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Abstract

It is proven that the blood concentration of antioxidants can impress the severity of viral infections, including COVID-19.
However, the lack of a comprehensive study accumulating existing data regarding COVID-19 can be perceived. Therefore,
this systematic review is aimed to report the association between the blood concentration of several antioxidants and the
overall health condition of COVID-19 patients. We summarized the available data surrounding the serum antioxidant level
in COVID-19 patients and COVID-19 outcomes. A systematic search was performed in PubMed, Scopus, Web of Science,
and Cochrane, and studies that evaluated the association between antioxidants and COVID-19 outcomes were included. Of
4101 articles that were viewed in the database search, 38 articles were included after the title, abstract, and full-text review.
Twenty-nine studies indicated that lower serum antioxidants are associated with worse outcomes, and one study reported
no association between serum zinc (Zn) level and COVID-19 outcomes. In most cases, antioxidant deficiency was associ-
ated with high inflammatory factors, high mortality, acute kidney injury, thrombosis, intensive care unit (ICU) admission,
acute respiratory distress syndrome, cardiac injury, and the need for mechanical ventilation (MV), and there was no signifi-
cant association between serum antioxidants level and ICU or hospital length of stay (LOS). It seems that higher levels of
antioxidants in COVID-19 patients may be beneficial to prevent disease progression. However, clinical trials are needed to
confirm this conclusion.
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Introduction to be a pandemic disease in March 2020 as a result of the
rapid spread of this progressive disease [3]. Person-to-
COVID-19 first appeared by causing pneumonia symp-  person transmission of this virus via droplets and airborne

toms in affected people in China [1, 2]. The World Health ~ contamination is the most typical method of transmission
Organization (WHO) designated coronavirus (COVID-19) [4, 5]. Since this virus has infected over ten million cases
worldwide, discovering a prevention, treatment, or manage-
ment strategy draws much attention to itself [6]. Despite that
Elnaz Daneshzadand Shokoofeh Zamani are equally co- several medications are exhibiting in vitro activity against
corresponding author COVID-19 (such as corticosteroids, antivirals, and antico-
agulants), there is a lack of clinical data to promote a medi-
cation as a COVID-19 treatment agent [5, 7]. Hence, most
coping strategies rely on symptomatic treatment and support
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! Research Students Committee, Alborz University of Medical [2, 5]. One of these supportive strategies that medical insti-
Sciences, Karaj, Iran tutions have considered is using antioxidant agents in con-
> Non-Communicable Diseases Research Center, Alborz Jjunction with other treatments to reduce oxidative stress [8,
University of Medical Sciences, Karaj, Iran 9]. It is nearly accepted by all related studies that COVID-19
3 Chronic Diseases Research Center, Endocrinology infection and replication causes oxidative stress by inducing
and Metabolism Population Sciences Institute, Tehran excessive production of free radicals and cytokines (e.g.,
\ University of Medical SClen(.:e_s’ Tehran, Iran N tumor necrosis factor o (TNF-a), interleukin-6 (IL-6), and
Department of Internal Medicine, School of Medicine, IL-10) [10, 11]. Therefore, it is assumed that regulating
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free radicals in infected patients will help with the man-
agement of hyper-inflammation and protection of tissues
against oxidative injury as well as decreasing replication
of the virus [12]. With that being said, consuming antioxi-
dants in COVID-19 patients becomes a promising strategy
as a supportive treatment [13]. As a result of having a high
diversity of antioxidants in addition to their possible benefi-
cial effect on COVID-19 patients, investigating the role of
different antioxidants in the prevention and improvement of
COVID-19 has attracted more attention towards itself [14].
Therefore, several studies have been conducted concern-
ing this issue; however, most of these researches have been
carried out individually. Hence, a lack of a comprehensive
study comparing the specific potencies of each antioxidant
substance can be perceived. Furthermore, an accumulation
of remarkable observations eases comparing antioxidants’
benefits in COVID-19 patients and helps to reveal the most
effective antioxidants for future patients [15]. According to
the proposed efficacy, safety, effects on the onset of disease,
and their low cost, antioxidants (vitamins A, C, E, selenium
(Se), and Zn) represent beneficial agents for clinicians to
be used for the COVID-19 pandemic. The present system-
atic review reports the association of vitamins A, C, E, Se,
and Zn as exogenous and endogenous antioxidants with the
overall health condition of COVID-19 patients and further
proposes the most beneficial ones to be considered for future
applications.

Methods

The Preferred Reporting Items for Systematic Review and
Meta-Analyses (PRISMA) were used to conduct this sys-
tematic review [16]. The PRISMA checklist can be found
in Supplementary Table 1. Prior to beginning the study, a
thorough research protocol was created and registered in
the international prospective register of systematic reviews
(PROSPERO) with CRD42023394386 ID and then followed
throughout the process. The main question of this study is
as follows: in COVID-19 patients, what is the association
between different serum levels of antioxidants and the out-
comes and severity of the disease?

Search Strategy

A thorough search was carried out for articles published
before April 2022 on PubMed, Web of Science, Scopus,
and Cochrane. The complete syntax set on the bases of
following search terms including Medical Subject Head-
ing (MeSH) and non-MeSH keywords was as follows:
(zinc[tiab] OR zinc[MeSH] OR zn[tiab] OR zink[tiab]
OR “vitamin c¢”[tiab] OR “ascorbic acid”[tiab] OR “‘ascor-
bic acid”’[MeSH] OR ascorbic[tiab] OR ascorbate[tiab]
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OR selenium|[tiab] OR selenium[MeSH] OR Se[tiab]
OR selenoprotein[tiab] OR selenoproteins[MeSH]
OR “selenoprotein P”[tiab] OR “selenoprotein
P’[MeSH] OR “glutathione peroxidase”[tiab] OR “glu-
tathione peroxidase”’[MeSH] OR “selenoglutathione
peroxidase”[tiab] OR “vitamin A”[tiab] OR “vitamin
A”[MeSH] OR carotene[tiab] OR carotenoids[MeSH]
OR “beta carotene”[tiab] OR “beta carotene”’[MeSH] OR
“B-carotene”[tiab] OR carotenoid[tiab] OR retinol[tiab]
OR retinoid[tiab] OR retinoids[MeSH] OR “retinoic
acid”[tiab] OR tretinoin[tiab] OR tretinoin[MeSH]
OR isotretinoin[tiab] OR isotretinoin[MeSH] OR
zeaxanthin[tiab] OR zeaxanthins[MeSH] OR lutein[tiab]
OR lutein[MeSH] OR lycopene[tiab] OR lycopene[MeSH]
OR cryptoxanthin[tiab] OR cryptoxanthins[MeSH]
OR “vitamin E”[tiab] OR “vitamin E”’[MeSH] OR
tocopherol[tiab] OR tocopherols[MeSH]) AND (covid-
19[tiab] OR covid-19[MeSH] covid[tiab] OR “covid
19”[tiab] OR covid19[tiab] OR SARS-COV-2[tiab] OR
SARS-COV-2[MeSH]). Regarding the publication date,
there were no limitations imposed. All publications were
gathered into an EndNote library, and duplicates were
eliminated.

Inclusion Criteria

After excluding duplicated studies, two independent
researchers (A.H. and R.A.) conducted the first step of
screening by reading titles and abstracts. Through the second
screening step, all the observational studies (case controls,
cohorts, and cross-sectionals) investigating the association
between the serum level of antioxidants and COVID-19
outcomes were considered eligible to be included. Desired
outcomes were defined to be hospital length of stay (LOS),
intensive care units (ICU) LOS, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), TNF-a level, IL-6
level, mortality rate, need to mechanical ventilation (MV),
cardiac injury, acute kidney injury (AKI), ICU admis-
sion, thrombosis, and acute respiratory distress syndrome
(ARDS). Disagreements regarding article selection were
discussed with the principal investigator.

Exclusion Criteria

These criteria were used to exclude studies: (1) non-human
participants; (2) gray literature, including book chapters,
correspondence, conference abstracts, and comments; (3)
molecular research; (4) environmental studies; (5) review
papers; (6) full-text publications in languages other than
English; (7) desired data not reported; and (8) studies that
focused on pregnant women.
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Data Extraction

Data from papers were individually gathered by two review-
ers and entered into Microsoft Excel.
The data comprised the following:

e Details about the publication, such as the title, journal,
publication date, and stated goals

e Study characteristics: study location, design, sample size,
mean age, gender, and health condition of participants

e C(Critical data: the substance studied, data on outcomes as
much detailed as possible

Quality Assessment

The Newcastle-Ottawa Scale (NOS) was used to rate the
quality of the included articles [17]. NOS is based on a star
scoring system, in which a maximum of nine (for cohort and
case—control studies) and ten stars (for cross-sectional stud-
ies) can be awarded to each study. The quality assessment
was checked independently by two authors, and any disa-
greements were discussed with the principal investigator.

Result
Study Selection

Detailed information on the study selection procedure can
be found in Fig. 1. Four thousand one hundred one articles
were initially acquired up until April 2022, of which 1663
were obtained from PubMed, 2148 from Scopus, 256 from
Web of Science, and 34 from Cochrane. After removing
896 duplicates and 3154 irrelevant articles during the first
screening stage, 51 articles were retained. After performing
stricter criteria in the second screening stage, 13 articles
were excluded, which 9 of them were trial studies, 3 of them
focused on pregnant women, and one of them was a case
series study. At last, 38 eligible studies were included in this
systematic review.

Basic Characteristics of the Selected Studies
Table 1 provides an overview of the included studies’ char-

acteristics. The 38 included articles were published between
2019 and 2022. All of them used an observational design.

Fig. 1 Flow diagram of the
study selection for the system-
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Out of 38 studies, 22 of them were cohort, 5 of them used
case—control design, and 11 were cross-sectional. Investiga-
tions were conducted in different countries: 9 studies were
conducted in Iran [3, 4, 6, 9, 15, 18-21], while the remaining
were performed in Turkey [22-26], China [7, 10, 27, 28],
Spain [14, 29, 30], Saudi Arabia [1, 5, 31], France [12, 32],
Belgium [33], Korea [34], Nigeria [8], India [35, 36] Brazil
[2], and Japan [37]. Twenty-one studies just analyzed the
association between Zn and COVID-19 outcomes [2, 4, 5,
9, 12, 13, 15, 18-20, 22, 26, 29, 30, 32, 33, 35-38], three
studies analyzed the association between Se and COVID-19
outcomes [8, 39], one analyzed the association between vita-
min A and COVID-19 outcomes [40], eight studies analyzed
the association between vitamin C and COVID-19 outcomes
[1, 7,10, 23-25, 27, 28], and eight studies investigated the
association between mixed antioxidant vitamins, Se, and Zn
with COVID-19 [3, 8, 9, 14, 21, 31, 34, 41].

Quality Assessment of the Included Studies

A complete report of the quality assessment procedure for
the included studies is outlined in Supplementary Table 2.
According to the NOS scores, we classified 6 studies as fair
quality and thirty-five as high quality.

The Association Between the Serum Level
of Different Antioxidants in COVID-19 Patients
(Substance-Based)

A summary of the findings on the correlation between serum
levels of several antioxidants and COVID-19 results can be
found in Table 1.

Selenium

Starting with cross-sectional studies, the first study was
conducted by Younesian et al. in Iran[6] and revealed that
no significant differences existed between the groups of
survivors (mean serum Se level 77.9 +14.3 pg/l) and non-
survivors (77.2+12.3 pg/l), despite the fact that when
compared to healthy control subjects (91.7 +16.7 ug/l), the
serum Se level in COVID-19 patients was significantly lower
(77.8+13.9 pg/l). The second cross-sectional study regard-
ing Se [8] in Nigeria revealed that the plasma concentra-
tion of Se in COVID-19 patients was considerably lower
than in controls (25.3+2.4 vs. 29.1 +1.9 ng/dl, P <0.001).
In Germany, a cross-sectional study [39] showed that the
samples from COVID-19 survivors had considerably greater
Se serum status (53.3 +16.2 pg/l) than samples from non-
survivors (40.8 + 8.1 pg/l). Moreover, a cohort study in
Saudi Arabia [31] showed that 30% of COVID-19 patients
were deficient in serum Se level (<70.08 ug/l). Another
cohort study in Korea [34] found that 42% of patients were
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Se deficient. In the same way, the next cohort study in Iran
[3] demonstrated that serum Se levels in ICU patients were
lower than the non-ICU ward patients; however, the differ-
ence was not significant (123.06 +2.58 vs. 130.19 +3.19,
P =0.084). Finally, the next cohort study [9] which was con-
ducted in Iran reported that the mean serum Se levels were
47.07+20.82 ng/ml in the mild group, 47.36 +25.6 ng/ml
in the moderate group, and 29.86 +11.48 ng/ml in the severe
group. A substantial inverse relationship between serum Se
level and COVID-19 severity was found (standardized coef-
ficient= —0.28, P value=0.01).

Zinc

A comparative cross-sectional study by Kumar et al. [35]
revealed that the Zn level was remarkably lower in COVID-
19 cases compared to healthy individuals (P <0.0001). Zn
levels were found to be reduced with the increasing sever-
ity of COVID-19 (mild, 56.7 pg/dl; moderate, 50.5 pg/
dl; and severe, 42.89 pg/dl). Another cross-sectional
study [4] in Iran reported the average serum Zn levels in
severe cases, non-severe cases, and healthy volunteers as
follows: 72.10+ 18.18 pg/dl, 78.72 +22.58 ug/dl, and
82.10+17.96 pg/dl (P <0.05), respectively. The findings
also showed that individuals with pulmonary involvement
had significantly lower Zn levels than healthy volunteers
(74.29 £20.94 pg/dl vs. 82.10+17.95 pg/dl, P=0.02).
Another cross-sectional [8] study in Nigeria showed that
the plasma concentrations of Zn were significantly lower in
COVID-19 patients (58.1 7.0 ug/dl) compared to controls
(64.9 +6.2 pg/dl, P=0.039). Likewise, a cross-sectional
study [18] carried out in Iran indicated that the serum level
of Zn was lower in patients who expired (94.17 +25.95 pg/
dl) than in those who were in ICU (98.83 +30.49 ug/dl)
or non-ICU-admitted (118.8 +34.40 pg/dl) (P=0.002).
According to the authors, clinical outcomes in COVID-
19 patients can be impacted by the serum Zn level at the
time of admission. In line with this, a cross-sectional study
[38] conducted in Germany showed that surviving patients
(0.4 +£0.2 nM) significantly had higher levels of Zn than
non-survivors (0.2+0.1 nM; P=0.0004). Another cross-
sectional study in Spain [14] realized that 74% of patients
had low levels of Zn (63.5+ 13.5 pg/dl) with respect to the
normal range (> 84 pg/dl). In a cross-sectional study [15],
infected individuals had lower serum Zn concentrations
(101 + 18 pg/dl) than non-infected participants (114 + 13 pg/
dl; P=0.01). Another cross-sectional [21] study was con-
ducted on ICU-admitted patients in Iran. The results indi-
cated that the serum levels of Zn were remarkably lower
in the group with an Acute Physiologic Assessment and
Chronic Health Evaluation (APACHE) score of more than
25 (50.50 + 18 ug/dl) in compassion to the group with an
APACHE score <25 (80+32.75 pg/dl) (P <0.001). In India,
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a case—control study [36] found that Zn levels were consider-
ably lower in COVID-19 patients than in healthy individu-
als (median; IQR 74.5 mg/dl; 53.4-94.6 vs. 105.8 mg/dl;
95.65-120.90; P <0.001). Another case—control study in
Iran [19] indicated that the median of Zn levels in the cases
was lower than the controls (median; IQR 56 ng/ml; 23 vs.
110 ng/ml; 27; respectively) (P <0.01). Another case—con-
trol study in Turkey [22] found that serum Zn level was sig-
nificantly lower among COVID-19 patients (median serum
Zn level, 88.5; IQR, 77.2-100 pg/d) compared to the con-
trol group (median serum Zn level, 98; IQR, 84-111 pg/dl).
Another case—control study in Iran [20] found that 52% of
patients had Zn deficiency, and serum Zn levels of patients
were lower than the healthy individuals (67.61 +15.10 pg/dl
vs. 86.66+11.76 ug/dl; P <0.001). In the same way, a cohort
study [37] showed that hypozincemia (Zn <70 mg/dl) was a
risk factor for a severe case of COVID-19. Another cohort
study in Saudi Arabia [31] showed that 25% were deficient
in serum Zn level (<0.693 pg/ml). Another cohort study
[13] was carried out on 97 acute and non-acute COVID-19
patients in Bulgaria. Results showed that acute patients did
not vary from healthy controls (P =0.999) but had remark-
ably lower Zn levels in comparison to non-acute patients
(P=0.023). Similar to the previous study, a cohort study
in France [12] found that hypozincemia was more common
in patients than in healthy individuals (27.6% vs. 11.4%;
P =0.003). Additionally, a French cohort research [32]
discovered that the median blood Zn level was consider-
ably lower in patients with poor clinical outcomes (N=75)
compared to individuals with favorable clinical outcomes
(840 mg/1 vs. 970 mg/l; P <0.0001). Likewise, a cohort
study in Korea[34] found that no patients were Zn-deficient.
In Belgium, another cohort study [33] demonstrated that
the most of COVID-19 patients (96%) were Zn-deficient.
Similarly, a cohort study in Iran[3] indicated that serum
Zn levels were lower in ICU patients (67.3 +1.79 ug/dl)
compared to non-ICU ward patients (68.42 + 1.35 ug/dl),
and the difference was not significant (P =0.619). How-
ever, low Zn levels were found to be associated with death
among COVID-19 patients (recovered 69.66 + 1.34 pg/dl vs.
deceased 62.43 + 1.81 pg/dl; P=0.005). Also another cohort
study in Iran[9] revealed a substantial inverse relationship
between serum Zn levels and COVID-19 severity (standard-
ized coefficient= —0.26, P value =0.02).

Vitamin C

A cross-sectional investigation by Muhammad et al. [8]
demonstrated that COVID-19 patients’ plasma concentra-
tions of vitamin C were considerably lower than those of
controls (0.33 +0.43 mg/dl vs. 0.44 +0.32 mg/dl; P <0.001).
Similarly, a cross-sectional study in Spain [14] found that
all patients had low levels of vitamin C with a mean value

of 0.14 +£0.05 mg/dl (normal range > 0.4 mg/dl). In Iran, 60
COVID-19 patients admitted to the ICU underwent another
cross-sectional research [21]. The findings revealed that the
group with an APACHE score > 25 had lower serum levels
of vitamin C than the group with an APACHE score <25
(0.25+0.27 pg/dl vs. 0.40 +£0.50 pg/dl, respectively,
P=0.063). Moreover, a cohort study [24] was conducted
on 21 COVID-19 patients who were admitted to ICU in the
USA. The results demonstrated that most of the patients
who were severely ill had low serum levels of vitamin C,
and serum levels of vitamin C among non-survivors were
lower than survivors (15.4+7.6 pmol/l 29.1 +23.3 pmol/l;
P=0.106).

Vitamin A

Involving 71 COVID-19 patients in Nigeria, Muhammad
et al. [8] carried out a cross-sectional study. The findings
demonstrated that individuals with COVID-19 had consider-
ably lower plasma concentrations of vitamin A than did con-
trols (26.5+2.3 pug/dl vs. 28 + 1.1 pg/dl, P <0.001). Similar
findings were made by a cross-sectional study [14] in Spain.
It was discovered that 71% of the patients had low levels
of vitamin A (0.17 +0.06 mg/l, normal range > 0.3 mg/l).
Similar to this, a cross-sectional study [21] on 60 COVID-
19 patients admitted to an Iranian ICU was carried out. The
results revealed that the serum level of vitamin A was lower
in the group with APACHE score > 25 (0.20+0.39 pmol/l)
when compared to the group with APACHE score <25
(0.30+0.37 pmol/l) (P=0.841). 40 COVID-19 patients
were the subject of another cross-sectional study [40] in
Germany. The results demonstrated that Vitamin A level
was significantly lower in hospitalized patients (moderate,
severe, and critical status) compared to convalescent persons
(median; IQR 0.48 mg/l; 0.29-0.56, 0.32 mg/1; 0.21-0.42,
0.25 mg/10.16-0.38, and 0.60 mg/1; 0.51-0.69, respectively;
P <0.001). Similarly, a cohort study [31] in Saudi Arabia
indicated that 36.5% of patients had vitamin A levels below
the lower reference limits of 0.343 mg/1.

Vitamin E

A cross-sectional investigation in Nigeria was carried
out by Muhammad et al. [8]. The findings demonstrated
that COVID-19 patients’ plasma concentrations of vita-
min E were considerably lower than those of controls
(0.63 £0.05 mg/dl vs. 0.87 +0.06 mg/dl; P <0.001). One
more cross-sectional study [21] was conducted on 60
COVID-19 patients admitted to ICU in Iran. The findings
showed that the group with an APACHE score > 25 had
lower serum levels of vitamin E than the group with an
APACHE score <25 (7.30 +6 ug/ml vs. 7.75 +7.22 pg/ml;
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P=0.406, respectively). In a similar way, a cohort study [31]
in Saudi Arabia showed that 10.2% of patients had vitamin E
levels lower than the reference limits of 5.5 mg/I.

The Association Between the Serum Level
of Different Antioxidants in COVID-19 Patients
(Outcome-Based)

Mechanical Ventilation in COVID-19 Patients

Shaken et al. [18] conducted a cross-sectional study in Iran.
The results showed that there is no noticeable difference in
serum Zn level between patients who needed intubation and
did not. The necessity for intubation was directly correlated
with low levels of vitamin A (vitamins deficient 92.3% vs.
non-deficient 7.7%; P=0.001) and zinc (87.5% vs. 12.5%;
P=0.002), according to a second cross-sectional study [14]
done in Spain. In the same way, in the USA, a case—con-
trol study [26] was carried out on 411 patients receiving
Zn sulfate and 521 patients who did not. According to the
findings, the addition of Zn sulfate was linked to a reduced
need for MV (OR, 0.562; 95% CI, 0.354-0.891). In a similar
way, a cohort study [1] in Saudi Arabia was conducted on
296 patients who were admitted to ICU. According to the
findings, patients who received the ascorbic acid had a sta-
tistically insignificant increased rate of liver damage and res-
piratory failure necessitating MV. Likewise, a cohort study
[5] in Saudi Arabia demonstrated that patients who received
Zinc sulfate had a longer median of ventilator-free days than
patients who did not (beta coefficient, 0.33; 95%CI, 0.21,
0.87; P=0.22). Similar to this, a cohort research [23] in the
USA showed that patients who received high-dose intrave-
nous vitamin C (HDIVC) had a noticeably decreased MV
rate (52.93% vs. 73.14%; OR=0.27; P=0.049). Another
cohort study [33] in Belgium showed that the median plasma
Zn level was systematically lower in MV-needed patients
compared to non-MV COVID-19 cases (P <0.001).

CRP, ESR, TNF-qa, and IL-6 Levels in COVID-19 Patients

Tepasse et al. [40] conducted a cross-sectional study in
Germany. The findings demonstrated a strong correlation
between elevated CRP levels and decreased plasma lev-
els of vitamin A (r= —0.54, P<0.001). In a similar way,
in the USA, a case—control study [26] was carried out on
411 patients receiving zinc sulfate and 521 patients who
did not. The findings demonstrated that there was no vari-
ation in CRP between groups (median; IQR 104.95 mg/l;
51.1-158.69 vs. 108.13 mg/l; 53-157.11; P=0.958). Also,
another case—control study [22] was conducted in Tur-
key. The findings demonstrated that serum Zn levels and
CRP did not correlate (median; IQR, 2.6 mg/1; 0.80-8.80
vs. 2.2 mg/l; 0.80-5.50; P=1.000). Another case—control
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study [36] in India showed that IL-6 levels were raised in
more patients in the Zn-deficient group than in those with
normal Zn levels (33.3% vs. 15%, P=0.110). In the same
way, a cohort study [41] conducted on 22 patients who were
admitted to ICU showed that sufficient Se and Zn homeo-
stasis was furthermore associated with reduced parameters
of inflammation. Se and Zn were inversely correlated with
CRP and positively associated with the number of natural
killers (NK) cells. Another cohort study [5] in Saudi Ara-
bia showed that patients who received Zn in the ICU had
a lower CRP (beta coefficient, —0.05; 95%CI, — 0.36, 0.27;
P=0.92). Similar to this, a cohort study [13] conducted in
Bulgaria on individuals with COVID-19 revealed that acute
patients had higher CRP levels at hospital admission. Like-
wise, a cohort study [28] conducted in China found that the
percentages of reduction in inflammatory marker levels were
higher in patients receiving HDIVC compared with those in
patients treated without HDIVC. Similarly, a cohort study
[7] conducted in China found that from day O (on admission)
to day 7, the HDIVC group exhibited increased CD4 + T
cells (P=0.04) and decreased CRP levels (P =0.005). In the
USA, another cohort study [23] (HDIVC group, 25; control
group, 75) revealed that on the fifth day of treatment, CRP
levels in the HDIVC patients were non-significantly reduced
(mean+SD, 126.0+7 6.3 mg/l vs. 165.3 +98.5 mg/l;
P=0.130). Similarly, a cohort study [29] was performed in
Spain. The results indicated that individuals with serum Zn
levels < 50 pg/dl had significantly higher CRP (Zn-deficient
individuals 14.6 mg/dl vs. non-Zn-deficient individuals
7 mg/dl; P=0.03) and especially IL-6 (77 pg/ml vs. 32 pg/
ml; P<0.001).

Mortality in COVID-19 Patients

Tepasse et al. [40] conducted a cross-sectional study in
Germany. The findings demonstrated a strong association
between plasma vitamin A levels below 0.2 mg/l and death
(OR, 5.21; 95%CI, 1.06-25.5; P=0.042). Similar to this,
a case—control study [26] was carried out in the USA on
411 patients using zinc sulfate and 521 patients who did
not. The results showed that the consumption of zinc sul-
fate was associated with decreased mortality (OR, 0.511;
95% CI, 0.359-0.726). Another case—control study [36]
conducted in India demonstrated that when compared to
patients with normal Zn levels, documented deaths were
greater in the Zn-deficient group 18.5% vs. 0% (P =0.06).
Similar to this, a cohort study [1] on 296 Saudi Arabian
patients who were brought to the ICU was carried out.
According to the findings, individuals who took ascorbic
acid had much lower hospital mortality rates (33.6%) than
those who did not (49.3%) (P =0.0006). Likewise, a cohort
study [5] in Saudi Arabia showed that the 30-day mortality
was lower in patients who received 220 mg zinc sulfate/day
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(HR, 0.52; 95%CI, 0.29, 0.92; P=0.03). Similarly, a cohort
study [23] was performed in the USA. According to the find-
ings, HDIVC patients had a considerably longer mean time
to expiry (22.9 days on average vs. 13.7 days for control
patients; P=0.013). Another cohort study [33] in Belgium
indicated that the plasma Zn concentration was not signifi-
cantly associated with the risk of mortality or morbidity
(OR, 0.97;95% CI1=0.94—-1.00; P=0.065). Another cohort
study [27] in China showed that compared to the COVID-
19 group’s conventional therapy, the high-dose vitamin C
treatment lowered the chance of 28-day mortality (HR, 0.14;
95% CI, 0.03-0.72). Similarly, a cohort study [25] was per-
formed in the USA. Eight patients who received daily IV
vitamin C were matched to 24 patients who did not. The
results showed that higher rates of hospital mortality were
observed in the IV vitamin C group of patients (N=7 (88%)
vs. N=19 (79%), P=0.049).

Hospital LOS in COVID-19 Patients

In the USA, M. Carlussi [26] conducted a case—control study
on 411 patients receiving zinc sulfate and 521 patients who
did not. The results showed that the hospital LOS did not
shorten when zinc sulfate was added(median; IQR Zn, 6;
4-9 days vs. no-Zn: 6; 3-9 days P=0.646). In the same way,
a cohort study [1] was conducted on 296 COVID-19 patients
who were admitted to ICU in Saudi Arabia. 21.3% of the
patients who were included got ascorbic acid, compared to
78.7% who did not. They noticed that the hospital LOS was
prolonged for severe patients who received an additional
dosage of ascorbic acid as supplementary therapy (beta
coefficient, 0.50; 95% CI, 0.29, 0.71; P <0.0001). Another
case—control study [36] in India demonstrated that com-
pared to individuals with normal Zn levels, more COVID-
19 patients with Zn deficiency had lengthy hospital admis-
sions (> 7 days) (59.2% vs. 30.0%, P=0.047). Likewise, a
case—control study [22] in Turkey revealed that 11.2% and
45.5% of patients needed hospitalization in normal and low
serum Zn levels, and there was not any significant differ-
ence in the hospital LOS (4 days vs. 5.4 days; P =0.360).
Likewise, a cohort study [30] on 35 COVID-19 patients who
needed parenteral nutrition with Zn found that serum Zn
level was inversely correlated with a total hospital stay in
the first week of parenteral nutrition and at the end of it
(r=0.413, P=0.014, and r=0.386, P =0.022, respectively).

ICU LOS in COVID-19 Patients

In the USA, M. Carlussi [26] conducted a case—control study
on 411 patients receiving zinc sulfate and 521 patients who
did not. The results showed that a shorter LOS in the ICU
was not correlated with the addition of zinc (median; IQR
4.85 days; 1.97-7.94 vs. 5.54 days; 2.65-9.32, respectively;

P=0.504). In the same way, a cohort study [1] was con-
ducted on 296 COVID-19 patients who were admitted to
ICU in Saudi Arabia. They noticed that severe patients who
got additional ascorbic acid as supplementary therapy stayed
in the ICU for a longer period of time (beta coefficient, 0.47;
95% CI, 0.26, 0.68; P <0.0001). Likewise, a cohort study
[5] was carried out in Saudi Arabia. Zinc sulfate 220 mg
(50 mg of elemental Zn) enteral tablet once daily was newly
initiated in the ICU to 90 patients. The result demonstrated
that there was no noticeable difference in ICU LOS between
the two groups (beta coefficient, 0.10; 95% CI, - 0.16, 0.36;
P=0.46). Similarly, a cohort study [23] in the USA (HDIVC
group, 25, and control group, 75) revealed that individu-
als with COVID-19 who received HDIVC had considerably
longer average ICU stays than those who did not (median;
IQR 11.8 days; 7.9-15.8 vs. 7.9 days; 5.1-10.7) (OR, 4.0;
95%CI,—17.4,9.3; P=0.141). Another cohort study [25] in
the USA demonstrated that there was no difference in ICU
LOS between patients who received 6gr IV vitamin C daily
and patients that not received I'V vitamin C (18 + 13 days vs.
16 + 14 days, respectively) (P=0.71).

Thrombosis in COVID-19 Patients

In the USA, M. Carlussi [26] conducted a case—control
study on 411 patients receiving zinc sulfate and 521 patients
who did not. The results demonstrated that there was no
difference between the D-dimer of groups (median; IQR
341 ng/ml; 214-565 vs. 334 ng/ml; 215-587, respectively;
P=0.753). Similarly, a cohort study [1] was conducted on
296 COVID-19 patients who were admitted to ICU in Saudi
Arabia. It was revealed that utilizing the ascorbic acid was
related to a lower risk of thrombosis (6.1% vs. 13%, respec-
tively) (OR, 0.42; 95% CI, 0.184, 0.937; P=0.03). Like-
wise, a cohort study [5] was carried out on 164 COVID-19
patients in Saudi Arabia. Zinc sulfate 220 mg (50 mg of
elemental Zn) enteral tablet once daily was newly initiated
in the ICU for 90 patients. The results showed that no sig-
nificant difference was observed in thrombosis/infraction
(OR, 0.46; 95%CI, 0.11, 1.98; P=0.29). In the same way, a
cohort study [23] in the USA (HDIVC group, 25, and control
group, 75) found that on the seventh day of treatment, the
HDIVC patients’ mean D-dimer level was likewise signifi-
cantly lower (1968.3 +3186 ng/ml vs. 2553.3 +2720 ng/ml;
P=0.016).

AKl in COVID-19 Patients

Al Sulaiman et al. [1] performed a cohort study on 296
COVID-19 patients who were hospitalized in the ICU in
Saudi Arabia. The findings indicated that the ascorbic acid
group had a statistically insignificant increased rate of AKI.
Also, another cohort study [5] in Saudi Arabia showed that
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Zinc sulfate was associated with lower odds of AKI devel-
opment during ICU stay (OR, 0.46; 95% CI, 0.19-1.06;
P=0.07).

ARDS in COVID-19 Patients

Tepasse et al. [40] conducted a cross-sectional study in Ger-
many. The results showed that plasma vitamin A concen-
trations below 0.2 mg/l were strongly linked to the onset
of ARDS (OR =5.54; 95%CI, 1.01-30.26; P=0.048). In
the same way, a case—control study [36] in India found that
patients with ARDS were more likely to be in the Zn-defi-
cient group than those with normal Zn levels (18.5% vs.
0%, P=0.063). In the same way, a cohort study [20] was
performed on 269 ICU patients and showed that there was
an association between severe ARDS and low Zn levels (OR,
14.4;95% CI, 6.2-33.5; P <0.001).

Cardiac Injury

Xia et al. [10] conducted a cohort study in China. The find-
ings revealed that HDIVC administration can ameliorate
cardiac injury by alleviating hyper-inflammation in severe
COVID-19 patients. Another cohort study [23] in the USA
(HDIVC group, 25, and control group, 75) showed that
patients who received HDIVC had a remarkably lower rate
of cardiac arrest (2.46% vs. 9.06%; OR=0.2 (0.1-1.0);
P=0.043).

ICU Admission in COVID-19 Patients

In a cross-sectional investigation in Spain, Irriguible et al.
[14] discovered that low levels of vitamin A and zinc were
linked to the requirement for ICU admission (62.1% vs.
20.7%; P=0.048 and 61.8% vs. 29%; P=0.002, respec-
tively). In the same way, a case—control study [36] in India
showed that the requirement of ICU was higher in the Zn-
deficient group when compared to patients with normal Zn
levels (25.9% vs. 10%, P=0.266). Another case—control
study [26] was carried out in the USA on 411 individuals
receiving zinc sulfate and 521 who did not. The findings
indicated that the consumption of zinc sulfate was linked
to a reduced requirement for ICU care (OR, 0.545; 95% CI,
0.362-0.821).

Discussion

In the present study, we systematically reviewed the asso-
ciation between different serum levels of antioxidants such
as Se; Zn; vitamins A, C, and E; and COVID-19 outcomes.
There were different stratifications in various articles, such
as stratification based on survived and non-survived patients,
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and stratification based on the severity of COVID-19, in
which most articles were divided into mild, moderate, and
severe. We observed that low levels of antioxidants may
increase the severity of COVID-19 outcomes. Although
most studies focused on the same outcomes including the
need for MV, mortality, rise in the inflammatory factors,
ICU admission, ICU LOS, hospital LOS, AKI, thrombosis,
ARDS, and cardiac injury, there are disagreements con-
cerning their findings. Therefore, no clear recommendation
can be drawn. In most studies, it seems that the serum level
of antioxidants decreases when going from mild to severe
COVID-19. Moreover, the serum levels of antioxidants were
higher in the survivors than in the expired patients. Also,
patients who had an appreciative level of antioxidants had
low levels of mortality, inflammatory factors, cardiac injury,
ARDS, ICU admission, low risk for thrombosis, and the
requirement to MV. But there were no significant difference
in ICU LOS and hospital LOS. In accordance with the main
findings of the present study, previous studies have also
demonstrated that the lack of antioxidants may result in the
severity of COVID-19. A recent systematic review by Jovis
et al. [42] which examined the association of vitamins in
facing COVID-19 indicated that vitamins A, C, D, and E are
potentially advantageous by acting as antioxidants, immu-
nomodulators, and natural barriers. Another study confirmed
the association between antioxidants and COVID-19 [42]
suggested that high doses of vitamin C may lower mortal-
ity and thrombosis rates, as well as improve oxygenation.
Another systematic review [43] indicated that vitamin C
supplementation in the range of 1-2 g per day enhanced
endothelium function and reduced CRP. Zn supplementation
in the range of nearly 50 mg per day significantly decreased
CRP. Another systematic review [44] demonstrated that Se
levels were lower in COVID-19 patients than in healthy peo-
ple, and Se deficit was often linked to worse outcomes. They
came to the conclusion that Se supplementation in COVID-
19 patients may help to stop the progression of the disease.
Inconsistently, Kwak et al. [45] showed that the length
of hospitalization did not differ significantly between the
HDIVC and control groups. But their meta-analysis revealed
that HDIVC lowered the in-hospital mortality rate in patients
with severe COVID-19. On the other hand, another system-
atic review and meta-analysis [46] indicated that compared
to the placebo group, short-term intravenous vitamin C
treatment did not lessen the severity or expiry in COVID-19
patients. Moreover, a systematic review and meta-analysis
[47] demonstrated that antioxidants, especially Zn, and Se,
vitamins C and D, improve COVID-19 clinical outcomes
and reduce the severity. Another systematic review and
meta-analysis [48] revealed that vitamin C supplementation
reduces hospital mortality in COVID-19 patients, but ICU
LOS and hospital LOS were longer in the patients who were
treated with vitamin C.
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This observed inconsistency among included studies may
be due to the following causes: (a) antioxidants were used
as the primary treatment in certain investigations, while in
others, they served as a co-adjuvant to formal experimental
therapy. (b) The hospital setting (inpatient vs. outpatient)
and ethnicity varied between studies. (c) There was no con-
sistency among studies regarding their administration pro-
tocol; a high degree of heterogeneity was observed in the
dosage, administration, and treatment duration. (d) Finally,
some studies gave vitamins to individuals with varying risk
factors, levels of COVID-19 infection, and times (before,
during, or after the infection).

Regarding the underlying mechanisms, one possible
explanation is that COVID-19 outcomes may be due to
oxidative stress [49-51] caused by binding of the virus to
the ACE2. ACE2’s bioavailability is decreased as a result
of SARS-CoV-2 bindings to it, which also allows the virus
to enter cells. When angiotensin II binds to angiotensin II
receptor type 1(AT1R), it modulates nicotinamide adenine
dinucleotide phosphate (NADPH) activation. Because
ACE?2 is now less bioavailable due to SARS-CoV-2 bind-
ing, angiotensin II can link with AT1R and send signals that
activate NADPH oxidase, cause oxidative stress, and trigger
inflammatory reactions, all of which increase the severity of
COVID-19. Another relevant mechanism [49] explains the
interaction of ACE2 with oxidative stress in the etiology
of COVID-19, including endothelial dysfunction brought
on by NADPH oxidase’s production of ROS, which lowers
nitric oxide bioavailability, which in turn causes vasospasm,
inflammation, redox imbalance, and endothelial dysfunction.
As a result, the traditional renin—angiotensin—aldosterone
system (RAAS) transforms into a strong pro-oxidant sys-
tem in vessels when ACE2 is dysfunctional or its levels are
decreased as a result of SARS-CoV-2. A higher generation
and release of pro-inflammatory cytokines are one way
that coronaviruses, specifically COVID-19, are capable to
trigger the cytokine storm. This verifies the high levels of
inflammatory factors seen in COVID-19 patients. It is inter-
esting that one of the factors discovered is the nonspecific
CRP, a popular biomarker for the identification of sepsis.
Furthermore, COVID-19 severity and mortality have been
linked to increased levels of inflammatory cytokines and
chemokines. Regarding inflammatory mediators, COVID-19
has been reported to have elevated plasma concentrations of
TNF and IL such as IL-6 and interferon (IFN) among oth-
ers. This gave rise to the theory that sepsis and septic shock
in these patients could be brought on by the dysregulated
activation of a broad variety of hyper-inflammatory fac-
tors linked to COVID-19. It is obvious that oxidative stress,
particularly when combined with pulmonary dysfunction,
the cytokine storm, or viral sepsis caused by COVID-19
infection, is a crucial element that worsens COVID-19 in
some patients. Antioxidant therapy has been suggested as

an adjuvant therapy for sepsis. The therapeutic potential of
these substances in COVID-19 may therefore be hypoth-
esized using the knowledge gained from other studies about
antioxidants in sepsis.

Our systematic review has several strengths. All of the
information used in this study was taken from original stud-
ies that had high NOS system quality ratings. Antioxidants
may be administered to patients with infectious disorders
given their high level of safety, low price, and potential for
convenience production.

However, the following limitations of this study are
noted: there is currently no evidence-based advice for use
of antioxidants in COVID-19 patients, and more thorough
randomized controlled trials (RCTSs) are needed to assess and
optimize the timing, dosage, and duration of antioxidants
treatment. The majority of current investigations have been
observational, and some have used studies with inadequate
sample sizes that could cause bias.

Conclusions

According to the primary findings of the current study, it
appears that the majority of studies have shown that anti-
oxidants can improve COVID-19 results. To draw a reliable
conclusion, additional clinical trials with adequate sample
sizes should be carried out.
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