in antiviral immunity. Advances in Nutrition, 10(4), 696-710.


https://doi.org/10.1080/13813455.2020.1826530

FOSHATI eT AL.

il—Wl LEY-

Sajjadi, S. S., Foshati, S., Haddadian-Khouzani, S., & Rouhani, M. H.
(2022). The role of selenium in depression: A systematic review and
meta-analysis of human observational and interventional studies.
Scientific Reports, 12(1), 1-13.

Santos, C. M. d. C,, Pimenta, C. A. d. M., & Nobre, M. R. C. (2007).
The PICO strategy for the research question construction and
evidence search. Revista Latino-Americana de Enfermagem, 15(3),
508-511.

Sayiner, S., & Serakinci, N. (2021). Alpha lipoic acid as a potential treat-
ment for COVID-19 - A hypothesis. Current Topics in Nutraceutical
Research, 19(2), 172-175.

Seale, L. A., Torres, D. J., Berry, M. J.,, & Pitts, M. W. (2020). A role for
selenium-dependent GPX1 in SARS-CoV-2 virulence. The American
Journal of Clinical Nutrition, 112(2), 447-448.

Sharma, G. N., Gupta, G., & Sharma, P. (2018). A comprehensive review
of free radicals, antioxidants, and their relationship with human
ailments. Critical Reviews™ in Eukaryotic Gene Expression, 28(2),
139-154.

Silvagno, F., Vernone, A., & Pescarmona, G. P. (2020). The role of glu-
tathione in protecting against the severe inflammatory response
triggered by COVID-19. Antioxidants, 9(7), 624.

Singh, S., Kaur, R., & Singh, R. K. (2020). Revisiting the role of vitamin
D levels in the prevention of COVID-19 infection and mortal-
ity in European countries post infections peak. Aging Clinical and
Experimental Research, 32(8), 1609-1612.

Skalny, A. V., Rink, L., Ajsuvakova, O. P., Aschner, M., Gritsenko, V. A.,
Alekseenko, S. I., Svistunov, A. A., Petrakis, D., Spandidos, D. A.,
Aaseth, J., Tsatsakis, A., & Tinkov, A. A. (2020). Zinc and respiratory
tract infections: perspectives for COVID-19. International Journal of
Molecular Medicine, 46(1), 17-26.

Stroup, D. F.,, Berlin, J. A,, Morton, S. C., Olkin, I., Williamson, G. D.,
Rennie, D., Moher, D., Becker, B. J, Sipe, T. A., & Thacker, S. B.
(2000). Meta-analysis of observational studies in epidemiology:
A proposal for reporting. The Journal of the American Medical
Association, 283(15), 2008-2012.

Takashita, E., Kinoshita, N., Yamayoshi, S., Sakai-Tagawa, Y., Fujisaki, S.,
Ito, M., lwatsuki-Horimoto, K., Chiba, S., Halfmann, P., Nagai, H.,
Saito, M., Adachi, E., Sullivan, D., Pekosz, A., Watanabe, S., Maeda,
K., Imai, M., Yotsuyanagi, H., Mitsuya, H., ... Kawaoka, Y. (2022).
Efficacy of antibodies and antiviral drugs against COVID-19 omi-
cron variant. New England Journal of Medicine, 386(10), 995-998.

Tibullo, D., Li Volti, G., Giallongo, C., Grasso, S., Tomassoni, D., Anfuso,
C. D, Lupo, G., Amenta, F., Avola, R., & Bramanti, V. (2017).
Biochemical and clinical relevance of alpha lipoic acid: Antioxidant
and anti-inflammatory activity, molecular pathways and therapeu-
tic potential. Inflammation Research, 66(11), 947-959.

World Health Organization. (2020). Novel coronavirus: COVID-19 thera-
peutic trial synopsis. WHO R&D Blueprint.

World Health Organization. (2022). Tracking SARS-CoV-2 variants. https://
www.who.int/activities/tracking-SARS-CoV-2-variants

Xu, J., Yang, J., Chen, J,, Luo, Q., Zhang, Q., & Zhang, H. (2017). Vitamin
D alleviates lipopolysaccharideinduced acute lung injury via regu-
lation of the reninangiotensin system. Molecular Medicine Reports,
16(5), 7432-7438.

Yao, J. S., Paguio, J. A., Dee, E. C., Tan, H. C., Moulick, A., Milazzo, C.,
Jurado, J., Della Penna, N., & Celi, L. A. (2021). The minimal effect
of zinc on the survival of hospitalized patients with COVID-19: An
observational study. Chest, 159(1), 108-111.

Yasui, Y., Yasui, H., Suzuki, K., Saitou, T., Yamamoto, Y., Ishizaka, T.,
Nishida, K., Yoshihara, S., Gohma, I., & Ogawa, Y. (2020). Analysis
of the predictive factors for a critical illness of COVID-19 during
treatment-relationship between serum zinc level and critical ill-
ness of COVID-19. International Journal of Infectious Diseases, 100,
230-236.

Ye, K., Tang, F., Liao, X., Shaw, B. A,, Deng, M., Huang, G., Qin, Z., Peng,
X., Xiao, H., Chen, C., Liu, X., Ning, L., Wang, B., Tang, N., Li, M.,
Xu, F., Lin, S., & Yang, J. (2021). Does serum vitamin D level affect
COVID-19 infection and its severity?-A case-control study. Journal
of the American College of Nutrition, 40(8), 724-731.

Yilmaz, K., & Sen, V. (2020). Is vitamin D deficiency a risk factor for
COVID-19 in children? Pediatric Pulmonology, 55(12), 3595-3601.

Zhang, D., Tang, Z., Huang, H., Zhou, G., Cui, C., Weng, Y., Liu, W., Kim,
S., Lee, S., Perez-Neut, M., Ding, J., Czyz, D., Hu, R., Ye, Z., He,
M., Zheng, Y. G., Shuman, H. A., Dai, L., Ren, B, ... Zhao, Y. (2019).
Metabolic regulation of gene expression by histone lactylation.
Nature, 574(7779), 575-580.

Zhang, H., & Tsao, R. (2016). Dietary polyphenols, oxidative stress and
antioxidant and anti-inflammatory effects. Current Opinion in Food
Science, 8, 33-42.

Zhang, J., Rao, X,, Li, Y., Zhu, Y., Liu, F,, Guo, G., Luo, G., Meng, Z., De
Backer, D., Xiang, H., & Peng, Z. (2021). Pilot trial of high-dose vi-
tamin C in critically ill COVID-19 patients. Annals of Intensive Care,
11(1), 1-12.

Zhang, J., Taylor, E. W., Bennett, K., Saad, R., & Rayman, M. P. (2020).
Association between regional selenium status and reported out-
come of COVID-19 cases in China. The American Journal of Clinical
Nutrition, 111(6), 1297-1299.

Zhou, F,, Yu, T, Du, R., Fan, G, Liu, Y., Liu, Z., Xiang, J., Wang, Y., Song, B.,
Gu, X., Guan, L., Wei, Y., Li, H., Wu, X., Xu, J., Tu, S., Zhang, Y., Chen,
H., & Cao, B. (2020). Clinical course and risk factors for mortality of
adult in patients with COVID-19 in Wuhan, China: A retrospective
cohort study. The Lancet, 395(10229), 1054-1062.

SUPPORTING INFORMATION
Additional supporting information can be found online in the
Supporting Information section at the end of this article.

How to cite this article: Foshati, S., Mirjalili, F., Rezazadegan,
M., Fakoorziba, F., & Amani, R. (2022). Antioxidants and
clinical outcomes of patients with coronavirus disease 2019:
A systematic review of observational and interventional
studies. Food Science & Nutrition, 00, 1-14. https://doi.
org/10.1002/fsn3.3034



https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://doi.org/10.1002/fsn3.3034
https://doi.org/10.1002/fsn3.3034

	Antioxidants and clinical outcomes of patients with coronavirus disease 2019: A systematic review of observational and interventional studies
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Research question
	2.2|Search strategy
	2.3|Study selection
	2.4|Data extraction
	2.5|Quality assessment

	3|RESULTS
	3.1|Literature search
	3.2|Study characteristics and quality
	3.3|Vitamin A
	3.4|Vitamin C
	3.5|Vitamin D
	3.6|Vitamin E
	3.7|Selenium
	3.8|Zinc
	3.9|Α-­lipoic acid

	4|DISCUSSION
	4.1|Summary of key findings
	4.2|Mechanisms of actions
	4.2.1|Vitamin A
	4.2.2|Vitamin C
	4.2.3|Vitamin D
	4.2.4|Vitamin E
	4.2.5|Selenium
	4.2.6|Zinc
	4.2.7|Α-­lipoic acid

	4.3|Limitations

	5|CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICAL STATEMENT
	REFERENCES




