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Abstract

Background and Aims: Vitamin C has been predicted to be effective as an
antioxidant in treating various ailments, including viral infections such as pervasive
coronavirus disease (COVID-19). With this meta-analysis, we looked to ascertain the
relationship between high-dose vitamin C administration and mortality, severity, and
length of hospitalization of COVID-19 patients.

Methods: We collected articles from PubMed, Google Scholar, ScienceDirect, SAGE,
and Cochrane databases between January 1, 2020, and May 30, 2022. Odds ratio
(ORs) with corresponding 95% confidence interval (Cl) and p value were calculated
to assess the connection of high-dose vitamin C in COVID-19 patients' mortality and
severity. The length of hospitalization was calculated and pooled with the mean
difference (MD), 95% Cl, and p value. Review manager 5.3 was used to carry out this
meta-analysis.

Results: This meta-analysis included 15 complete studies involving 2125 COVID-19
patients. Our study demonstrated a significant correlation between vitamin C
consumption and death. Vitamin C consumption significantly reduces mortality risk
with COVID-19 patients (OR =0.54, 95% Cl = 0.42-0.69, p < 0.00001). Furthermore,
there was a link between the severity of COVID-19 and the intake of vitamin C.
Patients who consumed vitamin C showed 0.63 times less severity than those who
did not take vitamin C (OR=0.63, 95% Cl=0.43-0.94, p =0.02). Patients taking
vitamin C spent slightly more time in hospital than those who did not take vitamin C
(MD =0.19, 95% Cl=-1.57 to 1.96, p = 0.83).

Conclusions: During COVID-19, there was a substantial advantage in taking

supplementary vitamin C, at least in terms of severity and mortality.
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1 | INTRODUCTION

The highly contagious COVID-19 has already claimed the lives of
more than five million individuals worldwide.»? Since December
2019, when severe acute respiratory syndrome-2 (SARS-CoV-2) was
first identified in Wuhan, Hubei Province, China, this respiratory viral
infection has outstretched swiftly over the entire world, inducing the
World Health Organization (WHO) to promulgate it as a ubiquitous
epidemic on March 11, 2020.% Aged patients and those with pre-
existing medical conditions, such as pulmonary disease or immuno-
deficiency, are at greater risk of developing this life-threatening
respiratory condition that requires supplemental oxygen support.*
The coronavirus that caused the severe acute respiratory syndrome
pandemic of 2002-2003 has 70% of its genome resemblance to this
new virus (SARS—CoV—Z).5 Chronic inflammation, oxidative stress, and
endothelial dysfunction are the key possible pathophysiological
pathways of COVID-19 that may cause multiple organ failures and
mortality.®

To comprehend how SARS-CoV-2 enters the human body is a
crucial challenge in thwarting its spread. Coronaviruses can enter
host cells by receptor-mediated plasma membrane fusion, receptor-
mediated endocytosis, or antibody-dependent viral entry. Both fusion
and endocytosis of viruses are dependent on the presence of specific
receptors on the host cell's surface.” The SARS-CoV-2 virus
predominantly infects the respiratory system; however, other organ
systems are also affected. Fever, dry cough, and dyspnea were
documented as lower respiratory tract infection indicators.®? SARS-
CoV-2 is an encapsulated, positive-sense, single-stranded RNA virus
of the betacoronavirus genus'® and angiotensin-converting enzyme 2
(ACE2) is the obligatory receptor of this virus, permitting it to
penetrate cells.1"14

Water-soluble ascorbic acid (vitamin C), a ubiquitous component
in many fruits and vegetables,'® possesses antioxidant, anti-
inflammatory, and immunomodulatory effects. It has been demon-
strated to have potential benefits in treating viral infections and
inflammation. By inhibiting the generation of proinflammatory
cytokines, it modulates nuclear transcription factor-k B, neutralizes
reactive oxygen species, and aids in immunomodulation as a cofactor
of different metabolic processes in the immune system.?¢"2°
Oxidative stress is prominent with infection, particularly lung
infection or pressing situations. Vitamin C lowers inflammation and
enhances immunoregulatory function in pneumonia or severe disease
patients.22~25 Based on these biological functions, vitamin C may be
advantageous to patients with COVID-19, at least those with urgent
conditions.?® Vitamin C can be administered either orally or
intravenously. However, oral vitamin C's low absorption and plasma
concentration rate limit its utility.?” However, intravenous (IV)
delivery of vitamin C bypasses the constraints of intestinal
transporters to swiftly achieve therapeutic levels with 30-70 times
greater peak plasma concentrations in comparison with oral
vitamin C.28

Pro-inflammatory cytokines, or cytokine storms, are released
during COVID-19, similar to MERS and SARS-CoV-1.2? This cytokine

storm can result in systemic pulmonary inflammation and numerous
organ defeats.® Infections and sepsis can be alleviated by taking
vitamin C supplements. Patients with COVID-19 may benefit from
large doses of vitamin C supplementation to reduce inflammation, as
severe COVID-19 can cause ARDS and sepsis. Systemic inflammation
and severe respiratory infections have been found in vitamin C-
deficient persons during COVID-19.3132 The efficacy of an elevated
dose of vitamin C in individuals with SARS-CoV-2 has been studied in
various contexts and clinical findings. The effects of high dose
intravenous vitamin C (HDIVC) with a placebo in a randomized
controlled trial pilot study to see if HDIVC infusion was effective
against severe COVID-19 and found that HDIVC failed to reduce
mortality in the hospital or improve the number of days without
invasive mechanical breathing after 28 days of use.>® A meta-analysis
showed that vitamin C shortens the duration of automatic breathing
in pneumonia patients by almost 8%.3*

It was reported that COVID-19-related pneumonia sufferers
might be effectively treated with HDIVC. The therapeutic effects of
HDIVC on COVID-19 patients' mortality, severity, and duration of
hospital stay are yet not fully established because previous research
has produced comparable but conflicting results. This meta-analysis
aims to present current research findings on the possible involvement
of high-dose vitamin C in COVID-19 patients' mortality, severity, and

length of hospitalization.

2 | METHODS

2.1 | Study search scheme

The following key terms were explored in the PubMed, Google
Scholar, ScienceDirect, SAGE, and Cochrane databases to find
articles published between January 1, 2020, and May 30, 2022.
Key phrases include: “SARS-CoV-2,” “COVID-19 and Vitamin C,”
“COVID-19,” “Ascorbic acid,” “Vitamin C and COVID-19 mortality,”
“Vitamin C and COVID-19 severity,” “High dose of vitamin C in
patients with COVID-19,” “Vitamin C and length of COVID-19-
associated hospital stay,” “Effect of vitamin C on COVID-19 patients,”
and so forth. We looked over the included articles' reference lists to

see if there were any missing articles.

2.2 | Specifications for inclusion or exclusion
For studies to be considered for inclusion, the following requirements
must be met: (1) Research articles published in English peer-reviewed
journals; (2) only studies with proven COVID-19 infection; (3)
retrospective and randomized controlled trial studies; (4) study used
human subjects; (5) investigations with adequate data to compute the
odds ratio (OR) or mean difference (MD) and 95% confidence
interval (Cl).

The following were exclusion criteria: (1) Research performed in

other languages than English; (2) expert opinion, columns, conference
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presentations, assessments, and correspondence; (3) nonessential
information for extracting data; (4) investigations carried out on

animals; (5) publications that duplicate or are identical.

2.3 | Data extraction

According to the inclusion criteria, two researchers (K. K. B. and M. A,
B.) individually gathered data. They conducted their literature search,
evaluation, and data extraction on an Excel datasheet. Conflicts in the
research that developed during the procedure were resolved by other
investigators (M. A. A. and M. S. I.). The studies used Rayyan QCRI, an

internet platform for systematic reviews.®®

2.4 | Evaluation of the methodological quality

The “Newcastle-Ottawa Scale (NOS)” is a methodological quality
assessment tool used to evaluate research included in observational
cohort studies, as previously indicated.3¢ By talking things out, any

dissenting views among the researchers were settled.

2.5 | Heterogeneity, publishing bias, and statistical
calculation

The data was analyzed using Microsoft Excel and Review Manager
5.3 (The Cochrane Collaboration). We calculated high-dose vitamin C
in COVID-19 patients' mortality and severity as the OR and used
MD to assess the duration of hospitalization. The heterogeneity of
the forest plot was measured using Cochran's x? Q-test and the I?
statistic. An I > 50% indicated statistically substantial heterogeneity
in the population. High heterogeneity was defined as an I? score of
75% or above. The random-effects model was employed throughout
the study. Egger's regression test and Begg-Mazumdar's rank
correlation were employed to examine publishing biases in the
funnel plot. A p value of less than 0.05 was used as the threshold for

statistical significance to rule out publication bias.

3 | RESULTS

3.1 | Literature selection and quality evaluation

Although 2840 papers from five databases (PubMed, Google Scholar,
ScienceDirect, SAGE, and Cochrane databases) were found during
the initial query, 1630 were eliminated because of duplicate entries.
After reading the title and abstract, 1013 articles had to be removed,
and 182 articles had to be eliminated for various reasons. Finally, 15
full-text studies involving 2125 COVID-19 patients were included in
this meta-analysis, which strictly met inclusion criteria (Figure 1). The
studies were from seven different countries around the globe; among

37-45

them, nine studies were retrospective, and the rest were

Open Access

randomized controlled trial studies.®3#¢~>° Twelve studies retained
data from severe COVID-19 patients, while only two studies
integrated the data of nonsevere cases (Table 1). Only one study
does not mention the severity of the included COVID-19 patients.
The mean age of the vitamin C, COVID-19 group ranges from 35.68
to 70.50 years, and the age of control groups ranges from 36 to
71.20+ 13.00 years. The male percentage ranges from 31.20% to
79% and 35% to 75.90% for vitamin C and control COVID-19
patients, respectively. The baseline characteristics of all included
studies are portrayed in Table 1, and Figure 1 depicts the process of
conducting the literature review, screening, and determining the
eligibility of study articles.

3.2 | Patient treatment and outcomes

Thirteen studies show that patients are administered vitamin C via IV,
while two studies are administered orally. Studies included in this
meta-analysis had various vitamin C dosages and distinct durations.
Patients also received additional therapy with vitamin C. A summary
of all included studies' patient treatment and outcomes is provided in
Table 2.

3.3 | Vitamin C intake and risk of mortality in
patients with COVID-19

Among the 13 studies, the percentages of vitamin C and control
COVID-19 patients were 35.44% and 64.56%, respectively, and
showed insignificant heterogeneity compared with vitamin C
exposure and mortality risk (1> = 0%, p=0.70). Moreover, it is
discernible from Table 3 and Figure 2 that the mortality rate is 0.54
times lower with patients administered vitamin C than the patients
without vitamin C, and the result is statistically significant (vitamin C
group vs. control group 35.44% vs. 64.56%, OR=0.54, 95%
Cl=0.42-0.69, p < 0.00001).

3.4 | Vitamin C intake and risk of severity in
patients with COVID-19

Seven studies compared the severity rate of vitamin C administered
to patients with COVID-19 and a control group without vitamin C.
These studies included 411 vitamin C COVID-19 patients and 464
patients without vitamin C. The pooled analysis indicated no
substantial heterogeneity when comparing these groups (/% = 26%,
p =0.23). Furthermore, from the forest plot, it is evident that there is
a significant relationship between the vitamin C administration and
the risk of severity in patients with COVID-19 because the vitamin C
administered group had 0.63 times less severity than the control
COVID-19 patients without vitamin C (vitamin C group and control
group 46.97% and 53.03%, OR =0.63, 95% Cl=0.43-0.94, p < 0.02)
(Table 3 and Figure 3).
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N=2840

Records identified through PubMed, Google Scholar,
ScienceDirect, SAGE, and Cochrane databases

l

Identification N=1210

Records after duplicate removed

Record excluded

4

N=1013

Screening

N=197

Title and abstract screened

Eligibility eligibility

V=43

Full-text articles assessed for

Full-text article excluded
N=28

4

e  Reviews and commentaries (N=7)
o Insufficientrelevant data (N=18)
e Not meetmg mclusion cntena (N=3)

synthesis
N=15

Studies included in quantitative

synthesis
N=15

Included

Studies included in quantitative

FIGURE 1 Study selection process according to PRISMA guideline

3.5 | Vitamin C intake and length of hospital stay in
patients with COVID-19

Ten studies incorporating 632 vitamin C administered COVID-19
patients and 1118 COVID-19 patients without vitamin C. The forest
plot demonstrated significant heterogeneity in terms of length of
hospital stay between the vitamin C group and the control group
(I? = 89%, p < 0.00001). Besides, from the forest plot, it is found that
there is no significant association between length of hospital stay
among vitamin C groups and control groups (vitamin C group vs.
control group 36.11% vs. 63.89%, MD =0.19, 95% Cl=-1.57 to
1.96, p=0.83). Table 3 and Figure 4 provide information about the
forest plot of vitamin C patients and control groups for the length of

hospital stay.

3.6 | Publication bias

This  meta-analysis explored the publication bias using
Begg-Mazumdar's and Egger's analysis. Both analyses found no

significant publication bias (Table 3 and Figure 5).

4 | DISCUSSION

The COVID-19 pandemic resulting from SARS-CoV-2 infection is
already looming large over the globe. The rapid spreading of this
infection worldwide has blamed the death of millions of people.
However, a significant factor affecting the spreading of COVID-19
and health systems' capability to retain it is vaccination rates, which
will directly and critically impact both.> But vaccine skepticism is a
crucial roadblock to implementing the COVID-19 vaccinations.”? In
individuals with COVID-19, respiratory failure owing to acute
respiratory distress syndrome (ARDS) is the leading cause of death.
COVID-19 progresses to ARDS because of a cytokine storm and
oxidative stress; both play a critical role.’>** This meta-analysis
evaluated the possible involvement of high-dose vitamin C in
COVID-19 patients' mortality, severity, and length of hospitalization.

This contagious disease has already been treated with a variety
of repurposed medicines.>® Studies have shown that high doses of
vitamin C can help individuals with inflammatory disorders, including
ARDS and sepsis, improve their lung function.>®>” There is a limited
function for vitamin C in mild to moderate COVID-19 individuals who
are unlikely to encounter a cytokine storm or severe inflammation.>®
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TABLE 3 Meta-analysis of the association of high dose vitamin C administration and mortality, severity, and length of hospitalization of

COVID-19 patients.

Test of association

Test of heterogeneity

Publication bias (p value)

Studied parameters OR 95% CI p value Model p value 12 (%) Egger's test Begg-Mazumdar's test
Mortality 0.54 0.42-0.69 <0.00001 Fixed 0.70 0 0.755 0.583
Severity 0.63 0.43-0.94 0.02 Fixed 0.23 26 0.287 0.293
Hospital staying duration (days) MD 95% ClI p value Model p value I?(%) Egger'stest Begg-Mazumdar's test
019 -157t0196 0.83 Random  <0.00001 89 0.535 0.788
Note: Bold values indicate statistically significant (p < 0.05).
Abbreviations: 95% Cl, 95% confidence interval; OR, odds ratio.
Vitamin C group  Control group Odds Ratio 0Odds Ratio
Slud! or Sugloup Events Total Events Total Weg‘ ht M.H, Fixed, 95% CI M-H, Fixed, 95% CI
Al Sulaiman et al 2021 50 149 275 558 436% 052(0.36,076] -
Belgmohammad| etal 2021 0 30 4 30 25% 0.10[0.00,1.88) ——— —
Darban etal 2021 2 10 2 10 09%  1.00(0.11,895]
Gao etal 2021 1 46 5 30 34%  011[001,1.00]
Gavrielatou et al 2022 2 10 43 103 398%  0.28(0.06,1.36 -
Hess etal 2022 10 25 37 75 63% 069(0.27,172 —_—
Krishnan et al 2020 40 79 52 73 151%  0.41[0.21,081] —
Kurnari et al 2020 7 75 11 75 57%  060(0.22,164] —_—
Lietal 2021 7 8 19 24 07% 1.84(0.18,18.66] —
Siahkali et al 2021 3 30 3 30 15%  1.00[0.18,540] —_—
Suna et al 2021 17 153 24 170 115%  0.76(0.39,1.48] —
Thoma et al 2021 1 48 0 50 03% 319(0.13,8023
Zhang et al 2021 8 27 11 23 47%  047[014,152] ——
Total (95% CI) 690 1257 100.0%  0.54 [0.42,0.69] *
Total events 146 492
Heterogeneity. Chi*= 8.04, df= 12 (P = 0.70); 1= 0% : i | .
0.01 01 10 100
Testfor overall effect Z= 4.93 (P < 0.00001) Favours [experimental] Favours [control]
FIGURE 2 Vitamin C exposure and risk of mortality in patients with COVID-19
Vitamin C group  Control group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Gaoetal 2021 1 46 ] 30 9.3% 0.11[0.01,1.00]
Hess et al 2022 13 25 55 75 208% 0.39(0.15,1.01] ——]
Kumari etal 2020 12 75 15 75 198% 0.76(0.33,1.76) e
Siahkali et al 2021 5 30 4 30 53% 1.30(0.31,5.40) S——
Suna etal 2021 " 153 12 170 166% 1.02(0.44, 2.38) —_—t
Zhang et al 2021 10 27 1" 29 105% 096 [033, 2.84] S——
Zhaoetal 2021 4 55 12 55 175% 0.28(0.08, 0.94) —_—
Total (95% CI) 41 464 100.0% 0.63 [0.43, 0.94) ‘
Total events 56 14
Heterogeneity: Chi*= 8.08, df= 6 (P = 0.23), F= 26% ’U 0 0?1 130 1005
Testfor overall effect: Z= 2.28 (P = 0.02) Favours [experimental] Favours [control]
FIGURE 3 Vitamin C exposure and risk of severity in patients with COVID-19
Vitamin C group Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Al Sulaiman et al 2021 1867 11.23 148 155 966 558 124% 317[1.20,5.14) I
Hakamifard et al 2021 795 318 38 803 283 34 134% -0081.47,131) 1
Hess etal 2022 267 15 25 187 1198 75 49% 800[153,1447) -
Krishnan etal 2020 767 6.05 79 12 68 73 122% -4.336.38,-2.28) =
Kumari et al 2020 8.1 18 75 107 22 75 144% -260[3.24,-1.96) .
Lietal 2021 18 13 8 16 14 24 23% 200[-8.61,1261) .
Siahkali etal 2021 917 389 30 75 623 30 111% 1.67 [10.96, 4 30) r
Suna et al 2021 813 424 153 711 496 170 140% 1.02[0.02,2.02) P
Thoma et al 2021 2 42 48 3 6 50 122% -1.00[-3.04,1.09) "
Zhang etal 2021 35 17 27 328 17 29 31% 220(6.71,11.11) ap—
Total (95% CI) 632 1118 100.0% 0.19 [-1.57, 1.96)
Heterogeneity. Tau®= 5.55, Chi*= 80.33, df= 9 (P < 0.00001), F= 89% 3 00 _5'0 ) 5v0 '00-

Testfor overall effect Z=0.22 (P = 0.83)

Favours [experimental] Favours [control]

FIGURE 4 Vitamin C exposure and length of hospital stay in patients with COVID-19
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FIGURE 5 Funnel plots indicating the publication bias for detecting the association of high dose vitamin C administration and mortality,

severity, and length of hospitalization of COVID 19 patients.

Vitamin C has been shown in several investigations to successfully
inhibit various viruses, including influenza A, rhinovirus, avian
influenza A virus HIN1, and poliovirus type 1.°°7¢! Studies have
demonstrated that IV vitamin C therapy in the ICU might improve
health satisfaction.®>¢3 COVID-19 patients who received vitamin C
had a significantly lower death rate compared to those who did not
receive vitamin C, according to this systematic review and meta-
analysis (OR =0.54, 95% Cl=0.42-0.69, p < 0.00001). This result is
not congruent with other meta-analyses.*®¢+¢>

Our meta-analysis found a significant correlation between
COVID-19 severity and vitamin C supplementation (OR =0.63, 95%
Cl=0.43-0.94, p<0.02). According to our findings, it is also
inconsistent with the other meta-analysis in terms of COVID-19's
severity and vitamin C intake.®* Besides, this meta-analysis demon-
strated that the MD in-hospital stay of vitamin C groups is
insignificantly higher than control groups (MD =0.19, 95% Cl = -1.57
to 1.96, p = 0.83). One study concluded that the vitamin C group had
to pass more time in the ICU than the control group. There was no
difference in the length of mechanical ventilation between the
vitamin C group and the control group.*® This conclusion is also in

line with other meta-analyses.®>%¢ To overcome more advanced
infectious diseases in the future and extend healthy life expectancy, it
is recommended to maintain personal hygiene.®’

However, besides the currently available data, detailed prospects
and an indication of the effectiveness of vitamin C (IV) for COVID-19
treatment are still lacking. Therefore, it is required to collect all studies
performed worldwide and carefully synchronize them to establish
standard treatment options using vitamin C.%® Moreover, to develop
strong immunity against coronavirus infection, it is recommended that
patients should administer vitamin C on a regular basis. A study by
Uddin et al.3? recently suggested that the requirement of vitamin C is
enhanced in infected individuals and daily intake of vitamin C (1-2g/
day) is recommended in such conditions. It is also needed to be
mentioned that 200 mg/day dose of vitamin C is a prerequisite to
maintaining saturated blood levels in healthy subjects.3?

This research has several limitations. In the first place, the total
number of studies included in this meta-analysis is relatively small (15
studies). Second, the investigations involved just a small nhumber of
COVID-19 patients with or without vitamin C. Third, there is a great
deal of variation in the populations, doses, and administration routes,
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making the results difficult to interpret. Aside from these constraints,
the quality of the literature employed in this research is quite high,
the analysis is robust, and the findings generated from the study are

highly credible and dependable.

5 | CONCLUSION

Our meta-analysis concludes that vitamin C usage significantly
decreased the mortality rates and severity of COVID-19 patients.
During the COVID-19 pandemic, patients experienced a substantial
advantage from taking supplementary vitamin C. The findings of this
study need to be substantiated by large-scale studies in the future to

ensure its validity.
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