
Intravenous Vitamin C for Patients Hospitalized With COVID-19
Two Harmonized Randomized Clinical Trials
The LOVIT-COVID Investigators, on behalf of the Canadian Critical Care Trials Group, and the REMAP-CAP Investigators

IMPORTANCE The efficacy of vitamin C for hospitalized patients with COVID-19 is uncertain.

OBJECTIVE To determine whether vitamin C improves outcomes for patients with COVID-19.

DESIGN, SETTING, AND PARTICIPANTS Two prospectively harmonized randomized clinical trials
enrolled critically ill patients receiving organ support in intensive care units (90 sites) and
patients who were not critically ill (40 sites) between July 23, 2020, and July 15, 2022, on 4
continents.

INTERVENTIONS Patients were randomized to receive vitamin C administered intravenously
or control (placebo or no vitamin C) every 6 hours for 96 hours (maximum of 16 doses).

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of organ
support–free days defined as days alive and free of respiratory and cardiovascular organ
support in the intensive care unit up to day 21 and survival to hospital discharge. Values
ranged from –1 organ support–free days for patients experiencing in-hospital death to 22
organ support–free days for those who survived without needing organ support. The primary
analysis used a bayesian cumulative logistic model. An odds ratio (OR) greater than 1
represented efficacy (improved survival, more organ support–free days, or both), an OR less
than 1 represented harm, and an OR less than 1.2 represented futility.

RESULTS Enrollment was terminated after statistical triggers for harm and futility were met.
The trials had primary outcome data for 1568 critically ill patients (1037 in the vitamin C group
and 531 in the control group; median age, 60 years [IQR, 50-70 years]; 35.9% were female)
and 1022 patients who were not critically ill (456 in the vitamin C group and 566 in the
control group; median age, 62 years [IQR, 51-72 years]; 39.6% were female). Among critically
ill patients, the median number of organ support–free days was 7 (IQR, −1 to 17 days) for the
vitamin C group vs 10 (IQR, −1 to 17 days) for the control group (adjusted proportional OR,
0.88 [95% credible interval {CrI}, 0.73 to 1.06]) and the posterior probabilities were 8.6%
(efficacy), 91.4% (harm), and 99.9% (futility). Among patients who were not critically ill, the
median number of organ support–free days was 22 (IQR, 18 to 22 days) for the vitamin C
group vs 22 (IQR, 21 to 22 days) for the control group (adjusted proportional OR, 0.80 [95%
CrI, 0.60 to 1.01]) and the posterior probabilities were 2.9% (efficacy), 97.1% (harm), and
greater than 99.9% (futility). Among critically ill patients, survival to hospital discharge was
61.9% (642/1037) for the vitamin C group vs 64.6% (343/531) for the control group (adjusted
OR, 0.92 [95% CrI, 0.73 to 1.17]) and the posterior probability was 24.0% for efficacy. Among
patients who were not critically ill, survival to hospital discharge was 85.1% (388/456) for the
vitamin C group vs 86.6% (490/566) for the control group (adjusted OR, 0.86 [95% CrI, 0.61
to 1.17]) and the posterior probability was 17.8% for efficacy.

CONCLUSIONS AND RELEVANCE In hospitalized patients with COVID-19, vitamin C had low
probability of improving the primary composite outcome of organ support–free days and
hospital survival.

TRIAL REGISTRATION ClinicalTrials.gov Identifiers: NCT04401150 (LOVIT-COVID) and
NCT02735707 (REMAP-CAP)
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A s of October 2023, the World Health Organization re-
ported 771 million cases and 6.96 million deaths due
to COVID-19.1 For hospitalized patients, immunomodu-

latory and antiviral therapies are effective but imperfect,2 and
global availability remains disparate.3

Vitamin C is widely available and its use in patients with
septic shock increased before the COVID-19 pandemic4 until
clinical trials failed to demonstrate benefit.5-7 At the begin-
ning of the COVID-19 pandemic, a World Health Organization
report8 highlighted the use of vitamin C as a potential immu-
nomodulatory agent. Vitamin C attenuates oxidative stress and
microvascular thrombosis,9 which are features of COVID-19,
and hospitalized patients with COVID-19 were found to have
low serum vitamin C levels.10 A meta-analysis11 of trials in-
cluding patients with COVID-19 reported that vitamin C may
reduce hospital mortality.

Two initially separate randomized clinical trials were
harmonized to investigate the effect of intravenous vitamin
C on need for organ support and hospital survival in hospi-
talized patients with COVID-19, hypothesizing that vitamin
C would increase the number of days alive and free of organ
support.

Methods
Trial Design
Before recruitment commenced, the investigators harmo-
nized and decided to pool data from 2 randomized clinical trials
designed to evaluate the same vitamin C regimen. The Less-
ening Organ Dysfunction with Vitamin C for COVID-19 (LOVIT-
COVID) trial was initially designed as a frequentist blinded trial
with enrollment occurring in Canada. The Randomized, Em-
bedded, Multifactorial Adaptive Platform Trial for Community-
Acquired Pneumonia (REMAP-CAP) trial is an international,
adaptive unblinded platform trial in patients with severe
pneumonia.12 This report includes patients enrolled in the
COVID-19 stratum of the REMAP-CAP trial.

Both trials prospectively adopted the same interven-
tion, outcomes, statistical analysis plan, and reporting, but
the control groups were different. The LOVIT-COVID trial
used a placebo for the control group and the REMAP-CAP
trial used no vitamin C for the control group. Development
of the harmonized trial and essential details of the LOVIT-
COVID and REMAP-CAP trials appear in Supplement 1
(eMethods and eTable 1). The protocols for each trial and the
harmonized statistical analysis plan appear in Supple-
ment 2.

The research ethics committee and regulatory authority
in each jurisdiction approved the trial protocols. Informed
consent was obtained (either before or after randomization)
from all patients or their surrogates in accordance with
applicable laws. Each trial had a steering committee (with
co-chairs common between the 2 trials). Separate interim
analyses were conducted for each trial, which did not incor-
porate data from the other trial, but the data and safety
monitoring boards exchanged information regarding respec-
tive trial progress.

Patients
Eligible patients were adults admitted to the hospital with sus-
pected or proven COVID-19. Patients admitted to an intensive
care unit and receiving respiratory or cardiovascular organ sup-
port at the time of randomization were classified as critically
ill and all others as not critically ill. This prospective classifi-
cation was undertaken because of previous reports suggest-
ing differential treatment effects in these 2 populations.13-15

Respiratory support was defined by receipt of invasive ven-
tilation, noninvasive ventilation, or high-flow nasal oxygen and
cardiovascular support by a vasopressor or inotrope infu-
sion. In the LOVIT-COVID trial, critically ill patients were en-
rolled while receiving respiratory support; receipt of cardio-
vascular support at baseline was an exclusion criterion. Detailed
selection criteria appear in the eMethods in Supplement 1.

To account for observed racial and ethnic differences in
outcomes during the pandemic, the REMAP-CAP trial col-
lected self-reported race and ethnicity from either partici-
pants or their surrogates, according to each region’s stan-
dards. Data on race and ethnicity were not collected in the
LOVIT-COVID trial.

Randomization, Interventions, and Follow-Up
Randomization in both trials was concealed via separate com-
puter-based randomization systems (Figure 1). Patients in the
LOVIT-COVID trial were assigned in a 1:1 ratio to vitamin C or
placebo stratified by site. In the REMAP-CAP trial, random-
ization was stratified by status (critically ill vs not critically ill),
and patients could participate in other domains (eTable 2 in
Supplement 1). The initial randomization ratio was 1:1 for vi-
tamin C and no vitamin C, with patients subsequently as-
signed preferentially to the treatment group that appeared
more favorable after each adaptive analysis (additional de-
tails appear in the trial protocol in Supplement 2).

In both trials, patients in the intervention group received
vitamin C (50 mg/kg of body weight administered intrave-
nously over 30-60 minutes every 6 hours for 96 hours; the
maximum was 16 doses). All sites used locally available vita-
min C formulations (eMethods in Supplement 1). In the LOVIT-
COVID trial, glucose monitoring for patients receiving insulin
or oral hypoglycemic agents was protocolized to account for
the interference of vitamin C with bedside glucometers

Key Points
Question Does vitamin C administered intravenously to patients
hospitalized with COVID-19 improve organ support–free days
(composite outcome of in-hospital mortality and days alive and
free of intensive care unit–based respiratory and cardiovascular
support) up to day 21?

Findings In 2 prospectively harmonized randomized clinical trials,
the use of vitamin C vs control (placebo or no vitamin C) yielded
posterior probabilities for efficacy of 8.6% among 1568 critically ill
patients and 2.9% among 1022 patients who were not critically ill
regarding the odds of improvement for organ support–free days.

Meaning Among hospitalized patients with COVID-19, there was a
low probability that vitamin C improved organ support–free days.

Research Original Investigation Intravenous Vitamin C for Patients Hospitalized With COVID-19

1746 JAMA November 14, 2023 Volume 330, Number 18 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by guest on 12/03/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407


Fi
gu

re
1.

Fl
ow

of
Pa

tie
nt

sT
hr

ou
gh

th
e

H
ar

m
on

iz
ed

Tr
ia

lI
nc

lu
di

ng
th

e
LO

VI
T-

CO
VI

D
Tr

ia
la

nd
th

e
Vi

ta
m

in
C

D
om

ai
n

of
th

e
RE

M
AP

-C
AP

Tr
ia

l

78
00

In
el

ig
ib

le
 o

r n
ot

 a
ss

es
se

d 
fo

r v
ita

m
in

 C
 d

om
ai

n 
(a

ss
ig

ne
d 

to
 a

n 
in

te
rv

en
tio

n 
in

 a
no

th
er

 d
om

ai
n)

b

72
01

Si
te

 n
ot

 a
ct

iv
e 

fo
r v

ita
m

in
 C

 d
om

ai
n

59
9

As
se

ss
ed

 fo
r v

ita
m

in
 C

 d
om

ai
n

28
0

>2
4 

h 
si

nc
e 

ad
m

is
si

on
 to

 IC
U

15
1

Pr
os

pe
ct

iv
e 

co
ns

en
t d

ec
lin

ed
 o

r n
ot

 o
bt

ai
ne

d
10

4
Pa

rt
ic

ip
at

io
n 

no
t c

on
si

de
re

d 
to

 b
e 

in
 th

e 
pa

tie
nt

’s 
be

st
 in

te
re

st
29

Co
nt

ra
in

di
ca

tio
n 

to
 a

ge
nt

s i
n 

do
m

ai
n

25
Re

ce
iv

ed
 v

ita
m

in
 C

 in
tr

av
en

ou
sl

y 
du

rin
g 

ho
sp

ita
l a

dm
is

si
on

32
O

th
er

 re
as

on

10
37

Vi
ta

m
in

 C
 fo

r c
rit

ic
al

ly
 il

l w
ith

 c
om

pl
et

e
fo

llo
w

-u
p 

fo
r p

rim
ar

y 
ou

tc
om

e
95

3
Fr

om
 v

ita
m

in
 C

 d
om

ai
n 

of
 R

EM
AP

-C
AP

84
Fr

om
 L

OV
IT

-C
OV

ID

45
6

Vi
ta

m
in

 C
 fo

r n
ot

 c
rit

ic
al

ly
 il

l w
ith

 c
om

pl
et

e
fo

llo
w

-u
p 

fo
r p

rim
ar

y 
ou

tc
om

e
35

0
Fr

om
 v

ita
m

in
 C

 d
om

ai
n 

of
 R

EM
AP

-C
AP

10
6

Fr
om

 L
OV

IT
-C

OV
ID

53
1

Co
nt

ro
l f

or
 c

rit
ic

al
ly

 il
l w

ith
 c

om
pl

et
e

fo
llo

w
-u

p 
fo

r p
rim

ar
y 

ou
tc

om
e

43
4

Fr
om

 v
ita

m
in

 C
 d

om
ai

n 
of

 R
EM

AP
-C

AP
c

97
Fr

om
 L

OV
IT

-C
OV

ID

56
6

Co
nt

ro
l f

or
 n

ot
 c

rit
ic

al
ly

 il
l w

ith
 c

om
pl

et
e

fo
llo

w
-u

p 
fo

r p
rim

ar
y 

ou
tc

om
e

46
9

Fr
om

 v
ita

m
in

 C
 d

om
ai

n 
of

 R
EM

AP
-C

AP
97

Fr
om

 L
OV

IT
-C

OV
ID

84
Ha

d 
co

m
pl

et
e

fo
llo

w
-u

p 
fo

r
pr

im
ar

y 
ou

tc
om

e

97
Ha

d 
co

m
pl

et
e

fo
llo

w
-u

p 
fo

r
pr

im
ar

y 
ou

tc
om

e

97
Ha

d 
co

m
pl

et
e

fo
llo

w
-u

p 
fo

r
pr

im
ar

y 
ou

tc
om

e

10
6

Ha
d 

co
m

pl
et

e
fo

llo
w

-u
p 

fo
r

pr
im

ar
y 

ou
tc

om
e

95
3

Ha
d 

co
m

pl
et

e
fo

llo
w

-u
p 

fo
r

pr
im

ar
y 

ou
tc

om
e

35
0

Ha
d 

co
m

pl
et

e
fo

llo
w

-u
p 

fo
r

pr
im

ar
y 

ou
tc

om
e

43
4

Ha
d 

co
m

pl
et

e
fo

llo
w

-u
p 

fo
r

pr
im

ar
y 

ou
tc

om
e

46
9

Ha
d 

co
m

pl
et

e
fo

llo
w

-u
p 

fo
r

pr
im

ar
y 

ou
tc

om
e

39
2

Ra
nd

om
iz

ed

12
 4

31
Ex

cl
ud

ed
a

84
63

In
el

ig
ib

le
 fo

r p
la

tf
or

m
24

79
Si

te
 n

ot
 a

ct
iv

e 
fo

r v
ita

m
in

 C
 d

om
ai

n 
an

d 
no

t e
nr

ol
le

d 
in

 a
no

th
er

 d
om

ai
n

88
9

>2
4 

h 
si

nc
e 

ad
m

is
si

on
 to

 IC
U

56
0

Pr
os

pe
ct

iv
e 

co
ns

en
t d

ec
lin

ed
 o

r n
ot

 o
bt

ai
ne

d
17

9
Pa

rt
ic

ip
at

io
n 

no
t c

on
si

de
re

d 
to

 b
e 

in
 th

e 
pa

tie
nt

’s 
be

st
 in

te
re

st
50

Co
nt

ra
in

di
ca

tio
n 

to
 a

ge
nt

s i
n 

do
m

ai
n

16
35

Ex
cl

ud
ed

51
0

>2
4 

h 
el

ap
se

d 
si

nc
e 

re
ce

ip
t o

f n
on

in
va

si
ve

 v
en

til
at

or
y 

su
pp

or
t o

r i
nv

as
iv

e 
m

ec
ha

ni
ca

l v
en

til
at

io
n

44
3

W
er

e 
re

ce
iv

in
g 

or
 h

ad
 re

ce
iv

ed
 v

as
op

re
ss

or
s d

ur
in

g 
cu

rr
en

t h
os

pi
ta

liz
at

io
n

18
7

Pa
tie

nt
 o

r s
ur

ro
ga

te
 d

ec
is

io
n-

m
ak

er
 d

ec
lin

ed
 c

on
se

nt
14

3
Ex

pe
ct

ed
 to

 b
e 

di
sc

ha
rg

ed
 fr

om
 h

os
pi

ta
l w

ith
in

 2
4 

h
80

Tr
ea

tin
g 

ph
ys

ic
ia

n 
de

cl
in

ed
 c

on
se

nt
29

>1
4 

d 
si

nc
e 

ho
sp

ita
l a

dm
is

si
on

 fo
r r

es
pi

ra
to

ry
 il

ln
es

s
28

Pr
eg

na
nt

 o
r b

re
as

tf
ee

di
ng

25
Ex

pe
ct

ed
 to

 d
ie

 w
ith

in
 4

8 
h

19
0

O
th

er
 re

as
on

Vi
ta

m
in

 C
 d

om
ai

n 
of

 R
EM

AP
-C

AP

22
 4

52
Ad

ul
ts

 h
os

pi
ta

liz
ed

 w
ith

 su
sp

ec
te

d 
or

 c
on

fir
m

ed
 C

OV
ID

-1
9 

on
 o

r b
ef

or
e 

Ju
ly

 1
5,

 2
02

2,
 w

er
e 

as
se

ss
ed

 fo
r e

lig
ib

ili
ty

LO
VI

T-
CO

VI
D

20
27

Ad
ul

ts
 h

os
pi

ta
liz

ed
 w

ith
 c

on
fir

m
ed

 C
OV

ID
-1

9 
w

er
e 

as
se

ss
ed

 fo
r e

lig
ib

ili
ty

19
4

Ra
nd

om
iz

ed
 to

 re
ce

iv
e 

vi
ta

m
in

 C
19

8
Ra

nd
om

iz
ed

 to
 re

ce
iv

e 
co

nt
ro

l
13

10
Ra

nd
om

iz
ed

 to
 re

ce
iv

e 
vi

ta
m

in
 C

91
1

Ra
nd

om
iz

ed
 to

 re
ce

iv
e 

co
nt

ro
l

22
21

Ra
nd

om
iz

ed
 in

 R
EM

AP
-C

AP
 v

ita
m

in
 C

 d
om

ai
n

10
 0

21
Ra

nd
om

iz
ed

 in
to

 ≥
1 

RE
M

AP
-C

AP
 d

om
ai

n

47
2

No
t c

rit
ic

al
ly

 il
l

3
Ex

cl
ud

ed
 (w

ith
dr

ew
co

ns
en

t)

84
Cr

iti
ca

lly
 il

l
11

0
No

t c
rit

ic
al

ly
 il

l
4

Ex
cl

ud
ed

3
No

t e
lig

ib
le

 p
er

ad
ju

di
ca

tio
n 

by
st

ee
rin

g 
co

m
m

itt
ee

1
W

ith
dr

ew
 c

on
se

nt

10
0

No
t c

rit
ic

al
ly

 il
l

3
Ex

cl
ud

ed
 (n

ot
 e

lig
ib

le
pe

r a
dj

ud
ic

at
io

n 
by

st
ee

rin
g 

co
m

m
itt

ee
)

98
Cr

iti
ca

lly
 il

l
1

Ex
cl

ud
ed

 (n
ot

 e
lig

ib
le

pe
r a

dj
ud

ic
at

io
n 

by
st

ee
rin

g 
co

m
m

itt
ee

)

35
3

No
t c

rit
ic

al
ly

 il
l

3
Ex

cl
ud

ed
 (w

ith
dr

ew
co

ns
en

t)

43
9

Cr
iti

ca
lly

 il
l

5
Ex

cl
ud

ed
4

W
ith

dr
ew

 c
on

se
nt

1
O

ut
co

m
e

un
av

ai
la

bl
e

95
7

Cr
iti

ca
lly

 il
l

4
Ex

cl
ud

ed
 (w

ith
dr

ew
co

ns
en

t)

Ad
di

tio
na

ld
et

ai
ls

ap
pe

ar
in

eF
ig

ur
es

2-
3

in
Su

pp
le

m
en

t1
.I

CU
in

di
ca

te
si

nt
en

siv
e

ca
re

un
it.

a M
ay

ha
ve

be
en

ex
cl

ud
ed

fo
rm

or
e

th
an

1r
ea

so
n.

b
O

ft
he

se
78

0
0

ad
ul

ts
,7

21
2

w
er

e
us

ed
fo

rc
ov

ar
ia

te
ad

ju
st

m
en

t.
c O

ne
ad

di
tio

na
lp

ar
tic

ip
an

th
ad

m
iss

in
g

pr
im

ar
y

ou
tc

om
e

da
ta

.

Intravenous Vitamin C for Patients Hospitalized With COVID-19 Original Investigation Research

jama.com (Reprinted) JAMA November 14, 2023 Volume 330, Number 18 1747

© 2023 American Medical Association. All rights reserved.

Downloaded from jamanetwork.com by guest on 12/03/2024

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2023.21407?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.21407


(eMethods in Supplement 1). In the REMAP-CAP trial, clini-
cian adherence to the glucose monitoring protocol was ad-
vised for all patients randomized to vitamin C. All other as-
pects of care were at the discretion of clinicians. Patients were
followed up while in the hospital, and survivors or their rela-
tives were contacted by telephone at 6 months (all patients in
the LOVIT-COVID trial and a subset of patients in the REMAP-
CAP trial) for additional outcomes.

Primary and Secondary Outcomes
The primary outcome was a composite of an ordinal measure
of organ support–free days defined as days alive and free of re-
spiratory and cardiovascular organ support in the intensive care
unit up to day 21 and survival to hospital discharge. This hos-
pital-based outcome is associated with 180-day survival.16

Deaths within the hospital were assigned the worst outcome
(–1 organ support–free days). Among hospital survivors, respi-
ratory and cardiovascular organ support–free days were cal-
culated up to day 21; a higher number represents faster recov-
ery. Survival to hospital discharge was censored at 90 days.
Patients who were not critically ill and who survived without
needing any organ support were assigned the best outcome (22
organ support–free days).

Secondary outcomes were prespecified in the statistical
analysis plan (Supplement 2) and included death or persis-
tent organ dysfunction17 (receipt of invasive ventilation, a va-
sopressor infusion, or new kidney replacement therapy) at trial
day 28, which was the primary outcome in the LOVIT trial7 of
vitamin C in patients with sepsis.

The site investigators reported serious adverse events con-
sidered at least possibly related to a trial procedure to the co-
ordinating center and then to the data and safety monitoring
board and the national regulatory authorities as required. In
the LOVIT-COVID trial, data on hemolysis and hypoglycemia
were collected as safety outcomes. Additional in-hospital out-
comes collected only in the LOVIT-COVID trial and outcomes
after hospital discharge16 in both trials were not included in
the statistical analysis plan.

Statistical Analysis
After harmonization of both trials, scheduled interim analy-
ses of the LOVIT-COVID trial, with an original fixed sample size
of 800 participants, continued. In the REMAP-CAP bayesian
trial, which had no maximum sample size, adaptive analyses
were performed and response-adaptive randomization con-
tinued until reaching a predefined statistical trigger, initially
specified as efficacy, inferiority, and equivalence (see below
for definitions).

The statistical analysis plan for the harmonized trial speci-
fied that the trial outcomes would be reported from a merged
data set created after both trials had stopped (additional de-
tails appear in the eMethods in Supplement 1 and in the sta-
tistical analysis plan in Supplement 2). The analysis used bayes-
ian cumulative logistic models, which calculated posterior
probability distributions based on accumulated trial evi-
dence and a neutral prior distribution. Distinct treatment ef-
fects of vitamin C compared with control were estimated in
critically ill patients and patients who were not critically ill

using a hierarchical prior that dynamically borrowed informa-
tion between groups. The hierarchical prior distribution was
centered on an overall intervention effect estimated with a prior
assuming no treatment effect (a standard normal prior on the
log odds ratio [OR]).

The primary statistical model that was used to estimate the
effect of vitamin C on organ support–free days, and a similar
model that was used for hospital survival and 28-day death or
persistent organ dysfunction, adjusted for the trial (the LOVIT-
COVID trial vs the REMAP-CAP trial); eligibility and random-
ization to treatment domains within the REMAP-CAP trial; lo-
cation (site nested within each country); age (categorized into
6 groups); sex; and period (2-week calendar epochs) to ac-
count for changes in clinical care and outcomes during the pan-
demic. The statistical models were fit using a Markov chain
Monte Carlo algorithm that drew iteratively (20 000 draws)
from the joint posterior distribution.

There were no interaction terms for vitamin C and other
interventions. The model included patients enrolled in all other
domains of the REMAP-CAP trial, including those that re-
mained blinded, to provide robust estimation of the covari-
ate effects. Patients enrolled only outside the vitamin C do-
main in the REMAP-CAP trial did not contribute to estimates
for the treatment effect of vitamin C and contributed only to
estimates for the covariate effects. The statistical analysis com-
mittee conducted the analysis for patients with COVID-19 ran-
domized up to July 15, 2022.

Patients were analyzed according to group assignment and
the missing outcomes were not imputed. Posterior ORs with
95% credible intervals (CrIs) were calculated, with an OR
greater than 1 corresponding to vitamin C being superior to con-
trol. The probabilities of efficacy (OR >1), harm (OR <1), futil-
ity (OR <1.2), and equivalence (OR between 1/1.2 and 1.2) were
calculated.

For the primary outcome, an ordinal scale with 24 catego-
ries (worst category labeled as −1 [death] and best category of
alive with 21 days free of organ support labeled as 22), the OR
denotes the relative odds of being in the category with a label
greater than i vs i or less when i equals –1 to 21. The robust-
ness of the proportional odds assumption was assessed for the
primary ordinal regression model. For 90-day survival, and for
time to discharge outcomes, an adjusted hazard ratio with a
95% CrI was calculated.

The original predefined statistical triggers for trial conclu-
sions were based on posterior probabilities of efficacy (>99%;
an OR for vitamin C >1), inferiority (>99%; an OR <1), and
equivalence (>90%; an OR between 1/1.2 and 1.2). After the
LOVIT trial7 found vitamin C increased the risk of 28-day death
or persistent organ dysfunction in patients with sepsis, statis-
tical triggers for futility (>95%; an OR <1.2) and harm (>90%;
an OR <1) were added.

The sensitivity analyses for the primary outcome and 28-
day death or persistent organ dysfunction, and the analyses
of all secondary outcomes, used data from patients enrolled
in the REMAP-CAP trial domains that had stopped and were
unblinded at the time of analysis to inform covariate adjust-
ment. Additional sensitivity analyses with different analysis
populations, and prespecified subgroup analyses, appear in the
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statistical analysis plan in Supplement 2. One such analysis in-
cluded 63 patients with COVID-19 enrolled in the LOVIT trial.7

Data management and summaries were created using R
version 4.1.2 (R Foundation for Statistical Computing). The pri-
mary analysis was computed in R version 4.1.3 using the rstan
package version 2.21.0.

Results
Patients
The first patient was randomized in the LOVIT-COVID trial on
August 23, 2020, and in the vitamin C domain of the REMAP-
CAP trial on July 23, 2020. Both trials stopped recruitment on
July 15, 2022, as advised by their data and safety monitoring
boards because statistical triggers for futility and harm had been
met for both strata (critically ill and not critically ill) in the RE-
MAP-CAP trial. The interim analysis reports of both trials ap-
pear in the eResults in Supplement 1. The response-adaptive
randomization proportions over time in the REMAP-CAP trial
appear in eFigure 1 in Supplement 1.

Of 2613 randomized patients, 7 were determined to be in-
eligible, 15 withdrew consent for follow-up, and 1 critically ill
patient in the control group contributed baseline data but data
are missing for the primary outcome (Figure 1 and eFigures 2-3
in Supplement 1). The population for the primary statistical
model included 2590 randomized and evaluable patients, with
1493 patients assigned to vitamin C and 1097 assigned to con-
trol.

There were 1568 critically ill patients from 90 sites and 1022
patients who were not critically ill from 40 sites; 2206 had com-
plete follow-up data for the vitamin C domain of the REMAP-
CAP trial and 384 in the LOVIT-COVID trial. Two critically ill
patients included in the analysis withdrew consent for fol-
low-up but allowed the collected data to be used for the analy-
ses; their last known status was carried forward for the pri-
mary outcome. Accrual rates over time appear in eFigures 4-5
in Supplement 1. Covariate effects for the primary statistical
models included 9802 organ support–free days outcomes from
any REMAP-CAP trial domain and the LOVIT-COVID trial.

Baseline characteristics are reported in Table 1 and in
eTables 3-8 in Supplement 1. Patients were recruited from Asia
(34.7%), North America (28.5%), Europe (27.7%), and Austra-
lia (9.2%). Among critically ill patients, respiratory support at
enrollment included invasive ventilation (28.0%), noninva-
sive ventilation (36.2%), and high-flow nasal oxygen (35.1%).
Among patients who were not critically ill, most were not re-
ceiving respiratory support or only receiving low-flow oxy-
gen (90.7%). Most patients received corticosteroids (95.1%).
In the LOVIT-COVID trial, 96.1% of patients received 90% or
greater of the scheduled doses (eTable 9 in Supplement 1). In
the REMAP-CAP trial, 95.2% of patients did not experience a
treatment delivery–related deviation (eTable 10 in Supple-
ment 1).

Primary Outcome
Among critically ill patients, the median number of organ sup-
port–free days was 7 (IQR, –1 to 17 days) in the vitamin C group

vs 10 (IQR, –1 to 17 days) in the control group and the adjusted
proportional OR was 0.88 (95% CrI, 0.73 to 1.06), yielding a
posterior probability of 8.6% for efficacy of vitamin C therapy,
91.4% for harm, and 99.9% for futility (Table 2 and Figure 2).
Among patients who were not critically ill, the median num-
ber of organ support–free days was 22 (IQR, 18 to 22 days) in
the vitamin C group vs 22 (IQR, 21 to 22 days) in the control
group and the adjusted proportional OR was 0.80 (95% CrI,
0.60 to 1.01), yielding a posterior probability of 2.9% for effi-
cacy of vitamin C therapy, 97.1% for harm, and greater than
99.9% for futility (Table 3 and Figure 3).

Among critically ill patients, survival to hospital dis-
charge was 61.9% (642/1037) in the vitamin C group vs 64.6%
(343/531) in the control group and the adjusted OR was 0.92
(95% CrI, 0.73-1.17), yielding a posterior probability of 24.0%
for efficacy of vitamin C therapy, 76.0% for harm, and 98.4%
for futility. Among patients not critically ill, survival to hos-
pital discharge was 85.1% (388/456) in the vitamin C group vs
86.6% (490/566) in the control group and the adjusted OR was
0.86 (95% CrI, 0.61-1.17), yielding a posterior probability of
17.8% for efficacy of vitamin C therapy, 82.2% for harm, and
98.1% for futility.

Secondary Outcomes
Among critically ill patients, 90-day survival was 59.8% (617/
1032) in the vitamin C group vs 62.1% (328/528) in the control
group and the adjusted hazard ratio was 0.94 (95% CrI, 0.80-
1.11), yielding a posterior probability of 22.4% for efficacy of
vitamin C therapy (Table 2 and Figure 2). Among patients not
critically ill, 90-day survival was 81.5% (370/454) in the vita-
min C group vs 82.8% (466/563) in the control group and the
adjusted hazard ratio was 0.93 (95% CrI, 0.74-1.19), yielding a
posterior probability of 27.2% for efficacy of vitamin C therapy
(Table 3 and Figure 3). Survival to 28 days without persistent
organ dysfunction was similar in critically ill patients (ad-
justed OR, 0.90 [95% CrI, 0.72-1.12]; posterior probability of
16.4% for efficacy of vitamin C therapy; Table 2) and in pa-
tients not critically ill (adjusted OR, 0.92 [95% CrI, 0.68-
1.23]; posterior probability of 26.6% for efficacy of vitamin C
therapy; Table 3).

Posterior probabilities of efficacy for vitamin C therapy
were less than 33% for all other secondary outcomes (Tables 2
and 3 and eFigures 6-7 in Supplement 1). Serious adverse events
were reported in 1.8% of patients (27/1493) in the vitamin C
group and 0.8% of patients (9/1098) in the control group
(eTable 11 in Supplement 1). There were 4 serious adverse
events possibly or probably related to vitamin C, including 1
patient with methemoglobinemia, 2 patients with hypoglyce-
mia, and 1 patient with hemolytic anemia subsequently dis-
covered to have glucose-6-phosphate dehydrogenase defi-
ciency.

Sensitivity, Subgroup, and Exploratory Analyses
The sensitivity analyses of organ support–free days, hospital
survival, and 28-day mortality or persistent organ dysfunc-
tion using different analysis populations were consistent with
the primary analyses (eTables 12-14 in Supplement 1). The 95%
CrIs were wider in the LOVIT-COVID trial compared with the
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REMAP-CAP trial; there was no convincing evidence of diver-
gent effect estimates (eTable 15 in Supplement 1).

There were no differential effects among subgroups
(eTable 16 in Supplement 1). The exploratory analyses showed
that the in-hospital mortality rates by group in the REMAP-
CAP trial shifted over time (eFigures 8a-8b in Supplement 1),
with the effect of vitamin C on organ support–free days vary-
ing over successive periods defined by randomization ratio
(eTable 17 in Supplement 1). The post hoc analyses of treat-
ment effect by continent and by dominant SARS-CoV-2 strain
by month in each country of enrollment did not explain this
variation (eTables 18-19 in Supplement 1).

Discussion
In this large, harmonized, multinational randomized clinical
trial, vitamin C administered to hospitalized patients with

COVID-19 did not improve organ support–free days or hospi-
tal survival. On the contrary, there were high posterior prob-
abilities (>90% for organ support–free days and >75% for hos-
pital survival) that vitamin C worsened both outcomes in
critically ill patients and those not critically ill. These effects
were consistent across predefined subgroups and in the sen-
sitivity analyses.

The regimen of vitamin C was based on a previous trial in-
cluding patients with sepsis that showed sustained elevation
of serum vitamin C levels over the treatment course, in addi-
tion to lower mortality, which was a secondary outcome.19 The
results from the current study, which included both a criti-
cally ill population with mainly COVID-19 respiratory failure
and a population that was not critically ill, are consistent with
the LOVIT trial7 that included patients with sepsis who were
treated with vasopressors. Existing analyses do not elucidate
the mechanisms of harm, and while future biomarker analy-
ses from the LOVIT-COVID trial may be informative, as shown

Figure 2. Critically Ill Patients in the Harmonized Trial of Vitamin C vs Control for Those Hospitalized With COVID-19
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in a secondary analysis of convalescent plasma in the REMAP-
CAP trial,20 the same biomarkers measured in the LOVIT trial7

were comparable between the vitamin C and placebo groups.
A meta-analysis of 9 trials11 (the largest included trial random-
ized 100 patients) found a reduced odds of mortality in pa-
tients with COVID-19 receiving vitamin C. These divergent re-
sults may be explained by the more extreme effects observed
in the small trials.21

Several methodological issues are noteworthy. First, the
initial decision to limit statistical stopping triggers for effi-
cacy, inferiority, and equivalence facilitated investigation of
a small potential treatment benefit. Although the current re-
sults do not exclude the possibility of any beneficial effect of
vitamin C in COVID-19, it is more likely that vitamin C is inef-
fective or harmful.

Second, the current study provides separate effects of vi-
tamin C in critically ill patients and those who were not criti-

cally ill and is consistent with the study’s design. An alterna-
tive approach would have included all randomized patients and
may have generated a more precise overall treatment effect,
with testing for a subgroup effect. Nonetheless, the current
model allowed for statistical borrowing between critically ill
and noncritically ill strata, thus mitigating the loss of statisti-
cal power.

Third, the treatment effect for the primary outcome is
presented in relative terms rather than as an absolute differ-
ence, which is better suited to shared decision-making. The
difference of 1.5 organ support–free days22 is considered
minimally important by the US Food and Drug Administra-
tion, but patients’ views are unknown.

Fourth, response-adaptive randomization in the REMAP-
CAP trial, which was designed to favor assignment to the group
with superior outcomes at the interim analyses, led to 69% of
critically ill patients being assigned to vitamin C despite lack

Figure 3. Patients Who Were Not Critically Ill in the Harmonized Trial of Vitamin C vs Control for Those Hospitalized With COVID-19
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of efficacy in both strata. This situation arose because early re-
sults in critically ill patients favored vitamin C, without reach-
ing a statistical trigger, with the final adaptive analysis con-
ducted 10 months after the penultimate one due to
implementation of new processes for international data flow.
During this period, more than 50% of enrollment occurred,
without changes to domain selection criteria or trial proce-
dures. The final adaptive analysis reported a reversed direc-
tion of treatment effect, which was unexplained in the post
hoc analyses, underscoring the early instability of treatment
effect estimates in trials.23-25 Because the inferiority trigger was
never reached, the REMAP-CAP trial may have continued, even
if adaptive analyses had been conducted more frequently, un-
til harm and futility triggers were introduced due to external
evidence.7 Options for avoiding this situation include fre-
quent adaptive analyses and forcing the randomization ratio
to remain closer to 1:1.26,27

Strengths of this report include selection of a vitamin C
regimen based on promising initial evaluations,19,28 excel-
lent treatment adherence and follow-up, and enhanced gen-
eralizability based on enrollment in broad geographic
areas.29

Limitations
This trial has several limitations, some of which may poten-
tially be addressed in future analyses. First, this report com-
bines data from 2 trials that were designed differently in an at-
tempt to improve efficiency and reduce waste in COVID-19
pandemic research.30

Second, fewer patients were enrolled in the placebo-
controlled LOVIT-COVID trial and receipt of differential post-
randomization care was possible for patients enrolled in the
open-label REMAP-CAP trial.

Third, the analyses showing comparable treatment ef-
fects in these 2 trials were underpowered. Fourth, the data on
individual participant vaccination status, the vitamin C prod-
uct received, and the baseline vitamin C level were unavail-
able to inform subgroup analyses; however, a subgroup analy-
sis by baseline vitamin C level in the LOVIT trial7 was
uninformative.

Conclusions
In hospitalized patients with COVID-19, vitamin C had low prob-
ability of improving the primary composite outcome of organ
support–free days and hospital survival.
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