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Abstract

Background COVID-19 has posed a global burden, with vitamin C considered a potential treatment due to its
antioxidant, anti-inflammatory, and antimicrobial properties. However, its efficacy remains uncertain. This study aims
to evaluate the impact of vitamin C supplementation on COVID-19 patients.

Methods A comprehensive literature search was conducted across PubMed, MEDLINE, Embase, CBMdisc,

WanFang Data, and CNKI from October 26, 2012, to October 1, 2023. The primary outcomes were 28-day mortality
and in-hospital mortality, and the secondary outcomes were intensive care units (ICU) length of stay, duration of
mechanical ventilation, length of vasopressor use, changes in SOFA score, and PaO,/FiO, ratio. Random-effects
models were employed to analyze the study outcomes. The Cochrane Systematic Review Guidelines and the GRADE
system were utilized evaluated the risk of bias and the quality of evidence.

Results A total of thirteen studies were included with sample of 12,062. Most of these included studies exhibited
low to indeterminate bias risk. The quality of evidence ranged from very low to moderate across in included studies.
The overall results indicated that non-substantial favorable impacts were observed in short-term mortality (risk ratio
[RR]: 0.92, 95% Confidence Interval [Cl]: 0.72 to 1.17, P=0.415) and in hospital mortality (RR: 1.05,95% Cl: 0.95 to 1.16,
P=0.286), nor other secondary clinical outcomes.

Conclusion Although the current application of vitamin C in COVID treatment and management, our findings
revealed that vitamin C did not significantly improve COVID outcomes. More high-quality and multicenter trials are
required to further elucidate the association between vitamin C and COVID-19.

Trial registration Registration of systematic reviews: This study was registered with the International Prospective
Register of Systematic Reviews (PROSPERO), under the registration number CRD42024527599.
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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic,
caused by a highly contagious virus, has become the pre-
eminent global health crisis in recent years, resulting in
substantial fatalities and widespread contamination [1].

In the early stages of the pandemic, people sought alter-
native ways to enhance their immune systems against
COVID-19 due to the lack of specific treatments and
effective vaccines. Among these, Vitamin C, renowned
for its immunomodulatory effects, emerged as a potential
COVID-19 preventive agent. Google surveys revealed it
as the second most popular nutritional supplement glob-
ally, with 17% to 37% of the population reporting its use
between April-May 2020 and November 2020 [2]. The
rationale for this widespread interest in vitamin C stems
from the disease’s characteristic features: excessive oxi-
dative stress, inflammatory storms, and compromised
immunity.

COVID-19 patients tend to have low or very low lev-
els of vitamin C, further highlighting its importance A
preliminary study involving 22 patients found that most
critically ill patients with COVID-19 in intensive care
units (ICU) had vitamin C deficiency (average serum
vitamin C level: 22.2 umol/L), and vitamin C deficiency
was positively associated with COVID-19 mortality risk
[3]. Another study involving 18 critically ill patients with
COVID-19 in ICU showed that 94.4% of those patients
had undetectable levels of vitamin C, with one patient
having very low levels [4]. In March 2020, the Australian
Therapeutic Goods Administration (TGA) stated that
there was ‘no evidence to support intravenous high-dose
vitamin C in the management of COVID-19 [5]. How-
ever, subsequent studies have suggested that intravenous
administration (IV) of high-dose vitamin C may improve
symptoms and outcomes in patients with severe or criti-
cal COVID-19, possibly by reversing the low vitamin C
levels observed in these patients [6].

Vitamin C plays an extensive role in immune sys-
tem, supporting various defense mechanisms, including
maintaining epithelial barrier integrity, modulating the
chemotaxis and antimicrobial activity of phagocytes,
enhancing the activity of natural killer cells, and promot-
ing the proliferation and differentiation of lymphocytes
[7]. The antiviral properties of vitamin C also have been
well documented [8-10]. Viral infections can induce
intensive immune response, characterized by rapid and
excessive expression of cytokines, leading to a cytokine
storm. As an antioxidant, vitamin C can reduce cyto-
kine release and alleviate tissue damage [8]. Mouse ani-
mal studies demonstrated that vitamin C could regulate
antiviral cytokines production, such as interferons IFN-
a/p [10]. Thus, vitamin C is often used in conjunction
with other antiviral drugs, potentially aiding in suppress-
ing viral infections and improving the survival rates [9].
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Given its antioxidant, antiviral, and immune-boosting
properties, vitamin C appears to be a promising adjunc-
tive therapy, especially for critically ill patients with defi-
cient vitamin C levels.

However, despite the clinical interest in vitamin C for
COVID-19 management, its application has been hin-
dered by inconsistent research findings [11-19]. This gap
in evidence emphasizes the need for further research to
clarify vitamin C’s role in the fight against COVID-19.

A recent meta-analysis of 3,429 patients reported that
vitamin C was associated with a significant reduction in
mortality (odds ratio [OR] = 0.64, 95% Confidence Inter-
val [CI]: 0.51-0.80, P = 0.0001) and disease severity (OR
= 0.59, 95% CI: 0.43-0.80, P = 0.0006) [19]. Similarly,
another meta-analysis involving 2,334 patients found that
vitamin C supplementation reduced the risk of disease
progression (risk ratio [RR] = 0.34, 95% CI: 0.135-0.873,
P = 0.025) [17, 19]. Notably, dose and route of adminis-
tration appear to influence outcomes: a meta-analysis of
15 studies (n = 2,490) demonstrated that high-dose intra-
venous vitamin C significantly reduced overall mortality
(RR = 0.70, 95% CI: 0.52-0.96, P = 0.03), whereas low-
dose regimens showed no benefit (RR = 0.94, 95% CI:
0.79-1.07, P = 0.46). Furthermore, intravenous vitamin
C as monotherapy was associated with lower mortality
(RR = 0.64, 95% CI: 0.49-0.83, P = 0.006), while combina-
tion therapies did not yield significant effects, suggesting
potential interactions or dilution of benefit in complex
treatment regimens [15]. Despite these promising signals,
other high-quality analyses have reported null findings.
For instance, a meta-analysis of six RCTs (n = 572) found
no significant effect of vitamin C on mortality, hospital
length of stay, or ICU duration [11]. Similarly, another
meta-analysis of 11 RCTs showed no improvement in
in-hospital mortality or ICU stay [18]. A randomized
controlled trial also reported that while high-dose intra-
venous vitamin C improved oxygenation (PaO,/FiO,
ratio; 95% CI: 33—122, P = 0.01), it did not reduce mortal-
ity [12]. These conflicting results, some showing benefit
in mortality and disease progression, others reporting no
significant clinical impact, highlight substantial heteroge-
neity in study design, patient populations, dosing strate-
gies, and concomitant therapies. The inconsistency in
evidence underscores the need for a comprehensive, up-
to-date synthesis to clarify the true efficacy of vitamin C
in the management of COVID-19.

We conducted a systematic review and meta-analysis
to address these research gaps and clarify the role of vita-
min C in COVID-19 treatment by synthesizing previous
data, enlarging the sample size, and enhancing statistical
rigor. Our study can offer valuable insights for clinicians,
policymakers, and individuals, informing better treat-
ment decisions regarding vitamin C use in COVID-19
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patient care and guiding informed vitamin C administra-
tion choices.

Methods

We adhered to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) guidelines
in this study, and performed PRISMA Checklist seen in
the supplementary material. This study was registered
with the International Prospective Register of Systematic
Reviews (PROSPERO), under the registration number
CRD42024527599.

Literature retrieval strategy

We performed a comprehensive literature searching for
across several academic databases, including PubMed,
Embase, China National Knowledge Infrastructure, Wan-
fang Data, and China Biology Medicine disc (CBMdisc),
to retrieve prevalent literature. The free terms “Vitamin C
OR Ascorbic Acid” AND “Novel Coronavirus or COVID-
19” in addition to the medical subheading (MeSH) terms
were employed in the literature searching to identify
relevant articles published in both Chinese and English,
spanning the period from October 26, 2012, to October
1, 2023. The detailed search strategies for each database
have been added to the Supplementary Material. In addi-
tion, we also reviewed references in included articles and
pertinent systematic review to further determine addi-
tional articles. Two investigators (SYZ and YJF) indepen-
dently screened the titles, abstracts, and full texts of the
included articles, and a third reviewer (NZ) resolved the
disagreements.

Inclusion criteria

(1) RCTs and observational studies published in both
Chinese and English, focusing on clinical trials investi-
gating the association between vitamin C and COVID;
(3) Studies focused on adult patients diagnosed with
COVID-19; (3) The sole distinction between the inter-
vention group and the placebo group was the administra-
tion of vitamin C therapy, aimed at assessing its effects
on COVID-19 outcomes.

Exclusion criteria

(1) Duplicate reports, unpublished data, abstracts, let-
ters, commentaries, popular science articles, conference
reports, animal experiments, in vitro cell experiments,
and low-quality articles were excluded from the analysis.
(2) Studies lacked the methodological rigor to isolate and
evaluate the independent effect of vitamin C on COVID-
19 outcomes were also excluded.

Data extraction and evaluation
A pre-determined extraction table was used to
extract data followed by a structured approach by two
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investigators (SYZ and SJG) independently. The findings
were mutually cross-validated for accuracy upon com-
pleting the procedure, and discrepancies were resolved
by a third researcher (NZ). The following data was
extracted from included studies: first author’s last name
and publication year, country, study design, sample size,
participants characteristics, intervention and placebo
protocol, and primary and secondary outcomes.

Quality evaluation

SYZ and SJG independently assessed the risk of bias
and quality of included studies, NZ resolved disputes to
guarantee the accuracy and consensus. The heterogene-
ity interpretation was used to determine the risk of bias
among included studies, categorizing them into low,
unclear, or high risk of bias categories. The GRADE-PRO
framework was applied to evaluate the quality evidence,
covering bias, inconsistency, indirectness, imprecision,
and other pertinent factors [20].

The primary outcomes in this study included short-
term mortality (28-d mortality or 30-d mortality; M28/
M30) in-hospital mortality (IHM), and secondary out-
comes were length of Intensive Care Unit stays (ICU
LOS, measured in days), length of hospital stays (Hos-
pital LOS, measured in days), requirement for mechani-
cal ventilation (MV), change in Sequential Organ Failure
Assessment score (ASOFAS), the ratio of arterial oxygen
partial pressure to fractional inspired oxygen (PaO,/
FiO,).

Statistical analysis

R statistical software (version 4.3.0) with meta package
(version 7.0-0) was utilized to perform Meta-analysis.
Standardized mean differences (SMD) for ICU LOS,
Hospital LOS and ASOFAS, along with RR for M28,
IHM and MV, were recalculated based on the extracted
data. The formulas for SMD and RR have been detailed
in the supplementary material. The overall effect of het-
erogeneity among studies were determined using the
random-effects model, evaluating both within-trial and
between-trial variance [21]. The Knapp-Hartung adjust-
ment method was applied to calculate the confidence
interval of the effect value [22], and the variance in true
effects is represented by 12 For continuous outcomes,
the combined results are reported as SMD and 95% ClI,
and RR was calculated with 95% CI for binary outcomes.
The combined results are represented as SMD and 95%
CI for continuous outcomes, and binary outcomes were
assessed by RR with 95% CI. Cochrane’s Q test (with p
< 0.10 indicating significance) and the I? statistic, rang-
ing from 0 to 100%, were used to evaluate between-tri-
als heterogeneity. I” values were classified 0-40% = low,
30-60% = moderate, 50-90% = substantial, and 75-100%
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= considerable heterogeneity, based on the Cochrane
Handbook for Systematic Reviews of Interventions [23].

To further explore potential sources of heterogeneity,
we prespecified subgroup analyses based on study design
(randomized controlled trials versus observational stud-
ies) and disease severity (critically ill, severe, or mild-to-
moderate), as reported in the original studies. Outcomes
examined in these subgroup analyses included IHM,
M28, MV, and ASOFAS, with pooled effect estimates
calculated using the same statistical models as in the pri-
mary analyses (RR for dichotomous outcomes and SMD
for continuous outcomes). Subgroup analyses based
on baseline vitamin C concentrations and on vitamin C
dose (high versus low) were also planned. However, these
analyses were not feasible because baseline plasma vita-
min C levels were inconsistently reported, and dosing
regimens varied substantially across studies depending
on disease severity. For ICU LOS and Hospital LOS, the
limited number of eligible studies precluded meaningful
subgroup analyses.

Funnel plots were not generated due to the small num-
ber of included studies in each subgroup (fewer than ten),
as visual asymmetry may be unreliable and misleading in
such cases, according to PRISMA guidelines.

Results

Search strategy and study selection

A total of 4,303 articles were retrieved from electronic
databases, and 3,899 articles were obtained after mov-
ing duplicates. Following title and abstract screening,
this number was reduced to 215 articles, and a full-text
review further narrowed it down to 13 studies [12, 24—
35], in accordance with predefined criteria. At the full-
text review stage, three studies were excluded because
the effect of vitamin C could not be clearly distinguished
from other interventions or combination therapies, con-
sistent with our predefined inclusion/exclusion criteria.
The detailed selection process seen in Fig. 1.

The majority of included were cohort studies, with four
of them being RCTs. The reviewed included studies from
China (3), Iran (2), Saudi Arabia (1), France (1), Lebanon
(1), Pakistan (1), the USA (1), and Turkey (1). One study
included patients from four continents, Europe, North
American, Asia and Australia. Regarding the treatment
protocol, studies employed IV of vitamin C or enteral
feeding, though there were some variations in dosage and
administration protocol, including frequent (1.5 g every
6 h for 120 h) and daily administration (50 mg/kg per
day, up to a maximum of 24 g). In terms of the placebo
protocol, conventional treatment was most frequently
used and one study using sterile water. The primary out-
comes were M28 and IHM, and the secondary outcomes
included ICU LOS, Hospital LOS, requirement for MV
and ASOFAS. In the study of Adhikari NK]J, et al. [35], a
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total of 2590 patients were classified as critically ill and
not critically ill, and randomized controlled trials were
conducted. We included this study in two randomized
controlled trials, one for critically ill patients and the
other for not critically ill patients. The main characteris-
tics of included studies were summarized in the Table 1.

Risk of bias and quality assessment

Most of included studies exhibited a low to indeter-
minate bias risk, as detailed in Figs. 2 and 3. Regarding
random sequence generation, the majority of included
studies were rated as low risk of selection bias, whereas
four of them were determined unclear risk bias [24, 26,
28, 33]. Around half of the studies had a low risk of per-
formance bias and detection bias [12, 24-26, 29, 35], five
studies demonstrated unclear risk [28, 30-33], and two
studies presented a high risk for performance bias due
to their open-label design [27, 34]. In regards to attrition
bias, reporting bias and other bias, all studies were con-
sidered to have a low risk.

In general, four of included studies were assessed as
very low evidence quality using the GRADE framework,
with the exception of two studies that were determined
to have a moderate. Further details of the GRADE assess-
ment were provided in Fig. 4. The quality of evidence for
M28 and ICU LOS were assessed as moderate. While,
the evidence quality for IHM, Hospital LOS, MV, and
ASOFAS were determined as very low primarily due to
the inclusion of cohort studies. Besides, Hospital LOS
was downgraded for high heterogeneity (I = 98.05%) and
wide confidence interval.

Efficacy outcomes

Short-term mortality

Five studies evaluated the effect of vitamin C adminis-
tration on short-term mortality rate among COVID-19
patients [12, 24, 29, 33]. The results showed that a pooled
RR of 0.92 (95% CI: 0.72 to 1.17, P = 0.415), indicating no
statistically significant difference in the short-term mor-
tality rate. The heterogeneity among these studies was
moderate (I> = 53.09%) (Fig. 5a).

In-hospital mortality

Seven studies reported on in-hospital mortality rates
[12, 24, 26-28, 30, 34], with a combined RR of 1.05 (95%
CIL: 0.95 to 1.16, P = 0.286), showing no statistical sig-
nificance. The heterogeneity was insignificant (I> = 0%),
demonstrating the consistency of findings across these
studies (Fig. 5b).

ICU length of stay

The impact of vitamin C on the length of ICU stays was
evaluated in two studies [12, 28]. The overall SMD was
0.30 (95% CI: -0.98 to 1.57, P = 0.207), with insignificant
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Records identified from:
Total (n = 4303)
Embase (n = 2045)
Pubmed (n = 2201)
CNKI (n=2)

WanFang Data (n = 35)
CBMdisc (n = 20)
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Records removed before

screening:

!

Records screened

(n = 3900)

Reports sought for retrieval

Duplicate records removed
(n=403)

Records excluded
(n =3684)

Reports not retrieved

(n=216)

Reports assessed for eligibility
(n=216)

Studies included in review

(n=13)

Fig. 1 Prisma Diagram

heterogeneity (I> = 0%) observed (Fig. 5c). It should be
noted that this analysis was based on only two studies,
which limits the statistical power and generalizability of
the findings.

Hospital length of stay

Two studies contributed data regarding the length of hos-
pital stays [27, 30], providing a combined SMD of -0.53
(95% CI: -10.15 to 9.09, P = 0.611), which also indicated
no statistically significant difference. However, a consid-
erable heterogeneity was observed (I* = 98%) across the
analyses (Fig. 5d). Given that this meta-analysis included
only two studies, the results should be interpreted
with caution due to the limited sample size and high
heterogeneity.

4

(n=0)

Reports excluded (n = 3)
Reason: Vitamin C was used in
combination therapy, making its
specific effect unclear compared

to standard therapy alone.

Requirement for mechanical ventilation

Six studies examined the effectiveness of vitamin C in
relation to the need for mechanical ventilation in COVID
patient [12, 25-27, 30, 33]. The synthesis of these stud-
ies revealed a pooled RR of 1.29 (95% CI: 0.84 to 1.96,
P = 0.185), indicating a non-significant trend towards a
higher requirement for mechanical ventilation in the
vitamin C group, although the difference was not statisti-
cally significant. Substantial heterogeneity was observed
(I? = 84%) (Fig. 5e).

Change in sequential organ failure assessment score
Changes in the SOFA score were reported in three stud-
ies [12, 28, 31]. The pooled SMD was — 0.05 (95% CI:
-0.58 to 0.48, P = 0.725), with no significant heterogene-
ity (I = 0%), (Fig. 5f).
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Certainty assessment

28/30-day mortality
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Fig. 4 Literature Quality Evaluation by Using GRADE Methodology

Sub-group analysis

Subgroup analyses were conducted by study design
(RCTs vs. observational studies) and by disease severity
(critically ill, severe, mild-to-moderate). No statistically
significant differences were observed between RCTs and
observational studies across outcomes. Similarly, sub-
group analyses stratified by disease severity did not reveal
significant effects of vitamin C treatment on any of the
clinical outcomes. Due to the limited number of stud-
ies, subgroup analyses were not feasible for ICU LOS
and Hospital LOS. The detailed forest plots of subgroup

analyses are provided in the Supplementary Figures (Fig.
S1-S5).

Discussion

A brief summary of findings and quality of included
studies

Overall, our meta-analysis indicated that the adminis-
tration of vitamin C did not show favorable impact on
COVID-infected patients’ health outcomes, including
short-term mortality, inpatient mortality, length of hos-
pital stays, ICU stay, mechanical ventilation require-
ment, or SOFA score. Subgroup analyses did not reveal
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Fig. 5 Meta-analysis assessing the effects of vitamin C on clinical outcomes in COVID-19 patients. a illustrates risk ratios for 28-day mortality. b presents
the impact on in-hospital mortality. ¢ details variations in ICU length of stay. d details variations in the length of hospital stays (e) evaluates the duration
of mechanical ventilation, while (f) depicts standardized mean differences in SOFA score changes. Cl represents Confidence Interval, and SMD indicates

Standardized Mean Difference
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any statistically significant differences across disease
severity groups (mild-to-moderate, severe, or critical ill-
ness). Additionally, when stratified by study design, no
significant benefits of vitamin C supplementation were
observed in either randomized controlled trials (RCTs)
or observational cohort studies, indicating no consistent
advantage of vitamin C treatment across subgroups.

In the terms of short-term mortality and in-hospital
mortality rates, our results were consistent with several
studies [11, 36]. Rawat, D., et al's meta-analysis includ-
ing 6 RCTs (1 = 572) revealed that Vitamin C treatment
didn’t reduce mortality (RR: 0.73, 95% CI: 0.42 to 1.27;
I> = 0%; P = 0.27) [11]. In addition, Xie, Y., et al's study
including 57 reviews and 57 latest original studies dem-
onstrated no significant reduction in mortality among
COVID-19 patients treated with vitamin C (OR: 1.12,
95%CI: 0.44 to 2.86) [36]. However, there existed incon-
sistencies with studies conducted by Olczak-Pruc, M., et
al., which involved a systematic review and meta-anal-
ysis involving 10 RCTs and 9 retrospective studies (N =
2,172). Their results revealed a significant reduction in
mortality risk with vitamin C supplementation compared
to the control group in RCTs (OR = 0.44; 95% CI: 0.25 to
0.76; P = 0.003), yet no significant change was observed
in retrospective studies (OR = 0.79; 95% CI: 0.37 to 1.68;
P = 0.54) [37]. The discrepancies in the findings can be
attributed to Olczak-Pruc et al. study’s subgroup analy-
ses, as well as variations in ICU admission criteria across
studies, which likely influenced disease severity and study
outcomes [37].

In addition, Kow, CS, et al. conducted a systematic
review and meta-analysis incorporating 11 RCTs with
939 patients, demonstrating that vitamin C administra-
tion reduced overall mortality risk among COVID-19
patients (pooled OR = 0.53; 95% CI 0.30 to 0.94; I* =
22%), particularly among critically ill patients (pooled OR
= 0.47; 95% CI 0.26 to 0.84; I> = 17%) [38]. However, our
study did not perform similar subgroup analyses, which
may partially account for the observed heterogeneity in
results. Moreover, significant variations in dosing, rang-
ing from 2 g to 24 g daily, were observed in the studies,
whereas our study utilized doses between 6 g and 12 g.
This discrepancy in dosing could be another reason for
the differences in findings.

Regarding ICU and hospitalization durations, our find-
ings were consistent with previous studies showing no
significant benefits of vitamin C. Specifically, Lei, S., et
al. and Xie, Y., et al. reported no substantial difference
in ICU stay duration with or without vitamin C supple-
mentation [17, 36]. Similarly, Rawat, D., et al’s meta-anal-
ysis and Song, C., et al's mendelian randomization study,
involving over 1,000,000 COVID-19 patients, found no
reduction in hospitalization times [11, 39]. Our research
also supports these results, indicating no significant
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effect of vitamin C on the need for mechanical ventila-
tion or on SOFA scores among COVID-19 patients. Xie,
Y, et al. s study indicated that vitamin C did not effec-
tively reduce the requirement of mechanical ventilation
(OR, 0.73, 95%CI: 0.39 to 1.38) [36]. In addition, Lei, S, et
al’s study demonstrated no significant reduction in SOFA
scores among COVID-19 patients treated with vitamin C
(SMD, -0.113, 95%CI: -1.186 to 0.961, P = 0.837) [17].

Strengths, limitations, and future research

Our findings offer valuable insights into the impact of
intravenous vitamin C administration on COVID-19
clinical outcomes. By isolating the independent effect of
vitamin C, we provide a more focused perspective on its
role in COVID-19 treatment. Our research may inform
healthcare providers and patients, enhancing outcomes
and care.

It is important to acknowledge several limitations. First,
some secondary outcomes—including ICU length of stay,
hospital length of stay, and change in SOFA score—were
based on only two or three studies; pooled estimates
may be imprecise, and heterogeneity metrics (I*) can be
unstable or truncated, so these findings should be inter-
preted as exploratory. Second, only PubMed, Embase,
and three Chinese databases were searched, and other
international databases were not included, which may
have led to missed studies. Finally, meta-analyses based
on very few studies have limited statistical power; while
we included them to provide a more complete overview,
caution is needed in interpretation. These limitations
underscore the need for additional multicenter RCTs to
confirm our findings.

In future COVID-19 clinical practice, vitamin C dosage
and duration should be thoroughly documented. Further-
more, more multicenter RCTs are required to evaluate
vitamin C’s role on COVID-19. Standardizing treatment
protocols, including dosage, routes, and duration, will
minimize variations. Subgroup analyses of patient demo-
graphics are crucial to understanding vitamin C’s efficacy
in COVID-19 treatment.

In conclusion, our meta-analysis suggested that vita-
min C supplementation did not show favorable effects
on COVID-19 management. More high-quality studies
are required to further explore vitamin C’s therapeutic
potential in COVID-19.
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