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Abstract
Background and Aims Vitamin C appears to be a viable treatment option for patients with COVID-19.
Methods We conducted a systematic review and meta-analysis of randomized controlled trials (RCTs) of vitamin C versus 
comparative interventions in patients with COVID-19. The outcome of interest was all-cause mortality.
Results  The meta-analysis of eleven trials using a random-effects model revealed significant reduction in the risk of all-
cause mortality with the administration of vitamin C among patients with COVID-19 relative to no vitamin C (pooled odds 
ratio = 0.53; 95% confidence interval 0.30–0.92). Subgroup analysis of studies that included patients with severe COVID-
19 also produced findings of significant mortality reduction with the administration of vitamin C relative to no vitamin C 
(pooled odds ratio = 0.47; 95% confidence interval 0.26–0.84).
Conclusion  Overall, evidence from RCTs suggests a survival benefit for vitamin C in patients with severe COVID-19. 
However, we should await data from large-scale randomized trials to affirm its mortality benefits.

Keywords Ascorbic acid · COVID-19 · Mortality · Vitamin C

Introduction

Vitamin C could modulate the immune response and has 
been hypothesized to mitigate organ dysfunction in patients 
with coronavirus disease 2019 (COVID-19). Hence multiple 
clinical trials have been conducted since the beginning of 
the COVID-19 pandemic to investigate the effects of vita-
min C on the risk of mortality in patients with COVID-19. 
We undertook a systematic review and meta-analysis to 

synthesize evidence from randomized controlled trials that 
evaluated the mortality outcomes with the use of vitamin C 
in patients with COVID-19.

Methods

We performed a systematic literature search in the follow-
ing electronic databases: PubMed, Scopus, and Web of Sci-
ence, for published studies, and medRxiv, Research Square, 
and SSRN for preprints, from inception to November 18, 
2022. The literature search was updated again on April 1, 
2023. The literature search in these electronic databases was 
conducted based on the following keywords and their Medical 
Subject Heading terms (if applicable): “COVID-19”, “SARS-
CoV-2”, “COVID”, “corona”, ascorbic acid", "vitamin C", 
"Sodium Ascorbate", and "L-ascorbic". We also hand-searched 
the reference lists of included articles and relevant reviews to 
retrieve additional relevant records. We limited the search to 
human and adult studies with no restrictions on publication 
date or publication status.

Two investigators (CSK and SSH) independently 
screened all the retrieved titles and abstracts for inclusion. 
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The two investigators (CSK and SSH) also retrieved and 
appraised full texts of articles that were deemed potentially 
eligible for inclusion. The two investigators (CSK and SSH) 
resolved disagreement during the review process through a 
discussion with a third investigator (DSR) and by consensus.

 We included randomized trials that evaluated the mortal-
ity outcome with the use of vitamin C against any compara-
tive interventions in adult participants (≥ 18 years) who were 
infected with SARS-CoV-2. We excluded non-randomized 
trials, single-arm trials, observational studies, case reports, 
reviews, conference abstracts, animal studies, and non-Eng-
lish language publications.

Data extraction from each included trial was performed 
independently by two investigators (CSK and DSR) using 
a pre-specified and standardized data extraction form. Data 
extracted included characteristics of the included studies 
(first author’s surname, year of publication, and country 
where the trial was performed), trial design, details of the 
population enrolled (mean/median age and illness severity), 
details of the study interventions (dose, frequency, and dura-
tion), details of the comparative interventions, and mortal-
ity events. We resolved discrepancies in the data extracted 
between the two investigators by discussion or, if necessary, 
by adjudication by a third investigator (SSH).

Two investigators (CSK and SSH) independently assessed 
the risk of bias for each of the included trials using the 
Cochrane Risk of Bias Tool version 2 [1]. Disagreements 
in the assessment were resolved by discussion with a third 
investigator (DSR) and by consensus. We adjudicated the 
overall risk of bias as ‘low’ only if all domains were assessed 
as low risk of bias.

The outcome of interest was all-cause mortality.
A random-effects model meta-analysis was used to esti-

mate the pooled odds ratio for the development of outcomes 
of interest with the use of vitamin C relative to the use of 
comparative interventions, at 95% confidence intervals. To 
evaluate the robustness of the pooled estimate, we also fitted 
an inverse variance heterogeneity (IVhet) model. In addi-
tion, we conducted sensitivity analyses by excluding visible 
outliers studies. Subgroup analysis based on the COVID-
19 severity of included patients was also performed. The 
heterogeneity between studies was quantified using the  I2 
statistics and the χ2 test, with substantial heterogeneity pre-
determined at 50% and p < 0.10, respectively. All analyses 
were conducted in Meta XL, version 5.3 (EpiGear Interna-
tional, Queensland, Australia).

Results

Our systematic literature search on electronic databases 
retrieved 697 records. After deduplication, a total of 258 
records were identified, and 19 records were assessed for 

eligibility. Eight studies were excluded either due to obser-
vational study design or reported no mortality events. In 
total, we included eleven randomized controlled trials (Beig-
mohammadi et al. 2021; Cao et al. 2020; JamaliMoghad-
amSiahkali et al. 2021; Kumar et al. 2022; Kumari et al. 
2020; Labbani-Motlagh et al. 2022; Leal-Martínez et al. 
2022; Majidi et al. 2021; Tehrani et al. 2022; Thomas et al. 
2021; Zhang et al. 2021) in our systematic review and meta-
analysis, with 445 patients randomized to receive vitamin 
C and 494 patients randomized to receive comparative 
interventions.

The characteristics of the included randomized trials are 
shown in Table 1. The regimen of vitamin C in the interven-
tion group differed across the included trials. Most of the 
included trials (n = 6) (Beigmohammadi et al. 2021; Jamali-
MoghadamSiahkali et al. 2021; Kumar et al. 2022; Labbani-
Motlagh et al. 2022; Tehrani et al. 2022; Zhang et al. 2021) 
administered vitamin C intravenously at a fixed non–weight-
based dose ranging from 2 to 24 g daily for a duration of 4 to 
7 days. One trial (Kumari et al. 2020) administered vitamin 
C intravenously at a weight-based dose of 50 mg/kg daily. 
The remaining four trials (Cao et al. 2020; Leal-Martínez 
et al. 2022; Thomas et al. 2021; Majidi et al. 2021) adminis-
tered vitamin C orally/enterally at a fixed non–weight-based 
dose ranging from 0.2 g to 8 g daily for a duration of 10 
up to 21 days.

We adjudicated five trials (Kumar et al. 2022; Labbani-
Motlagh et al. 2022; Leal-Martínez et al. 2022; Majidi et al. 
2021; Thomas et al. 2021) as having a low risk of bias in 
all domains and, thus an overall low risk of bias. We rated 
the remaining trials as having overall some concerns of bias 
(some concerns of bias in at least one domain): the four 
trials reported by Zhang et al. (2021), by JamaliMoghad-
amSiahkali et al. (2021), by Tehrani et al. (2022), and by 
Beigmohammadi et al. (2021) respectively, had some con-
cerns of bias in the domain of ‘deviations from intervention’ 
due to open-label/single-blind trial design; the trial reported 
by Kumari et al. (2020) had some concerns of bias in the 
domain of ‘randomization’ due to inadequate information on 
allocation concealment as well as in the domain of ‘devia-
tions from intervention’ due to single-blind trial design; the 
trial reported by Cao et al. (2020) had some concerns of bias 
and in the domain of ‘deviations from intervention’ due to 
single-blind trial design as well as in the domain of ‘selec-
tion of the reported results’ since it was unclear whether the 
trial was analyzed as pre-specified.

The meta-analysis of eleven trials (Beigmohammadi et al. 
2021; Cao et al. 2020; JamaliMoghadamSiahkali et al. 2021; 
Kumar et al. 2022; Kumari et al. 2020; Labbani-Motlagh 
et al. 2022; Leal-Martínez et al. 2022; Majidi et al. 2021; 
Tehrani et al. 2022; Thomas et al. 2021; Zhang et al. 2021) 
using a random-effects model reported reduction in the risk 
of all-cause mortality with the administration of vitamin C 
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in patients with COVID-19 compared to non-administration 
of vitamin C; the pooled odds ratio is with significant evi-
dence to indicate mortality benefits, at the current sample 
size (Fig. 1; pooled odds ratio = 0.53; 95% confidence inter-
val 0.30 to 0.92; I2 = 22%). The IVhet model also produced-
significant evidence of mortality reduction (pooled odds 
ratio = 0.53; 95% confidence interval 0.30 to 0.94; I2 = 22%).

The sensitivity analyses by excluding visible outliers 
studies (Cao et al. 2020; Thomas et al. 2021) also revealed 
mortality benefits with the use of vitamin C among patients 
with COVID-19 compared to non-use of vitamin C; the 
pooled odds ratio indicated significant mortality benefit 
(pooled odds ratio = 0.47; 95% confidence interval 0.29 to 
0.75;  I2 = 0%), in which, at the current sample size, there 
is adequate evidence to reject the null hypothesis of ‘no 
significant difference’. The IVhet model with visible outli-
ers studies (Cao et al. 2020; Thomas et al. 2021) removed, 
also produced significant evidence of mortality reduction 
(pooled odds ratio = 0.47; 95% confidence interval 0.29 to 
0.75; I2 = 0%).

Subgroup analysis of studies (Beigmohammadi et al. 
2021; Cao et al. 2020; JamaliMoghadamSiahkali et al. 2021; 
Kumar et al. 2022; Kumari et al. 2020; Leal-Martínez et al. 
2022; Majidi et al. 2021; Tehrani et al. 2022; Zhang et al. 
2021) which included patients with severe COVID-19, 
produced findings of significant mortality reduction with 
the administration of vitamin C relative to no vitamin C 
(pooled odds ratio = 0.47; 95% confidence interval 0.26 to 
0.84; I2 = 17%). Likewise, significant evidence of mortality 
reduction (pooled odds ratio = 0.48; 95% confidence interval 
0.27 to 0.87; I2 = 17%) is observed when an inverse variance 
heterogeneity (IVhet) model was fitted.

In this systematic review and meta-analysis, we found 
significant mortality benefits with the use of vitamin C 
in patients with COVID-19, especially in the subgroup of 
patients with severe illness. The findings of our review 

concur with the widely hypothesized benefits of vitamin C in 
patients with COVID-19 since the beginning of the COVID-
19 pandemic. Vitamin C is deemed to have conducive effects 
in patients with COVID-19 by virtue of its immunomodula-
tory role. Vitamin C may have a role in various immunity 
pathways against COVID-19 by controlling the growth and 
function of innate and adaptive immune cells and produc-
ing antibodies. Besides, as a robust antioxidant, vitamin C 
can help ameliorate oxidative stress, which is considered 
a pivotal point in the pathophysiology of COVID-19. By 
scavenging reactive oxygen species produced in polymor-
phonuclear neutrophils, vitamin C may inhibit neutrophil 
extracellular traps (NET) production or NETosis, which con-
tributes to the development of multiorgan injury in patients 
with COVID-19.

Nonetheless, we believe our findings are still inadequate 
to warrant the routine use of vitamin C in patients with 
COVID-19 for mortality reduction. Most of the randomized 
trials investigating the mortality outcomes with the use of 
vitamin C in patients with COVID-19 had some concerns 
of bias. In addition, other than the trial reported by Majidi 
et al. (2021), none of the individual trials (Beigmohammadi 
et al. 2021; Cao et al. 2020; JamaliMoghadamSiahkali et al. 
2021; Kumar et al. 2022; Kumari et al. 2020; Labbani-Mot-
lagh et al. 2022; Leal-Martínez et al. 2022; Tehrani et al. 
2022; Thomas et al. 2021; Zhang et al. 2021) reported sig-
nificant mortality reduction with the administration of vita-
min C in patients with COVID-19. In addition, variation in 
the dosing regimen of vitamin C used across the included 
trials precludes recommendation of the most appropriate 
method(s) for the administration of vitamin C in patients 
with COVID-19 to reduce their risk of mortality. Therefore, 
further randomized trials with large sample sizes should be 
performed to confirm the mortality benefits of vitamin C 
and to determine the most optimal dosing strategy in this 
population of patients

Fig. 1  Pooled odds ratio for 
all-cause mortality with the 
administration of vitamin C 
among patients with COVID-19 
relative to comparative interven-
tions
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