S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102324

Contents lists available at ScienceDirect

Diabetes & Metabolic Syndrome: Clinical Research & Reviews

journal homepage: www.elsevier.com/locate/dsx S—

Review

Vitamin C and COVID-19 treatment: A systematic review and meta- N

analysis of randomized controlled trials

Check for
updates

Dimple Rawat ¢, Avishek Roy ™", Souvik Maitra °, Arti Gulati ¢, Puneet Khanna °,
Dalim Kumar Baidya ”

2 Clinical Epidemiology Unit, All India Institute of Medical Sciences, New Delhi, India
b Department of Anaesthesiology, Pain Medicine and Critical Care, All India Institute of Medical Sciences, New Delhi, India

ARTICLE INFO ABSTRACT

Article history:

Received 17 October 2021
Received in revised form
23 October 2021
Accepted 25 October 2021

Background and aims: Vitamin C has been used as an anti-oxidant in various diseases including viral
illnesses like coronavirus disease (COVID-19).

Methods: Meta-analysis of randomized controlled trials (RCT) investigating the role of vitamin C sup-
plementation in COVID-19 was carried out.

Results: Total 6 RCTs including n = 572 patients were included. Vitamin C treatment didn't reduce
mortality (RR 0.73, 95% CI 0.42 to 1.27; I = 0%; P = 0.27), ICU length of stay [SMD 0.29, 95% CI -0.05 to
0.63; I2 = 0%; P = 0.09), hospital length of stay (SMD -0.23, 95% CI -1.04 to 0.58; I = 92%; P = 0.57) and
need for invasive mechanical ventilation (Risk Ratio 0.93, 95% CI 0.61 to 1.44; 2= 0%; P = 0.76). Further
sub-group analysis based on severity of illness (severe vs. non-severe), route of administration (IV vs.
oral) and dose (high vs. low) failed to show any observable benefits.
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COVID 19 Conclusion: No significant benefit noted with vitamin C administration in COVID-19. Well-designed RCTs
COVID penumonia with standardized control group needed on this aspect.
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1. Introduction

The coronavirus (COVID-19) pandemic has wreaked havoc
across the globe causing 226,844,344 cases till 14th September
2021 and nearly 4.7 crore deaths [1]. This virus leads to increase in
pro-inflammatory cytokines and acute serum biomarkers (CRP,
ferritin, D-dimer etc) [2]. The initial viral cytopathic effects, fol-
lowed later on by ‘cytokine storm’ may bring about major health
related adverse effects like acute respiratory distress syndrome
(ARDS) [3,4]. Different anti-inflammatory interventions e.g. ste-
roids, vitamins, micronutrients and immunomodulating agents
have been tried till date. Vitamin C, also known as ascorbic acid, is
well known for its anti-inflammatory and free radical scavenging
properties [5,6]. It may also augment vasopressor and cortisol
synthesis, influence leucocyte functioning via neutrophil extracel-
lular traps (NET), thereby strengthening the armamentarium
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against various pathogens including viruses [6—8]. Previously
vitamin C has been shown to reduce mortality, vasopressor usage
and organ failure in sepsis patients [9,10], however, larger ran-
domized trials failed to show any major health benefits [11,12].
Considerable controversy still exists regarding vitamin C supple-
mentation among various systematic review and meta-analyses,
owing to the diversified methodology of included studies. Though
anecdotal reports suggested beneficial role of vitamin C in COVID
[13], subsequent larger trials reported variable outcomes [14—19].
Therefore, we endeavoured to evaluate the clinical efficacy of
vitamin C administration in COVID infected patients.

2. Aims and objectives
The aim of this study was to find out the impact of Vitamin-C
administration on major clinical outcomes (mortality, ICU admis-

sion, hospital stay, mechanical ventilation) in patients diagnosed
with COVID-19.

3. Methodology

Preferred reporting items for systematic review and meta-
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analysis (PRISMA-2020) statement for conducting meta-analysis
was followed [20]. This trial was prospectively registered in Pros-
pero (CRD42021278213) [21].

3.1. Search strategy

A comprehensive literature search was carried out using the
pre-defined search strategy ("ascorbic acid” OR "vitamin C" OR
"Sodium Ascorbate” OR "L-ascorbic”) AND ("coronavirus" OR
"COVID 19" OR "COVID-19" OR "Corona” OR "COVID" OR "SARS-
CoV2") published on PubMed, Embase, Scopus, Clinical Trial reg-
istry bodies [e.g. Clinical Trial Registry of India (CTRI)] and Google
Scholar since inception till 18th September 2021 along with manual
search to retrieve other articles. All the citing references were
further checked and the first/corresponding author of registered
trials were approached via emails. Those who replied with full
published data were included. PRISMA 2021 statement was used
for conducting meta-analysis.

3.2. Inclusion criteria

We wanted to evaluate the true role of vitamin C across all
categories of adult COVID patients (irrespective of disease severity),
hence, included RCTs which included vitamin C in the intervention
arm. The control arm comprised of either standard treatment
(without vitamin C) and/or placebo. We included articles which
reported any of the following outcomes either as primary or sec-
ondary outcomes-mortality, duration of hospital/ICU stay, inci-
dence of mechanical ventilation. Data for mortality were taken
until the longest follow up period mentioned in individual studies.

3.3. Exclusion criteria
Articles were excluded if they had one of the following-

e Included pediatric (<18 years) patients.

e Articles published in language other than English.

e Study protocols/trials without results.

e Observational/retrospective studies.

e Pre-print data (not peer reviewed).

e Articles that didn't mention any of the above clinical outcomes.

3.4. Study selection

The articles were screened for title and abstract initially using
the pre-defined search strategy by DR and AR. Duplicates or any
other irrelevant articles not meeting the inclusion criteria were
removed, followed by full text screening for the final inclusion in
the present review. Any disagreement regarding the article was
sought by SM.

3.5. Data extraction

Relevant data including study design, setting, duration, disease
severity, mode of administration, dose of the intervention, duration
of the intervention, ICU length of stay, duration of hospital stay,
mortality and IMV incidence were extracted by DR and AR for each
article included in the review. To resolve the conflict, SM was
approached to reach a consensus. For converting data described in
median (range) or median (Interquartile range) to mean (SD),
appropriate validated methods by Luo and Shi et al. [median(IQR)]
and Hozo et al. [mean(SD)] were used [22—24]. Data were tabulated
using excel (2019) spreadsheet.
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3.6. Quality assessment

Methodological quality was as per Cochrane Systematic Review
Guidelines and GRADE-PRO approach was used for rating the
quality of a body of evidence. The individual studies were evaluated
separately by AR and DR and in case of dilemma regarding quality
assessment, issues were resolved after discussion with SM.

3.7. Statistical analysis

Effect measure for variables described in rates/proportion
(mortality, incidence of mechanical ventilation) was done by Risk
Ratio (RR) and for continuous variables Standard Mean Difference
(SMD) was used. I? was used to test the heterogeneity among the
included studies. P-value less than 0.05 was considered to be sta-
tistically significant. Methodological quality was assessed using
Review Manager software, version 5.4.

4. Results
4.1. Study characteristics

The initial search identified a total of 273 articles via database
searching and 74 via manual searching. Authors of 7 trials were
approached out of whom one replied with full published data [17].
After screening the title and abstract of all the retrieved articles
followed by full text assessment, a total of 6 articles were included
in the final review (Fig. 1; Tables 1-3).

4.2. Description of the included studies

All included studies in the present review had randomization
involving 572 subjects, ranging from 20 to 214 subjects [14—19].
Among the six included studies, three were from Iran [17—19], one
from China [14], one from Pakistan(15) and one from United states
[16]. Four studies were conducted on patients with disease severity
as severe [14,15,17,19] and two as non-severe [16,18]. Route of
administration was intravenous in fours studies [14,15,17,19] and
oral in two studies [16,18]. Doses of vitamin C ranged from 50 mg/
kg/day [15] to 24g/day [14]. In one study [16] patients were ran-
domized in a 1:1:1:1 allocation ratio (zinc gluconate: ascorbic acid:
both: standard). In this review, these 4 groups were sub divided
into two groups for the purpose of analysis i.e., group 1: standard
care vs ascorbic only and; group 2: zinc and ascorbic vs zinc.

4.3. Methodological quality of study

4.3.1) Risk of bias graph, review authors judgements about each
risk of bias item are presented as percentages and risk of bias
summary based on Cochrane Systematic Review Guidelines for
each included study (green for low risk of bias, yellow for unclear
risk of bias and red for high risk of bias) for randomised control
trials is presented in Fig. 3a-3b.

Random sequence generation: Among all, Hakamifard A et al.,
2021 [18] was rated as high risk due to absence of true randomi-
zation, Darban M et al., 2021 [17] as unclear risk of bias because the
method of randomization was not stated and rest four [ 14—16,19] at
low risk of bias as Zhang ] et al., 2021(14) used independent random
numeric table generated by Microsoft Excel 2019 by the primary
investigator alone and randomizer software was used by Kumari P
et al,, 2020 [15], whereas, Siahkali S et al., 2021(19) used block
randomization and REDCap randomization software was used by
Thomas S et al.,, 2021(16).

Allocation concealment: One study Zhang ] et al., 2021 [14] was
rated at low risk of bias, because the allocation was concealed
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Identification of studies via databases and registers
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Identification of studies via other methods
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Fig. 1. PRISMA 2020 flow diagram.

adequately, the generated random list was stored by the principal
investigator who was not involved in the treatment of patients and
was hidden to the other investigators. Rest five were judged at
unclear risk of bias [ 15—19] because either the method of allocation
concealment was not mentioned [16—18] or it was unclear that
who stored the generated random list [15,19].

Blinding of participants and personnel: Zhang ] et al., 2021(14)
was rated at low risk of bias because both the participants and trial
personnel were blinded, the subjects were enrolled in the corre-
sponding group according to the chronological order of ICU
recruitment; also the grouping and intervention were unknown to
the participants and investigator. Hakamifard A et al., 2021(18) did
not mention about the blinding of participants and personnel,
hence, was judged at unclear risk of bias. Rest four [15—17,19] were
open label trials, hence, were judged at high risk of bias.

Blinding of outcome assessment (Detection bias):: Zhang ]
et al., 2021 [14] was judged at low risk of bias as the grouping and
intervention were unknown to the participants and investigators
who were responsible for data collection and statistical analysis.
Remaining five studies [15—19] were judged as unclear risk for bias
as the blinding of outcome assessment were not mentioned.

Incomplete outcome data (Attrition bias): All included six
studies [14—19] reported data for all outcomes in results hence
were judged at low risk of bias.

Selective reporting (Reporting bias): All included six studies
[14—19] were judged at low risk of bias for selective reporting.

4.3.2GRADE pro: The overall rating for the quality of evidence
for the role of vitamin C supplementation in patients with COVID-
19 is shown in the GRADE summary of finding Table 4. GRADE
summary reported the certainty of evidence as very low for the
outcome duration of hospital stay and low for mortality, ICU
admission and moderate for NIV incidence which means that any
estimate of effect is very uncertain and we have little confidence in

the effect.
4.4. Efficacy outcomes (Fig. 2a-d)

4.4.1. Mortality

Mortality was reported in five studies [14—16,18,19], involving
552 subjects (276 intervention and 276 controls/placebo). In the
pooled analysis, no statistically significant difference was observed
as compared to controls/placebo (Risk Ratio 0.73, 95% CI 0.42 to
1.27; > = 0%; P = 0.27) (Fig. 2a).

4.4.2. ICU length of stay

Three studies reported outcome ICU length of stay [14,17,19]
involving 136 subjects (67 intervention and 69 controls/placebo).
Pooled analysis did not show any statistically significant difference
of the intervention for this outcome (SMD 0.29, 95% CI -0.05 to
0.63; I> = 0%; P = 0.09) (Fig. 2b).

4.4.3. Duration of hospital stay

Four studies reported duration of hospital stay [14,15,18,19]. No
statistically significant difference was observed in the pooled
analysis (SMD -0.23, 95% CI -1.04 to 0.58; I> = 92%; P = 0.57)
(Fig. 2¢).

4.4.4. Invasive mechanical ventilation (IMV) incidence

Three studies reported IMV incidence [14,15,19]. No statistically
significant difference of the intervention for this outcome (Risk
Ratio 0.93, 95% CI 0.61 to 1.44; I> = 0%; P = 0.76) was noted in the
pooled analysis (Fig. 2d).

4.4.5. Sub-group analysis
Sub-group analysis was performed for various outcomes
including mortality, ICU length of stay, duration of hospital stay and



Table 1
Study characteristics of all included studies (N = 6).
S.  Author and Year Study design Study Setting Duration Disease Sample Size Mean Age Gender Mode of Dose of Vitamin-C Intervention Total
No. severity (I/C) administration duration cumulative
dose of
Vitamin-C
1 Zhang] et al., 2021 [14] Multicenter, ICUs of 3 hospitals in ~ 14th Severe 56 (27/29) 66.7 +12.7 Males: 66.1% Central vein 24g/day 7 days 168g
randomized trial Hubei, China Taihe February 14, catheterization
Hospital 2020 to controlled by a
29th March pump (IV)
2020
2 Kumari P et al,, 2020  Prospective, open- A tertiary care hospital March to Severe 150(75/75) 1=52+11; Males = 56.9%; Intravenous 50 mg/kg/day Same as 24g (~)
[15] label RCT in Karachi, Pakistan July 2020 C=53+12 Females = 43.1% length of
stay
3 Siahkali S et al,, 2021  Open-label, non- Ziaeian Hospital, Apriland  Severe 60 (30/30) C=57.53+ 18.27; M =50%; F=50% Intravenous 6g/day 5 days 30g
[19] blinded, randomized Tehran, Iran May 2020 =61+ 1590
controlled trial
4  Hakamifard A et al., Randomized Amin hospital of March to Non-  72(38/34) [1=35.68;C=37.41 M = 63.9%; Oral 1g/day
2021 [18] controlled clinical Isfahan, Iran, affiliated April 2020 severe F=36.1%
trial to Isfahan
University of Medical
Sciences
5 Darban M et al., 2021  Pilot single-center = Kowsar Hospital, Severe 20(10/10) 59+ 19 M = 65%; F =35% Intravenous 8g/day 10 days
[17] randomized, Semnan, Iran
controlled, open-
label, parallel-group
trial
6 Thomas S etal, 2021  Multicenter, single  Outpatient care in sites April 27, Non- 214 (ASCvs. 1=47.15+ 14.65 = 64/106 female Oral 8000 mg of ascorbic 10 days
[16] health system in Ohio and Florida 2020, to severe ST 48/50; (45.6 + 15 and and 42/106 males; acid (to be divided
factorial randomized October 14, ASC + Zn vs. 48.7 + 14.3); C = 31/50 female over 2—3 times per
open-label trial 2020 Zn 58/58) C=42+ 146 and 19/50 males day with meals)

Abbreviation: ASC = Ascorbic acid; ST=Standard.
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Table 2
PICO of all included studies (N = 6).
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S. Author and Population/Patient (P)

Intervention (I) Comparator (C)

Outcome (O)

Standard Treatment

Placebo:

No. Year
1 Zhang]
etal,, 2021

[14]

Patients with COVID pneumonia, Within 48 h after admission to
having/at risk of multiple organs the ICU high-dose intravenous
injury, P/F ratio <300 mmHg and vitamin C (24g/day): 12 g of

Bacteriostatic water
for injection (same

Primary: Invasive mechanical

Oseltamivir and

ventilation-free days in 28 days azithromycin; LMWH;

admitted in the ICU, adults (age
>18 and < 80 years)

2 Kumari P
et al., 2020
[15]

3 Siahkali S
et al,, 2021
[19]

SARS-CoV-2 patients

>18 year patients with
confirmed (RTPCR based) or
suspected COVID-19 [based on
clinico-radiological pattern e.g.
fever, dyspnea, dry cough and/or
CT finding suggestive of COVID]
and Sp02<93% at admission or
>48h from the first COVID-19
treatment.

Adult patients with COVID based
on lab (RT-PCR) test and/or CT
scan.

4 Hakamifard
Aetal,
2021 [18]

5 Darban M  Adults with severe COVID-19

vitamin C (diluted in 50 ml) BD
for 7 days at a rate of 12 ml/
h + standard therapy

volume)+ Standard
therapy

50 mg/kg/day of IV Vitamin
C + standard therapy

Standard therapy

Vitamin C (1.5 g every 6 h, total
6 g daily)+standard therapy

Standard therapy
alone

Oral vitamin C 1 g daily and oral
vitamin E (400 IU

daily + standard treatment
regimen.

400 mg on the first
day followed by
200 mg every 12 h.

IV vitamin C (2 g, every 6 hourly), Standard therapy
oral melatonin (6 mg, 6 hourly), alone
and oral zinc sulphate (50 mg, 6

(IMVFD28). Secondary: (i)28-day Piperacillin/tazobactan;
mortality; (ii) organ failure [SOFA hydrocortisone (1 mg/kg/

Hydroxychloroquine

score]; (iii) inflammatory
markers (IL-6, TLC, absolute

neutrophil & lymphocyte counts,

procalcitonin and CRP
Treatment duration, hospital
stay, need for invasive
ventilation, mortality

Primary: reduction in mortality,

duration of hospital stay, and
need for ICU admission.
Secondary: Improvements in
vitals (e.g. Sp02), clinical
parameters

Primary: Clinical response of at
end of treatment in three ways:

cure (complete elimination of
clinical symptoms),
improvement (elimination of
some primary clinical
symptoms), and failure
(continued or exacerbated

primary symptoms). Secondary:

Duration of hospitalization,
mortality, and change of lab
variables.

Changes in P/F ratio and
inflammatory markers (LDH,
ESR, CRP, ferritin)

day); Lung protective
ventilation if IMV needed.

Antipyretics,
dexamethasone, and
prophylactic antibiotics
Oral lopinavir/ritonavir
(400/100 mg) BD and
single dose of oral
hydroxychloroquine
(400 mg) on the first day
of hospitalization.

Hydroxychloroquine or
standard regimen as per
national policy

Azithromycin (250 mg
daily); lopinavir/ritonavir
(100 mg/25 mg daily);

et al,, 2021
[17]
6 ThomasS  Adult patients COVID-19;
etal, 2021 multiple treatment factorial trial
[16]

hourly) for 10 days + standard
therapy
Three intervention groups:

3: both agents along with
standard care

Group 4: Standard

Group 1-zinc gluconate (50 mg), care alone
group 2-vitamin C (8 gm), Group

glucocorticoids; Oxygen
therapy.
Primary: Days needed to attain -
50% reduction in symptoms
based on questionnaire (Severity
of each following symptoms: I)
fever; II) cough; IIl) dyspnea; IV)
fatigue rated on a 4-point scale).
Secondary: Days needed to reach
a total symptom severity score of
0, cumulative severity score at
day 5, hospitalizations, mortality,
adjunctive therapies, and
adverse effects of the study
supplements.

Table 3

List of all trials authors of whom were contacted and their reply.

Trial/author(s)

Reply

IRCT20151228025732N52, Clinical trial registry of Iran
IRCT20200516047468N1; Clinical trial registry of Iran
ChiCTR2000032400; Clinical trial registry of China
NCT04363216; Clinical trials.gov.in
IRCT20200411047025N1; Clinical trial registry of Iran
IRCT20200324046850N5; Clinical trial registry of Iran
ChiCTR2000029768; Clinical trial registry of China

Received and study included*
Study not published yet

No reply

No reply

No reply

No reply

No reply

IMV incidence for vitamin C dose (High and low dose), mode of
intervention (oral and IV) and severity of disease (severe and non-
severe), but did not find any statistically significant difference for
any of the outcome and/or sub-groups. Due to clear cut lack of
definition of high dose of vitamin C, we used the cut off value of
>10 gm/day as high dose, based on two previous studies [10,25]

(Figs. 4—-7).

5. Discussion

The present meta-analysis showed that administration of
vitamin C did not have any effect on major health outcomes in
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a) Mortality
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Hakamifard A et al., 2021 0 38 0 34 Not estimable
Kumari P etal,, 2020 7 75 1" 75 381% 0.64 [0.26, 1.55) —
Siahkali S etal,, 2021 3 30 3 30 132% 1.00[0.22, 4.56] ——
Thomas S etal,, 2021 (a) 1 48 0 50 3.0% 312[013,74.82)
Thomas S etal,, 2021 (b) 2 58 0 58 3.3% 5.00(0.25,101.93)
Zhang J etal,, 2021 6 27 1" 29 424% 0.59[0.25,1.36] —
Total (95% ClI) 276 276 100.0% 0.73[0.42,1.27) -
Total events 19 25
?etﬂogenemll:l T?{u :gﬁl?;ﬁh';-zﬁgfrl df=4 (P=056), F=0% oo oh % 100
estfor overall effect. Z=1.11 (P = 0.27) Favours [Intervention] Favours [Control]
b) ICU length of stay
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
ZhangJ etal, 2021 229 1438 27 178 133 29 41.2% 0.36 [-0.17,0.89) B
Siahkali S etal., 2021 69 389 30 57 1.57 30 44.0% 0.40[-0.11,091] -
Darban M et al,, 2021 141 4.2 10 15 33 10 149% -0.23[-1.11,0.65)
Total (95% CI) 67 69 100.0% 0.29 [-0.05, 0.63) il
Heterogeneity: Tau®= 0.00; Chi*=1.57, df= 2 (P = 0.46), F=0% ,1 _045 5 035 1-
Test for overall effect Z= 1.67 (P = 0.09) Favours [Intervention] Favours [Control]
¢) Duration of hospital stay
Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hakamifard A et al., 2021 795 318 38 8.03 283 34 25.0% -0.03-0.49,0.44] . EE—
Kumari P et al.,, 2020 81 18 75 107 22 75 25.9% -1.29[-1.64,-0983] ——%—
Siahkali S etal.,, 2021 9.2 3389 30 757 6.23 30 246% 0.31 [-0.20,0.82) R e —
ZhangJ etal,, 2021 3% 17 27 328 17 29 245% 0.13 [-0.40, 0.65) e e —
Total (95% ClI) 170 168 100.0% -0.23 [-1.04, 0.58] ’*‘
Heterogeneity: Tau*= 0.63; Chi*= 38.08, df= 3 (P < 0.00001); F=92% =‘| _0%5 5 045 1=
Testfor overall effect: Z= 0.56 (P = 0.57) Favours [Intervention] Favours [Control]
d) Invasive mechanical ventilation incidence
Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Zhang J etal, 2021 1" 27 12 29 476% 0.98[0.53,1.85] ——
Siahkali S etal., 2021 5 30 4 30 128% 1.25[0.37,4.21)
Kumari P etal., 2020 12 75 15 75 396% 0.80[0.40,1.59] — T
Total (95% ClI) 132 134 100.0% 0.93 [0.61, 1.44)
Total events 28 N
Heterogeneity: Tau®= 0.00; Chi*= 0.44, df= 2 (P = 0.80); F= 0% o 02 05 H 1 : 10

Test for overall effect: Z= 0.30 (P = 0.76)

Favours [Intervention] Favours [Control]

Fig. 2. [2a-2d]: Forest plot for various outcomes.

COVID infected patients, in comparison to either placebo/standard
therapy. Sub-group analysis also revealed that irrespective of its
dosage, route of administration and disease severity, it didn't have
discernible benefit in such patients.

The SARS-CoV-2 may cause a pro-inflammatory state evidenced
by raised serum levels of Interleukin-1,6 (IL-1,6) and tumor necrosis
factor (TNF) etc., which may in turn lead to ‘cytokine storm’ and
ARDS  [2,26,27]. Various vitamins, anti-oxidants and

immunomodulators have been investigated to curtail the disease
progression. Vitamin C has been known to possess free radial ox-
ygen and nitrogen scavenging properties along with anti-
inflammatory effects [5]. Ascorbate augments synthesis of cate-
cholamines [cofactor of enzyme Dopa beta-hydroxylase, which
convert Dopa(Dihydroxy phenyl alanine) to Dopamine] and vaso-
pressin [cofactor of peptidylglycine alpha-amidating mono-oxy-
genase(PAM)] [8]. In experimental animal models, it reduced organ
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a) Risk of bias summary: review authors' judgements about each risk of bias item for each
included study (green for low risk of bias, blank for unclear risk of bias and red for high risk
of bias).

Blinding of outcome assessment {detection bias)

)
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b) Risk of bias graph: Review authors' judgements about each risk of bias item presented as
percentages across all included studies.

Random sequence generation (selection bias)
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Fig. 3. [3a-3b]: Quality Assessment

3a) Risk of bias summary: review authors’ judgements about each risk of bias item for each included study (green for low risk of bias, blank for unclear risk of bias and red for high
risk of bias).

3b) Risk of bias graph: Review authors' judgements about each risk of bias item presented as percentages across all included studies.

dysfunction secondary to abdominal sepsis and gram negative vitamin C halting disease progression in viral illnesses, highlighted

bacteraemia [28,29], highlighting its role in stabilising leucocyte &
NK cell function [7]. Meta-analysis of 9 trials which evaluated the
effect of vitamin C in acute respiratory infections (ARI) showed that
it reduced overall duration of symptoms and major complaints like
chest pain and chills [30]. Various other case reports of high dose

its anti-viral properties [31]. In a retrospective propensity matched
before after study carried out on (n = 94) patients with severe
septic shock with elevated serum procalcitonin (>2 ug/ml) levels,
combination therapy of 6 gm intravenous vitamin C (A), 200 mg
hydrocortisone (H) and 400 mg thiamine (T) per day (HAT therapy)
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Table 4
The overall rating for the quality of evidence profile for COVID-19 related health outcomes based on the grading of Recommendations Assessment, Development, and Evaluation (GRADE) working group methodology.
Certainty assessment N2 of patients Effect Certainty Importance
N2 of studies Study design Risk of bias Inconsistency Indirectness  Imprecision Other Intervention Control Relative (95% CI) Absolute (95% CI)
considerations

Mortality

5 randomised trials serious * not serious serious ° not serious none 19/276 (6.9%) 25/276 (9.1%) RR0.73 (0.42—1.27) 24 fewer per 1,000 OO CRITICAL
(from 53 fewer LOW
to 24 more)

ICU length of stay

3 randomised trials not serious not serious very serious ®  not serious none 67 69 - SMD 0.29 higher OO CRITICAL
(0.05 lower to LOW
0.63 higher)

Duration of hospital stay

4 randomised trials serious * very serious  serious ° very serious ¢ none 170 168 - SMD 0.23 lower OO0 CRITICAL
(1.04 lower to VERY LOW
0.58 higher)

Invasive mechanical ventilation incidence

3 randomised trials not serious not serious serious P not serious none 28/132(21.2%) 31/134(23.1%) RR0.93 (0.61—1.44) 16 fewer per O CRITICAL
1,000 (from 90 MODERATE

fewer to 102 more)

CI: Confidence interval; RR: Risk ratio; SMD: Standard mean difference.
Explanations.
2 True randomization not done (N = 1).
b There were differences in the follow up time points to measure the outcomes along with vitamin C dose, route and duration.
€12 =92%.
4 Confidence intervals are not narrow enough for us to be confident enough regarding the true effect of intervention.
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Intervention Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, R 95% CI M-H, R: 95% ClI
1.1.1 High Dose
Zhang J etal, 2021 6 27 1" 29 424% 0.59[0.25,1.36] —_
Subtotal (95% CI) 27 29 42.4% 0.59 [0.25, 1.36) e
Total events 6 1
Heterogeneity. Not applicable
Testfor overall effect Z=1.24 (P=0.22)
1.1.2 Low Dose
Hakamifard A et al,, 2021 0 38 0 34 Not estimable
Kumari P et al., 2020 7 75 11 75 381% 0.64 [0.26, 1.55) —
Siahkali S etal,, 2021 3 30 3 30 13.2% 1.00[0.22, 4.56) S
Thomas S etal,, 2021 (a) 1 48 1] 50 3.0% 312(0.13,74.82)
Thomas S etal, 2021 (b) 2 58 0 58 33% 5.00[0.25,101.93]
Subtotal (95% Cl) 249 247 57.6% 0.86 [0.42,1.78] B
Total events 13 14
Heterogeneity: Tau*= 0.00; Chi*= 2.47, df= 3 (P = 0.48), F= 0%
Test for overall effect: Z= 0.40 (P = 0.69)
Total (95% CI) 276 276 100.0% 0.73[0.42,1.27] i
Total events 19 25
Heterogeneity: Tau®= 0.00; Chi*= 2.96, df= 4 (P = 0.56); F= 0% 0:.01 051 150 1050
Testfor overall effect Z=1.11 (P = 0.27) Favours [Intervention] Favours [Control)
Test for subaroup differences: Chi*= 0.47, df=1 (P = 0.49), F= 0%
a) Vitamin —C dose

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95%ClI
1.2.3 Oral
Hakamifard A etal., 2021 0 38 0 34 Not estimable
Thomas S etal,, 2021 (a) 1 48 0 50 30% 312(0.13,74.82)
Thomas S etal., 2021 (b) 2 58 0 58 33% 5.00[0.25, 101.93]
Subtotal (95% Cl) 144 142 63%  4.00[0.45,3562] e —
Total events 3 0
Heterogeneity: Tau®= 0.00; Chi*= 0.04, df=1 (P = 0.83), F=0%
Test for overall eflect: Z=1.24 (P=0.21)
1.24\vV
Kumari P etal,, 2020 7 75 1 75 381% 0.64 [0.26, 1.55] T
Siahkali S etal., 2021 3 30 3 30 13.2% 1.00[0.22, 4.56) _—
Zhang Jetal, 2021 6 27 1 29 424% 0.59(0.25,1.36) —_—
Subtotal (95% ClI) 132 134 93.7% 0.65[0.37,1.15) -
Total events 16 25
Heterogeneity: Tau*= 0.00; Chi*= 0.37, df= 2 (P=0.83); F=0%
Testfor overall effect Z=1.47 (P=0.14)
Total (95% CI) 276 276 100.0% 0.73[0.42,1.27) -
Total events 19 25
Heterogeneity: Tau?= 0.00; Chi*= 2.96, df= 4 (P = 0.56); F= 0% 07.01 0?1 150 1030
Testfor overall effect Z=1.11 (P = 0.27) Favours [Intervention] Favours [Control]
Testfor subaroup differences: Chi*= 2.47, df=1 (P=0.12), F= 59.5%

b) Mode of Intervention

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, 95% CI M-H, 95% CI
1.3.1 Severe
ZhangJ etal., 2021 6 27 11 29 424% 0.59(0.25, 1.36) —-1-
Siahkali S etal., 2021 3 30 3 30 132% 1.00(0.22, 4.56] .
Kumari P etal.,, 2020 7 75 1 75 381% 0.64 [0.26, 1.55) — T
Subtotal (95% ClI) 132 134 93.7% 0.65[0.37,1.15) B
Total events 16
Heterogeneity: Tau?= 0.00; Chi*= 0.37, df= 2 (P = 0.83); F= 0%
Testfor overall effect Z=1.47 (P=0.14)
1.3.2 Non-Severe
Thomas S etal,, 2021 (b) 2 58 0 58 33% 5.00(0.25,101.93]
Thomas S etal,, 2021 (a) 1 48 0 50  30% 312(0.13,7482)
Hakamifard A et al., 2021 0 38 0 34 Not estimable
Subtotal (95% Cl) 144 142 6.3% 4.00 [0.45, 35.62) | e ———
Total events 3 0
Heterogeneity: Tau*= 0.00; Chi*= 0.04, df=1 (P=0.83); F=0%
Testfor overall effect Z=1.24 (P=0.21)
Total (95% CI) 276 276 100.0% 0.73[0.42,1.27] <
Total events 19 25
Heterogeneity: Tau®= 0.00; Chi*= 2.96, df= 4 (P = 0.56), F= 0% oo 01 10 100

Test for overall effect: Z=1.11 (P=0.27)
Test for subaroup differences: Chi*= 2.47, df=1(P=012), F=59.5%

c¢) Severity of disease

Favours [Intervention] Favours [Control]

Fig. 4. Sub-group analysis for various outcomes (mortality).
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Experimental Control

Std. Mean Difference
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Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 High

Zhang Jetal, 2021 229 148 27 178 133 29 41.2% 0.36 [-0.17,0.89] —1—
Subtotal (95% Cl) 27 29 41.2% 0.36 [-0.17, 0.89] —ali——
Heterogeneity: Not applicable

Test for overall effect: Z=1.33(P=0.18)

2.1.2 Low

Darban M etal., 2021 141 42 10 15 33 10 149% -0.23[1.11,0.65)

Siahkali S etal., 2021 69 389 30 57 1.57 30 44.0% 0.40[-0.11,0.91] T—&—
Subtotal (95% Cl) 40 40 58.8% 0.19 [-0.39, 0.77] ——aa—
Heterogeneity: Tau®*= 0.06; Chi*=1.46, df=1 (P = 0.23), F= 32%

Test for overall effect. Z= 0.65 (P =0.52)

Total (95% Cl) 67 69 100.0% 0.29 [-0.05, 0.63] i
Heterogeneity: Tau?= 0.00; Chi*=1.57, df= 2 (P = 0.46); F= 0% 51 _01.5 5 0?5 1‘

Test for overall effect: Z=1.67 (P = 0.09)
Test for subaroup differences: Chi*= 017, df=1 (P = 0.68), F=0%

Favours [Intervention] Favours [Control]

Fig. 5. Sub-group analysis for various outcomes (ICU length of stay).

Intervention Control

Study or Subgroup Events Total Events Total

Risk Ratio
Weight M-H, Random, 95% CI

Risk Ratio
M-H, Random, 95% CI

4.1.1 High

Zhang Jetal., 2021 11 27 12 29 476%
Subtotal (95% CI) 27 29 47.6%
Total events 11 12

Heterogeneity: Not applicable

Test for overall effect: Z= 0.05 (P = 0.96)

4.1.2 Low

Kumari P etal., 2020 12 75 15 75 396%
Siahkali S etal., 2021 5 30 4 30 128%
Subtotal (95% CI) 105 105 52.4%
Total events 17 19

Heterogeneity: Tau*= 0.00; Chi*=0.39, df=1 (P=0.53), F= 0%
Test for overall effect. Z=0.37 (P=0.71)

Total (95% CI)
Total events 28 N

Heterogeneity: Tau*= 0.00; Chi*=0.44, df= 2 (P =0.80); F= 0%
Test for overall effect: Z=0.30 (P =0.76)

Test for subgroup differences: Chi*=0.05, df=1 (P=0.82), F=0%

132 134 100.0%

0.98 [0.53,1.85)
0.98 [0.53, 1.85]

0.80[0.40, 1.59) ——
1.25[0.37, 4.21) —_—t—
0.89 [0.49, 1.62] <l
0.93 [0.61, 1.44) <>

0.01

10
Favours [Control]

0.1
Favours [Intervention)

100

Fig. 6. Sub-group analysis for various outcomes (incidence of IMV).

for 4 days reduced mortality by almost 5 times (8.5% with HAT
therapy vs. 40.4% controls), as well as reduced vasopressor support,
incidence of acute kidney injury (AKI) and serum procalcitonin
levels [9]. In another phase I trial carried out on 24 patients, high
dose (200 mg/kg/day) of IV vitamin C therapy showed promising
results by reducing organ dysfunction (SOFA score) as compared to
low dose(50 mg/kg/day) [10]. This study also highlighted possible
role of vitamin C in attenuating sepsis induced endotheliopathy,
evidenced by reduced thrombomodulin levels [10]. Another trial
demonstrated reduction of dose and duration of vasopressor with
100 mg/kg/day of vitamin C therapy [32]. In burn patients (n = 31)
with >30% body surface involvement, vitamin C therapy reduced
volume of resuscitation fluid, wound edema and respiratory
dysfunction [33].

Despite its promising role in preventing organ failure in sepsis,
large trials failed to demonstrate improvement in major health
related outcomes. In VITAMINS trial involving 211 septic shock
patients, HAT therapy didn't reduce mortality or vasopressor free
days as compared to hydrocortisone alone [11]. In a follow up phase
II CITRIS-ALI trial on n = 167 patients, vitamin C didn't reduce organ
failure score and inflammatory markers, despite reduction in 28

10

day mortality [12]. In a meta-analysis of heterogenous group of
studies including those carried out in ICUs (n = 16) and cardiac
surgery patients (n = 28), vitamin C reduced ICU & hospital stay
along with incidence of post-operative atrial fibrillation, without
having any effect on mortality [34]. Although findings of our meta-
analysis matches with that of Putzu et al. [33], we included only
RCTs in COVID infected patients. In another meta-analysis that
included majorly cardiac surgery patients (13 out of 18 included
studies), vitamin C reduced length of hospital stay and mechanical
ventilation without any mortality benefit [35]. In a meta-analysis
evaluating the effect of IV vitamin C that included 12 RCT and
quasi RCTs, no mortality benefit was noted at doses >10 gm/day and
<3 gm/day, though, reduction of vasopressor support and me-
chanical ventilation was seen. Interestingly, they showed a medium
dose (3—10 gm/day) had mortality benefit, although no biologically
plausible explanation was provided [30]. In comparison to our
study, their population were functionally heterogenous including
patients receiving vitamin C for prevention of contrast induced
nephropathy, which could have contributed to this finding. A meta-
analysis evaluating isolated effect of vitamin C on clinical outcomes
showed reduced vasopressor dose and mechanical ventilation with
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Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.1.1 High dose
Zhang J etal,, 2021 3% 17 27 328 17 29 245% 0.13 [-0.40, 0.65]
Subtotal (95% CI) 27 29 245% 0.13 [-0.40, 0.65]
Heterogeneity: Not applicable
Test for overall effect: Z=0.48 (P = 0.63)
3.1.2 Low Dose
Hakamifard A etal., 2021 795 318 38 803 283 34 250% -0.03[-0.49, 0.44] ——
Kumari P et al,, 2020 81 18 75 107 22 75 259% -1.29[-1.64,-0.93] -
Siahkali S et al., 2021 92 389 30 757 623 30 246% 0.31 [-0.20,0.82) T
Subtotal (95% CI) 143 139 75.5% -0.35[-1.37,0.67]  —n
Heterogeneity: Tau*= 0.76; Chi*= 32.66, df= 2 (P < 0.00001); F= 94%
Test for overall effect: Z= 0.67 (P = 0.51)
Total (95% Cl) 170 168 100.0% -0.23 [-1.04, 0.58] *

Heterogeneity: Tau®= 0.63; Chi*= 38.08, df= 3 (P < 0.00001), F=92%
Test for overall effect: Z= 0.56 (P = 0.57)
Test for subaroup differences: Chi*= 0.66, df=1 (P=0.42). F= 0%

a) Vitamin-C dose

2 - 0 1 2
Favours [Intervention] Favours [Control]

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.2.1 Oral
Hakamifard A et al., 2021 795 318 38 803 283 34 25.0% -0.03 [-0.49, 0.44]
Subtotal (95% ClI) 38 34 25.0% -0.03 [-0.49, 0.44]
Heterogeneity: Not applicable
Test for overall effect: Z=0.11 (P = 0.91)
322V
Kumari P et al,, 2020 81 18 75 107 22 75 259% -1.29[-1.64,-0.93] —
Siahkali S etal., 2021 9.2 389 30 757 6.23 30 246% 0.31[-0.20,0.82) -
ZhangJ etal,, 2021 3/ 17 27 328 17 29 245% 0.13[-0.40, 0.65) —
Subtotal (95% CI) 132 134 75.0% -0.30 [-1.39, 0.80] e _—
Heterogeneity: Tau®= 0.88; Chi*= 34.14, df= 2 (P < 0.00001); F=94%
Test for overall effect: Z= 0.53 (P = 0.59)
Total (95% CI) 170 168 100.0% -0.23 [-1.04, 0.58] ’

Heterogeneity: Tau®= 0.63; Chi*= 38.08, df= 3 (P < 0.00001), F= 92%
Test for overall effect: Z= 0.56 (P = 0.57)
Test for subaroup differences: Chi*= 0.20, df=1 (P = 0.66), F= 0%

-2 -1 0 1
Favours [Intervention] Favours [Control]

2

b) Mode of Intervention

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
3.3.1 Severe
Kumari P et al,, 2020 81 18 75 107 22 75 259% -1.29 [-1.64,-0.93) —
Siahkali S etal,, 2021 92 389 30 757 6.23 30 246% 0.31[-0.20,0.82) T
ZhangJetal, 2021 35 17 27 328 17 29 245% 0.13[-0.40, 0.65) —
Subtotal (95% ClI) 132 134 75.0% -0.30 [-1.39, 0.80] —’-—
Heterogeneity: Tau*= 0.88; Chi*= 34.14, df= 2 (P < 0.00001); = 94%
Test for overall effect: Z=0.53 (P = 0.59)
3.3.2 Non-Severe
Hakamifard A etal., 2021 795 318 38 803 283 34 250% -0.03[-0.49, 0.44] —_—
Subtotal (95% CI) 38 34  25.0% -0.03 [-0.49, 0.44] ’
Heterogeneity. Not applicable
Test for overall effect Z=0.11 (P =0.91)
Total (95% Cl) 170 168 100.0% -0.23 [1.04, 0.58) -*-

Heterogeneity: Tau?= 0.63; Chi*= 38.08, df= 3 (P < 0.00001); F= 92%
Test for overall effect Z=0.56 (P = 0.57)
Test for subaroup differences: Chi*= 0.20, df=1 (P = 0.66), F= 0%

c) Severity of disease

-1 0 1
Favours [Intervention] Favours [Control]

'
ot

Fig. 7. Sub-group analysis for various outcomes (duration of hospital stay).
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similar mortality [36].

Findings of our study could be attributable to following reasons.
Firstly, lack of universally accepted optimal dose and route of
administration. Considering recommended dietary allowance of
vitamin C to be 75—110 mg/day and a serum value of 50—70 pmol/L
to be normal (<23 umol/L deficient, <11 umol/L very low) [37,38], as
much as 40% ICU population may be vitamin C deficient, which in
turn, is linked to excessive mortality [8,39]. Oral absorption of
ascorbate becomes erratic due to saturation of transporter proteins
in critical illness, so much so, that around 3 gm of intravenous
replenishment is needed for attaining normal serum values [40,41].
Secondly, how ‘high’ should be considered high is not known. In
this review, various dosages ranging from 1 to 24 gm/day have been
used. For our convenience we assumed >10 gm/day as ‘high’ as in
Fowler's study, 200 mg/kg/day (around 12 gm/day). Wang et al. also
used the similar operational definition [25] for ‘high’ dose. Thirdly,
as previously seen with meta-analysis of other vitamins/antioxi-
dants in COVID, a theoretical benefit may not always extrapolate in
to clinical benefit, as deficiency in particular vitamin may merely
mark a disease process rather than its outcome [42]. Lastly, pro-
spective administration after diagnosis of COVID, may not be as
useful as physiologically replenished state prior to contracting the
disease, echoing the notion ‘prevention is better than cure’.

6. Conclusion

Vitamin C therapy didn't reduce major health related outcomes
in COVID patients. In sub-group analysis based on drug dose (high
vs. low), route (IV vs. oral) and severity of illness (severe vs. non-
severe) no significant benefit were observed. Hence, larger pro-
spective randomized trials are needed in order to evaluate the ef-
fect of isolated vitamin C administration, separately for both
vitamin C replete and deplete individuals. Treatment in the control
group should be guided by prevailing standard of care for COVID
infected patients.

7. Limitation

There are various limitations of this study. Firstly, heterogeneity
of included population, drug dosages and route, which makes re-
sults inconclusive. However, sub-group analysis also revealed
similar findings. Secondly combination therapy with other agents
like vitamin E and melatonin etc. confounds our study finding, like
it did in Marik's study [9]. Thirdly, the standard therapy in the
control group were dissimilar, owing to their different period of
completion. Steroids and anticoagulation have been considered as
standard therapy for hospitalised patients requiring oxygen
[43,44]. However, included studies conducted during the initial
period of COVID, administered steroids to minority (8—30%) of
patients requiring oxygen [14,15]. Fourth, due to lack of data,
serious adverse events with high dose vitamin C could not be re-
ported. Lastly, due to less number of studies (n < 10) meta
regression could not be performed.
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