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EFFECTIVENESS OF VITAMIN C ADMINISTRATION ON
OUTCOME IN COVID-19 PATIENTS: A SYSTEMATIC REVIEW
AND META-ANALYSIS

INTRODUCTION

Coronavirus disease 2019 (Covid-19) is a
disease characterized by severe acute respiratory
syndrome." It spread rapidly around the world and led

to an increase in confirmed cases of Covid-19. Hence,

the World Health Organization (WHQO) declared a
pandemic in 2020 due to this disease. The
prevalence of Covid-19 in the world as of March 18,
2022, reached 480,170,572 confirmed cases, with a
death toll of 6,124,396/ In Indonesia, the incidence of
Covid-19 was 6,001,751 confirmed cases, with a
death toll of 154,774,

Since its first appearance, the high rate of
confirmed Covid-19 by reverse transcription-
quantitative polymerase chain protein (RT-gPCR)
and the death rate in Covid-19 patients has led to
continued research on this subject, one of which is
research on supplements for Covid-19 patients. ®
Additional supplementation in Covid-19 patients is
necessary because the  pathophysiologica
involvement is very complex and involves a decrease
in the immune system. This additional supplement
can act as an immunomodulatorl, antioxidant, and
anti-inflammatory.

The supplement for Covid-19 that has been
widely studied is vitamin C. ® Ascorbic acid, or vitamin
C, is an antioxidant that can fight reactive oxygen
species (ROS). In Covid-19 patients, there\j
excessive ROS production due to an impaired body
defense system resulting in an increase in oxidative
stress that contributes to tissue damage. ® Apart from
being an antioxidant, vitamin C also acts as an
immunomodulator.”® In the case of influenza, the
administration of vitamin C has a symptom-
ameliorating effect, reduces hospitalization duration,
and significantly reduces the risk of death.®

Several studies on the effectiveness of vitamin
C in Covid-19 patients have been conducted, both in
RCT and cohort studies. The results show differences
in the effectiveness of therapy and variations in the
dose used. Therefore, further research studies are
required to provide up-to-date information on the
effectiveness, therapeutic dose, and side| effects of
vitaminl C administration on outcomes in Covid-19
patients.

METHODS

We collected the data from articles published in
Google Scholar, Pubmed, and Science Direct until
April 25, 2022, using Coronavirus Disease, Covid-19,
SARS-CoV-2, vitamin C, and ascorbic acid as the
keywords. Critical analysis of the selected studies
was performed using The Joanna Briggs Institute (JBI)
Critical Appraisal Tools for risk assessment of bias by
the researcher and three reviewers| The] meta-
analysis was generated in compliance with' the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement.

The inclusion criteria used: (1) randomized
control trial (RCT) and cohort studies, from 2019 to
2022; (2) studies related to the administration of
vitamin C to Covid-19 patients (primary or reinfectio
Covid-19 patients); The exclusion criteria: (1)
treatment of Covid-19 in the pregnant female
population; (2) samples under 50 participants; (3)
incomplete information or full texts unavailable.

We used Review Manager Software version 5.3
to perform our meta-analysis to estimate the pooled
oddg ratio (OR), mean| difference (MD), and 95%
confidence interval (95%CI). A p-value of less than




0.05 was considered to be statistically significant. The
statistical heterogeneity was evaluated using
thel F statistics. We performed a subgroup analysis
among subjects who received vitamin C orally or
intravenously, with mortality as the outcome of
effectivity therapy, to diminish the impact of

heterogeneity in the outcome of our results.
RESULTSI
Based on the search of three databases, we

found 1,222 studies. Subsequently, an eligibility
assessment was conducted, and we excluded 1208

studies, resulting in fourteen studies for further review.

The study selection process is laid out in Figure 1.
From thel 14 studies reviewed, ten articles discussed
the administration of vitamin C as a single
supplement'®™ and four studies examined the
administration of a combination of vitamin C2*2%, We
analyzed the articles by extracting and synthesizing
data. Outcomes obtained from this study were
grouped into three types: mortality, hospitalization,
and symptoms (duration of illness, fever, and
anosmia). The results of data extraction and
synthesis are shown in Table 1.

The meta-analysis design was performed on
eleven articles with oral or IV vitamin C administration
based on mortality outcomes and six articles witd
hospitalization outcomes. Eight articles using an |
vitamin C intervention and three using an oral vitami
C intervention were depicted through forest plot
analysis in Figures 2 and 4. When viewed from the
articles obtained, the 1V vitamin C intervention did not
significantly affect the mortality of severe Covid-19
patients (OR 0.80, 95% CI 0.31-2.09, p= 0,66, 1=
79%). Conversely, oral vitamin C significantly
affected the mortality of asymptomatic Covid-19
patients and patients with mild to moderate
symptoms of Covid-19 (OR 0.66, 95% CI 0.45-0.97,
p= 0,04, P= 0%). In this case, oral vitamij o]
intervention can reduce the mortality rate in Covid-19
patients by 66% compared to the control group. The
results of the second meta-analysis showed that the
use of IV vitamin C had no effect (OR -0.21, 95% CI

-2.70-2.28, p= 0,87, 1>= 94) on the duration of
hospitalization for Covid-19 patients.

Based on the funnel plot analysis results
obtained in Figures 3 and 5, the asymmetric
distribution of the data indicates a high publication
bias. These results can be caused by many factors,
such as the small number of studies used and the
lack of databases used. 2
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Figure 1. PRISMA flowchart of articlei selection
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Figure 2. Forest plot analysis of IV and oral vitamin C on mortality
outcomes
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Figure 4. Forest plot analysis of vitamin C IV on inpatient
outcomes

0 SE(MD) \
i
1 |
H
|
7 H
|
|
3 |
i
o]
H
4 i
i
o
i
, L . WE,
100 A0 ] 50 10

Figure 5. Hesultioi thel funnel plot analysis of vitamin G IV on
inpatient outcomes




Aepisny ayy Adeiayy [eydsoH euiyD ayy BUYD
uo Aep e a0imj Al prepuels Auo ;|| dnoug 10 NI @Yy vl syuaied ‘Lzoz e
(e0'0 =d) 2 ujweyA jo swelb Adelay) piepuels BL-PINOD 9L 01D annoadsoney 18 Buaybuaq
umouyun Ayreyow paonpay Aewud skep gz 9 _or_ﬁmmo_o Buipeo Al pue O ulWepA ;| dnois)  UIWEYIA JO UOIBAS IUIWPY yoyen ‘oey g
Adesayy
(1L£°0 =d) uoneinp paepuEls Aluo ;j dnoug 0202 few BIUBWY JO
uoliezieydsoy pue aujwey} 0} — Judy woJj sjuaied sajelg payun
(50°0 =d) Ayepow fep puE "8UOSIHO00IPAY 6I-pINDD QS VD aAdadsolaly ‘L1202 e
umouun 1o8ye 10U pIQ fewud sfepy esow)pswelbg| Al ‘O uiweyn | dnose  ujWEeIA JO UOITBAIS IUIWPY Hoyoy 1@ meunepw ¥
sdnoib omg ol papinp
SEM UDIUM 0202 Udiel
03 fuenige4 woij BulyD
u| sieydsoy @a.uy jo NI
(£8°0 =d) uoneuaA uoisnjul - au) ul 61-QIAQD aJenas BUIYD
[egjueyoBW JO asn Aep oneIsoualoeq (|| dnoug yum syuaned g5 0} O ‘0202 e 1@
umouyun ay} 108y 10U pIg Arewud sfep s e sawyzsweibgl Al O uweyA | dnot  UjWE}IA JO UOIRASILIWPY 104 Buip ‘Bueyz g
‘dnouf jonuoo ey
01 paredwod (100°0
=d) (sfep 6-2)
awn uonezeydsoy
pue (100°0 =d) sdnoib om} ! paplalp
(shep g-g) Apoinb Sem Yaum 0goe Aine
aJoWw (eayuelp pue Adeiayy 0} — yawepy woyy repdsoH uBsed
‘Bllwsoue ‘ybnoo psepuels Auo || dnoug yoesey Je sjuaied ‘0202
Ap “1eaa)) peacidu Adesay) prepuess BL-PINOD OSE OV D e 1@ BUODH
umouyun swoydwAis Aewug SyoaM fep/pg By/bBw og Al pue o ulweyA 1| dnojy  UIWE}IA JO UOIEAS IUILIPY 104 ‘UBWLINY Z
OOH sdnosf omy ol
(100°0 =d) Janay pue JiaeuoypIdeUIAG papinp seMm OZ0Z AB -
aonpal ued ‘sdnouf Auo ) dnoug Judy wouy uel] ‘reydsoy uBl| ‘0202 e
yloq ul aunjesadwae) DOH ueige|7 e sjuened 61 18 BZeJplges
Ul juawanoidw) Aep Jad pue JineuoiIdeuno| -QINQD 948A8S 09 0} D ‘wep
umouyun ue Sem alay] fewud sfep g O ulweya sweib g Al O ulWEyA )| dnoiY  UIWEYIA JO LOIBASILIWPY 124 eybowiewer L
uonel)
(uonosyuiey S|uwpe _rEsoo pue
JRewd) fpmig jo ‘uoneIgnd
Pay3 epIs ssauaAoey3 uoeu| jo uoleIng asoQg apopy uonuaneu jo adf | jo
sjnsey sonsueoeey) Palgng Bumes Apmis uBiseg Apms  tesp loyiny  ON




uMOoUN U

umous|un

uMOoUN U

uMouUn

umouqun

umouqun

(++'0 =d) Ayenow
198y J0U PIQ
(Lo‘0= =d) dnoab
|0U02 By} UBLy
lg)1se) sAep Inoj
sjuaed gL-pinon
ul uoneziendsoy
Jo uoneinp afieiane
ay} peonpay

(so'o<

=d) yuawanoidw
woydwAs

pue Ayenow
1aye jou pig

(250

=d) Alrelow pue
(50°0 =d) uopeinp
uopezieydsoy
198ye Jou pIg

(nge‘o =d) swaned
61-pIACD UO 1088
weayubis B aney
10U PIP 3 UIWEYA
PUE O UIWEYA

frewuy

Aewud

frewuy

fewug

fewud

fewud

shep og fep Jad Bw goo L
shep y| fep sad Bw gog
fep

shep 2 ' saw) g sweib g|

sfep; Aepladswelbp-z

sfep og fep sed sweib g
fep Jad

NI 00F :3 UIEep

fep 1ad

skep 2 Bw 0001 :O uwENA

Aep xeu ayy Aep e
swelb g Ag pamo)|o}

i

B0

M

M

Al

[0

0 UIWepA
uanfb jou a1am ;|| dnouy
O Ujwepa

uanib auam 1| dnoauy

Adeiayy

prepuels Auo | dnoug
Adelay) piepuels

pue 0 uweps ;| dnosg
Adeiayy

paepuEls Aluo ;) dnoug
Adeisayy prepues

pUE O UWEepA ;| dnosg

Adesayy

prepuels Aluo | dnouy
Adesay) prepuess

pue o uiwena ;] dnoy

Adesayy

prepuels Auo || dnoug
Adelay) prepues

pue O uiwenn ;| dnog

Adeiayy

prepuels fluo | dnoig
Adeiayy

PJEPUE]S PUB ‘J UIWENA
‘0 ulEepA | dnoug

020z Jeqwadaq
0] — YUe woJ) eigeny
Ipnes Ul siuaned i
-QINQD 49A8S 6EL 0V D
UIWE}IA JO LUOJeS IUILUpY

Ocog aunr

-Re ul ued) v sjueied
61L-PIACD 69 01D
UJLUE}IA JO UOITELS IUILUpY
BUID

ul SOl oM Ul sjuaned
208 01 D ulweya

JO uonessupe Al

0202 fsenigad ul eulyD
u sjuened 61-QINOD
219A8S /BE 0] SUILLENA
1O UONBASIUILLPY

020z Jaqueldag

Ul Aexany u sjuaned
61-PINCD ESE 01 D
UILUELIA JO UOITEAIS IUILUPY

ueJ| U Bjuownaud

i sjuened gL-pinod
gL 0} J uleya pue 5
UILUELIA JO UOITEAIS IUILUPY
sdnosf omy

Ol papiAp SEM LIIym

BlqEIY
IPNES |LE0e
“le e pieyy
‘UBLIEING Y

_m\..:oma_mokmmm
uoyoo

uel] *rmom “le
18 UlUBZEN
BN

104

BUIYD
20z e
10H 18 Bued "ni

BUyD

‘LEOE e

aAnoadsonjey 1@ Buidoeyg
Hoyoo ‘Busyz
AevanL

L20g e

aAnoadsoneay 12 10eBinaey
Hoyoo ‘BUNS

uel| ‘Lgog
e 1@ esnoyy

104 ‘PIEjIWENBH

3

ok




(sonoigqnue prepuels
Jayjo) uonduosesd
0} uonippe

Jewiuiw Aluo Jo

ou yum ‘Aepsasop
21 (p00

=d) swoydwAs
SjeJapow o} pjiw

umouyun Bunead ul anjoay3
(69000

sdnosb yog =d) 3 UlweyA
ul Buywon Al Unm dnoaf
pue ‘e@sneu ayj ul Manooel
‘BaylEIq Jeysey Apueoyubig

(enbiey Jo ‘yreauq
JO SSBUHOYS ‘1ana)
dnoif wmrcu:m swodwAs

D UlwepA J0ponanpal) dnosb
sy u sdweis  pajean; sy Ul (SH°0
UoBWO}S =d) asuaiayp

puE ‘EBYLE|p weayubis
‘BOSNEN OU SEM 818y |

fewud

Aewud

Aewugd

sfep g

shep 1

shep oL

NI 000 @ UIWEBLIA
Bw goo | 1D uwenA
Buw gz :ouz

(shep

9 xau auy uo fep
Jad sawy ¢ papivp)
By/Bw 0oL (Aep
1811} 8yl uo sawin

¥ Aq papiaip) By/Bw
0§ 'D ulwepp

N1 000S @ Uuep
B gg ;eI ouIZ

(Rep e sewn g-g)

O unweyna Bw poog
fepiad ouiz Bw gg

=TTe)

2
ujwENA
Al

ouz

[ei0

sbBnip D10

uanf jou a1em || dnoug

(auyofofxop

puE ‘y1ofwoiynze ‘auisk|
- |

UILIBHA “0) UWEYIA “OUIZ)

010 uanB asem | dnoun

uinb ‘g uweya ‘g

£ UIWENA

uanb alam sdnolb e +
D Al pue "auiz

‘WZY ‘DOH ‘1l dnoig
2UIZ ‘WZV ‘'DOH 1 dnaun

Tm:oo:_m ourz
pue J uiweyp Al dnoig
1euoan|B ouz i) dnoug

o ulwEeNA || dnog
(rean-nue)

el Adessyy prepuels i) dnoun

sxe|Aydod

PUE JUSLUTEE]

se sjanpoid (910)
181UNoo By} Jano uanb
alam s[enpInpUl gL L

sdnoib
OM} OJUl PBpINP B48m
sjuaned 61-pnoD LE2

sdnoib
IN0j} OJU| pEPINP Blam
suaned §1-pIn0D #12

BIlEWY
Jo seleg
Tm.__c: ‘teoe
e 1@ uoan

Hoyoo ‘unjobrew

Aaspan]

pue BENSnYy

‘LEOE ‘e

10H ¥ _L:mv_ ‘paid

EJBWY
O seelg

Tm__c_:_ ‘Leoe

“le e Blng

104 ‘SEWOoY L

vl

gl

13




DISCUSSION

This systematic review assessed studies
related to the effectiveness, dosage), and sidel effects
of vitamin C administration either alone ‘or in
combination up to April 25, 2022. Based on these
results, eight of the] 14 studies showed notable results
according to the significant values obtained from the
statistical test.

The effectiveness of vitamin C on outcomes in
Covid-19 patients

The first outcome was the duration of
hospitalization, and five studies assessed the
variable duration of hospitalization as an outcome of
the effectiveness of the therapy given. The meta-
analysis results showed that the results were
insignificant (p= 0.87). One of the studies'" found that
giving 1V vitamin C at a dose of 50 mg/kg BW/day
significantly (p=0.0001) could reduce the duration of
hospitalization by six to ten days faster than in the
control group. A prior study®? supported this finding
and revealed that administering a combination of oral
vitamin C at a dose of 100 mg per day, vitamin D, and
zinc showed a significant (p = 0.00069) reduction in
the duration of hospitalization compared to the control
group. However, not all measurements of normal
levels in the blood are carried out either before or
after supplementation. Consequently, it cannot
determine whether the levels in the blood are within
normal limits.

The second outcome was symptoms, and
five studies assessed this variable as an outcome of
the effectiveness of the therapy given. The results of
the study'® explained that giving IV vitamin C
significantly (p=0.001) could reduce symptoms in the
form of fever. This statement is in line with other
studies'"2223, which found that giving IV vitamin C
significantly (p<0.05) could reduce symptoms in the
form of fever and the duration of pain was shorter
than in the control group.

The third outcome was mortality, and two
studies showed a decrease in mortality rates''s.
These studies showed significantly reduced mortality
(p= 0.03 and p= 0.05) in the treatment group. The

meta-analysis results for mortality outcomes showed
significant results (p = 0.04) in the sub-group using
oral vitamin C in asymptomatic to moderately
symptomatic Covid-19 patients. Compared with the
previous meta-analysis?>?, it was explained that the
administration of vitamin C did not affect Covid-19
patients. The distinction between the findings of
previous studies and our study could be due to
differences in research design. The prior study only
used one study design, RCT. Other causes were
found in the outcomes assessed?’ 2. Both studies
used the outcome of using mechanical ventilation and
duration of stay in the ICU. The patient's condition
was already severe, making the effectiveness of a
supplement decrease, therefore could give
insignificant results. ?* Another reason for the
difference in results could be due to many factors
such as clinical classification of patients, advanced
age, and comorbidities which are groups prone to
worsening symptoms and even death. Comorbidities
that aggravate the patient's condition include
metabolic diseases, for instance, diabetes mellitus
and hypertension, a history of smoking, and chronic
lung disease (asthma, COPD, and chronic bronchitis).

Therapeutic e, method| of administration, and

'1ratior1 of “vitamin C on
outcomes for Covid-19 patienis

duration of admi

a dose of 500-1000 mg and 8000 mg pe | I\/I
administration of vitamin C was used in other
studies01216-18.2229 sing doses of 1.3 grams per day,
2-12 grams per day, 50 mg/kg BW/day, and 100
mg/kg BW/day. Oral vitamin C available in 100 mg,
250 mg, 500 mg, and 1000 mg, while for IV solutions
are available in 100 mg/ml and 200 mg/ml."®

In general, dosing to get maximum results
with minimal side effects needs to be considered
based on the history of the disease, individual needs,
over-the-counter drugs, and the costs involved.
Based on cost-effective considerations, oral
administration of vitamin C with a dose range of 500-
1000 mg was significantly (p= 0.04) effective for

7




reducing mortality in asymptomatic Covid-19 patients
to Covid-19 patients with moderate symptoms.

Side effects of vitamin C on outcomes for Covid-
19 patients
Three of thel 14 studies stated that there were

side effects. These studies '>2"2 conveyed similar
side effects of vitamin C both orally and V. Side
effects manifested in digestive disorders include
nausea, diarrhea, stomach cramps, and vomiting. |
administration of vitamin C still causes indigestion
even though it is not as common as oral
administration. *® Digestive disorders in Covid-19
patients often occur because the ACE2 receptor is
expressed in numerous body tissues. The digestive
organs are receptors for the SARS-CoV-2 virus,
which will activate ACE2 receptors in the digestive
tract in the early stages of infection and cause
digestive disorders. However, in the next phase, the
symptoms of indigestion will decrease. On the
condition that side effects arise, it is recommended to
discontinue vitamin C since gastrointestinal
disturbances might induce changes in gut microbes
and increase pro-inflammatory cytokines.®' Other
side effects are lymphopenia, leukopenia, ARDS,
shock, and sepsis. However, it has been confirmed
that these side effects are not related to the
administration of vitamin C.12

Apart from determining the dose and method
of administering the drug, it is essential to consider
the side effects due to supplementation. Multiple
factors can induce side effects when consuming
supplements, including the patient's medical history,
such as gastritis, the degree of disease, reactions
that may arise from each component, and the
synergistic effect of the drug. The physician and other
health professionals must ascertain this point to
determine which factor these side effects emerge.
Whether it is purely due to supplementation in the
absence of other factors, the supplementation
administration should be reconsidered. *2

This systematic review is not without limitations,
such as the limited number of similar study designs,
thus using a combination of RCT and cohort study

designs. Furthermore, not all studies include
complete data, such as data on expected levels of
vitamin C in human blood samples, follow-up data for
patients after treatment, and strategies for dealing
with lost follow-up patients. Lastly, there is
heterogeneity in the meta-analytical assessment of
IV vitamin C due to the heterogeneous population.
Despite these limitations, our study engaged a
plentiful entry consisting of 2,870 participants from
fourteen studies with a low risk of bias from all articles.

CONCLUSIOh1

Based on the meta-analysis conducted in this
study, we found that orall administration of vitamin C
has a significant effect (p= 0.04) on the mortality rate
of Covid-19 patients, and the use of IV vitamin C
showed no significant effect (p=0.87) or*the duration
of hospitalization for Covid-19 patients. Other
outcomes, in particular symptoms, can not measure
the effectiveness of therapy due to the limitations of
the participants involved in the study. In consideration
of cost-effectiveness, oraJ administration of vitamin C
with a dosage range of 500-1000 mg demonstrated
efficacy] in reducing mortality rates in Covid-19
patients. Side effects due to supplementation
consumption include digestive disorders such as
nausea, diarrhea, stomach cramps, and vomiting.
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the.
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Missing "," You may need to place a comma after this word.
Missing "," You may need to place a comma after this word.

Frag. This sentence may be a fragment or may have incorrect punctuation. Proofread the
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Sp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.
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SPp. This word is misspelled. Use a dictionary or spellchecker when you proofread your
work.
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Article Error You may need to use an article before this word.

Article Error You may need to use an article before this word. Consider using the article
the.

P/V You have used the passive voice in this sentence. Depending upon what you wish to
emphasize in the sentence, you may want to revise it using the active voice.

Article Error You may need to use an article before this word.
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