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The use of vitamin C for treatment of patients with sepsis has
generated substantial interest and controversy. In 2017, a single-
center observational study suggested that the combination of
high-dose vitamin C, thiamine, and hydrocortisone in con-

junction with usual care was
associated with reduced mor-
tality (8.5% for combination

treatment vs 40.4% for control).1 Despite the small sample size
(94 patients), lack of concurrent controls and randomization,
and important baseline imbalances between study groups, the
study garnered significant attention. There were reports that
some physicians were keen to adopt the strategy as part of rou-
tine practice, even though this approach had not been tested
in a rigorous clinical trial.

In this issue of JAMA, Fujii and colleagues2 report the find-
ings from a randomized clinical trial (RCT) that evaluated the
effects of combination therapy with high-dose vitamin C, thia-
mine, and hydrocortisone for patients with sepsis. The RCT com-
pared the combination therapy in conjunction with usual care
(intervention group; n = 109) vs hydrocortisone plus usual care
(control group; n = 107). The primary outcome was duration of
time alive and free of vasopressors at day 7 (ie, vasopressor-
free days); 28-day mortality and 90-day mortality were 2 of 10
secondary outcomes. The trial was designed to have 90% power
to detect a between-group difference of 25 hours alive and va-
sopressor free, and the final recruitment of 216 patients was con-
sistent with the statistical analysis plan.

The results showed an almost identical median time
alive and free of vasopressors in the 2 study groups: 122.1
hours (interquartile range, 76.3-145.4 hours) in the interven-
tion group compared with 124.6 hours (interquartile range,
82.1-147.0 hours) in the control group (P = .83), with no sig-
nificant difference in 28-day mortality (22.6% in the inter-
vention group vs 20.4% in the control group; P = .69) or
90-day mortality (28.6% in the intervention group vs 24.5%
in the control group; P = .51).2 Limitations of this trial
include lack of blinding and the moderate sample size.
Strengths include the randomized design, high protocol
adherence, low attrition rate, rapid implementation of the
intervention, and achievement of supranormal plasma lev-
els of vitamin C in the intervention group.

The primary biological rationale for this therapeutic
approach has been that sepsis occurs in a setting of vitamin C
and thiamine deficiency. Absolute deficiencies of vitamin C and
thiamine both cause severe disease (scurvy and beri beri). Al-
though the very low levels characteristic of scurvy and beri beri
are uncommon in sepsis, the theoretical rationale is that rela-
tively low levels are implicated in the pathogenesis of sepsis.

However, a standardized approach to assess serum levels of
these vitamins in critically ill patients is lacking, and the causal
path between relative vitamin deficiency and adverse out-
come from sepsis has not been clearly demonstrated. Gluco-
corticoid steroids are pleiotropic agents that have a number
of potential actions in sepsis. However, because the trial by Fujii
et al2 assigned the same dose of hydrocortisone to both inter-
vention groups, any difference between study groups would
not be due to a direct effect of steroids. The design of the cur-
rent study also precludes analysis of the individual effects of
vitamin C and thiamine, but the absence of any benefit in both
primary and secondary outcomes suggests either that both
agents were ineffective or that both were fully antagonistic,
which seems unlikely.

Several other prior studies have evaluated thiamine and
vitamin C in sepsis. In an observational study of 369 patients,
thiamine was associated with improved lactate clearance and
survival,3 but a randomized trial involving 88 patients did not
replicate the results.4 Vitamin C has now been evaluated as a
treatment for sepsis and septic shock, either alone or in com-
bination, in 8 RCTs and 6 observational studies that reported
data on all-cause mortality (mostly hospital and 28-day out-
comes). Of the 8 RCTs,2,5-11 6 (including a total of 633 patients)
showed no significant effect of vitamin C on mortality.2,5-8,10

The reported mortality rates were in favor of vitamin C in the
other 2 trials,9,11 although in one of those trials,9 the sample size
was small (28 patients) and there were important baseline dif-
ferences between groups, and in the other trial,11 mortality was
not the primary outcome and lack of adjustment for multiple
testing weakened the inference for the mortality outcome. Of
the 6 observational studies1,12-16 (which included a total of 1545
patients), 5 studies (n = 1451)12-16 demonstrated no associa-
tion between vitamin C and improved survival in sepsis, and
the single-center observational study1 that found an associa-
tion had important limitations.17

However, more studies of vitamin C administration in sep-
sis are ongoing or planned. According to ClinicalTrials.gov,
37 trials are examining vitamin C as a treatment for sepsis in
Asia, Africa, Europe, North America, and Latin America,
of which 18 studies are testing the triple combination therapy,
12 studies are testing vitamin C alone, 3 are testing vitamin C
plus thiamine, and 4 are testing other combinations. Twelve
studies are completed (although the findings have not yet been
reported), 21 are recruiting, and 4 are not yet recruiting. Con-
sidering the available evidence from more than 2000 patients
in both observational and randomized studies, there is insuf-
ficient equipoise to continue enrolling more patients in sepsis
trials involving high-dose vitamin C administration.
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While new diagnostic and therapeutic tools are being de-
veloped, it is important to continue to provide the care that
maximizes the chances of survival for patients with sepsis. For
instance, 2 studies performed in nonoverlapping eras with dis-
tinct septic shock populations and different scientific meth-
odology consistently demonstrated that every hour of delay
in time to antibiotic initiation increased the risk of mortality
by 7.5% to 10%.18,19 Thus, rapid initiation of appropriate anti-
biotics should be an absolute priority for treatment of all pa-
tients with septic shock in clinical practice as well as in clini-
cal research.

The results of the clinical trial by Fujii et al in this issue of
JAMA,2 added to the cumulative evidence from 13 different
studies performed in 10 different countries, indicate that high-

dose vitamin C with or without thiamine and steroids does not
provide significant survival benefits for patients with sepsis
or septic shock. Given that other studies are forthcoming, there
appears to be no immediate justification for adoption of high-
dose vitamin C, alone or in combination, as a component of
treatment for sepsis. Moreover, use of high-dose vitamin C in
combination or alone “just in case” or as a “measure of last re-
sort,” aside from providing no survival benefits, could have sev-
eral other potential consequences, including diverting fund-
ing from needed research to examine sepsis mechanisms and
diagnostics; stifling the development of other sepsis thera-
pies; perpetuating false hopes for patients, families, and cli-
nicians; and delaying proven lifesaving therapies such as
prompt initiation of antibiotic therapy.
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