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Background: Vitamin C deficiency is common in sepsis patients and is related to disease severity. At
present, sepsis still has a high incidence and fatality rate. In sepsis, the body may develop microcirculation
disorders and even develop organ failure. Exogenous vitamin C supplementation may be one of the effective
adjuvant treatment measures for sepsis, which can not only improve the microcirculation of the body, but
also affect the prognosis of patients by participating in the synthesis of norepinephrine, improving peripheral
vascular resistance and increasing perfusion pressure. The efficacy and safety of vitamin C adjuvant therapy
for septic shock are inconsistent in many studies, so it is very important to systematically evaluate the
adjuvant effect of intravenous vitamin C in the treatment of septic shock.

Methods: Literature search of PubMed, EMBASE, The Cochrane Library, Web of Science, Wanfang,
China Biology Medicine (CBM), and China National Knowledge Infrastructure (CNKI) electronic databases
for vitamin C data since August 2021 for the treatment of patients with sepsis and septic shock. After
screening, data extraction and quality evaluation were performed according to inclusion criteria, and meta-
analysis was conducted using RevMan 5.3.

Results: The final 13 studies comprised 6 cohort studies and 7 randomized controlled trials (RCTs), with
a total of 1,423 patients enrolled. Meta-analysis showed no significant effect of intravenous vitamin C on
reducing in-hospital mortality rate [odds ratio (OR) =0.91, 95% confidence interval (CI): 0.76-1.08, P=0.27],
intensive care unit (ICU) mortality rate (OR =0.84, 95% CI: 0.69-1.01, P=0.07), ICU stay (OR =0.88, 95%
CI: 0.72-1.08, P=0.23) or total stay (OR =0.91, 95% CI: 0.68-1.21, P=0.51) in sepsis patients, nor did it
improve the 72-h sequential organ failure assessment (72-h SOFA) score (OR =0.95, 95% CI: 0.77-1.18,
P=0.66).

Discussion: Intravenous vitamin C showed no efficacy in the treatment of sepsis.
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Introduction

Sepsis is a common and life-threatening medical emergency,
characterized by systemic inflammation, extensive tissue
damage, and organ dysfunction (1). The incidence of sepsis
continues to rise in major hospitals and intensive care
units (ICUs) worldwide, with about 31 million cases of
sepsis per year and about 6 million deaths worldwide (2-5).
Sepsis became the third leading cause of death in hospital,
estimated to cost nearly 60 billion per year, and even
surviving patients are at risk of poor physical condition,
mood, and cognitive outcomes, and thus, decreased quality
of life (6).

There is no treatment that directly targets the
pathogenesis of sepsis, and the management protocol mainly
relies on early active fluid resuscitation, early appropriate
antibiotics, hemodynamic support with vasopressors, and
identification and control of sites of infection (7-10). Given
the characteristics of high morbidity, high mortality, and
poor prognosis of sepsis, it is necessary to discover new
treatments to reduce patient mortality and improve patient
outcomes. Despite the exploration and practice of a large
number of treatment methods, the mortality rate of sepsis
has not been significantly reduced, and finding new adjuvant
therapies to improve the prognosis of patients with sepsis
has become a research hotspot.

Vitamin C, also known as ascorbate, is an important
antioxidant and enzyme cofactor involved in many
important biological reactions (11). Current meaning after
editorial changes is that reactive oxygen species (ROS)
cause massive damage to the mitochondria of endothelial
cells (12). The role of vitamin C in severe sepsis and
septic shock include its antioxidant and anti-inflammatory
properties, cortisol retention effect, inhibitory effects on
nitric oxide synthase and increased catecholamine synthesis
in the brain and adrenal medulla (13). Ascorbic acid can
increase vasopressor synthesis, reduce oxidative stress and
inflammatory response; a previous randomized trial in
24 patients showed that high doses of vitamin C reduced
sepsis-related organ failure in a dose-dependent manner,
a retrospective single-center trial of 200 mg/12 h within
24 h of onset with improved lactate clearance and 28 day
mortality rate compared with matched controls by Anand
et al. (14); a combination of ascorbic acid (1,500 mg/6 h)
and hydrocortisone (50 mg/6 h) was found to improve
patient organ damage, duration of shock reversal, and
mortality rate.
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This study added more sample sizes on the basis of
previous studies, and in addition to analyzing the risk
correlation between vitamin C and sepsis, we also further
explored the mechanism of serum immune factors related
to the occurrence of sepsis (15). In addition, only ICU
patients were included in this study, which could more
effectively reduce selection bias and statistical errors of
results. Sepsis is a systemic inflammatory syndrome caused
by potential or known infectious factors, and its progression
can lead to shock and multiple organ dysfunction, which is
the main cause of death in ICU patients. Despite extensive
research on molecular pathogenesis based on targeted
therapies, survival rates for severe sepsis and septic shock
have not improved significantly (16). In recent years.
Host cell-mediated immunity is of great importance to
understand the pathologic process of sepsis and its multiple
organ injury complications. Studies have shown that innate
immune cells such as neutrophils, macrophages, dendritic
cells, T lymphocytes, regulatory T cells, and natural killer
T cells NKT) play a crucial role in maintaining internal
environmental balance and regulating immune response
during sepsis (17,18). Early in sepsis, infection caused a
gradual amplification of a moderate host response, followed
by dysregulation. Inflammatory response is partially
mediated by innate immune cells to initiate or inhibit the
host inflammatory response through the production of
proinflammatory cytokines, high-mobility-family protein-1
(HMGB-1), or inflammatory suppressors such as IL-10.
The efficacy and safety of vitamin C adjuvant therapy for
septic shock are inconsistent in many studies, so it is very
important to systematically evaluate the adjuvant effect of
intravenous vitamin C in the treatment of septic shock.

In recent years, clinical trials have reported that
intravenous vitamin C reduces the organ function damage
caused by sepsis and improves survival (15), and it has been
demonstrated that parenteral vitamin C administration
reduces organ injury and improves the survival of septic
mice (16). However, the precise role of vitamin C as a
neoadjuvant in sepsis and septic shock therapy is more
controversial (17). Therefore, we conducted a meta-analysis
of the effect of vitamin C on the mortality rate of patients
with sepsis and septic shock, to provide strong evidence-
based medical advice. We present the following article in
accordance with the PRISMA reporting checklist (available
at https://apm.amegroups.com/article/view/10.21037/apm-
22-225/r0).
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Methods
Literature retrieval strategy

We performed a literature search of the English-language
databases PubMed, EMBASE, The Cochrane Library, and
Web of Science, as well as the Chinese databases Wanfang,
China Biology Medicine (CBM), and China National
Knowledge Infrastructure (CNKI), to August 2021, with
no language restrictions. The search terms for all databases
included ascorbic acid, vitamin C, sepsis, severe sepsis,
septic shock, and randomized controlled trials (RCTs).

Inclusion and exclusion criteria

Inclusion criteria

(D  Study type: RCT or observational study, including
cohort studies;

(II) Subjects investigated: patients with sepsis or septic
shock, aged >18 years, met the 2020 diagnostic criteria
for sepsis 3.0;

(III) Experimental group: routine anti-infective therapy
+ vitamin C; control group: routine anti-infective
therapy;

(IV) Outcomes: includes in-patient or ICU mortality rate;

(V) Relevant research literature was included strictly
according to PICOS standards. PICOS: P is the subject
of study. The target group or representative of the
subject is relevant to the subject; I is for interventions.
Therapeutic interventions or observational measures
used in the study population; C is for comparison
group. Indicators representing control groups and
treatment measures or observations; O indicates end.
Representative achievement indicators and related
issues; S is for research, and that is what is a study
design, cohort study, case control or cross-sectional
study.

Exclusion criteria

(I)  Subjects younger than 18 years;

(II) Incomplete or unavailable data;

(IIT) Study type: reviews, editorials, case reports, etc.;
(IV) Literature not in Chinese or English.

Literature screening

Two researchers independently conducted the literature
screening and data extraction according to the inclusion and
exclusion criteria, and checked against each other. If there
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was a disagreement, they were screened again by a third
researcher. Data extracted included article information (title,
first author, date of publication, literature source, etc.);
study information (number of subjects in the experimental
and control groups, specific intervention methods); outcome
index and correlation, outcome data (case fatality rate). If
the data were incomplete or in doubt, the first author or
corresponding author was contacted to obtain the relevant
data.

Literature quality evaluation and data extraction

Study quality was evaluated by the Cochrane literature
quality evaluation method, namely, randomized method,
allocation concealment, implementation of blind method,
lost visit bias, etc. Cohort studies were quality evaluated
using the Newcastle-Ottawa Scale (NOS) scale (Table 1)
and RCTs using a modified Jadad score scale (Tuble 2).
The quality evaluation was conducted by two researchers,
retaining only high-quality studies. Then the basic data
of all studies were extracted, including the first author’s
name, year of publication, study design and population,
number of participants, and patient characteristics; and
drugs in the trial group. Our primary outcome measure of
the in-hospital mortality rate, and the secondary outcome
measures of ICU mortality rate, duration of booster drug
use and ICU stay, total hospitalization, and 72-h SOFA
score were finally combined (7able 3).

Statistical analysis

Heterogeneity test and treatment

After sorting out the relevant literature data according to
the requirements for a meta-analysis, statistical analysis
was conducted on the data using Stata 12.0 software. I’
quantitatively judged the size of the heterogeneity of
each study. The value range of I’ was set to between 0%
and 100%, and the greater the I’ value, the greater the
heterogeneity. The heterogeneity of I’ is acceptable as long
as it is not greater than 50%, with three degrees of high
(75%), medium (50%), and low (25%) classified by Guinot
et al. (17). If the study results show I’>50%, P<0.05, with
heterogeneity, the meta-analysis used a random-effect
model; if I’<50%, P>0.05, with no statistical heterogeneity,
the fixed-effect model was used. If heterogeneity exists, a
sensitivity analysis was performed by successively deleting
single trials to check whether deletion of the single trials
affected the results.
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Table 1 Cohort study NOS scale
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NOS scale
Score list

>1 0 0
Representative of the exposure cohort Good NA NA
Selection of the non-exposed cohort Same population Different population NA NA
Subjects had no studied disease No NA NA
Analysis of phase exposure and non-exposure cohorts Most important factor Secondary cause NA NA
Method of outcome determination Independent assays Reliable record NA NA
Whether the follow-up time was long enough NA No NA

Integrity of follow-up

Follow-up rate =100%

Follow-up rate >90% Follow-up rate <90% NA

NOS, Newcastle-Ottawa Scale; NA, not available.

Table 2 Modified Jadad score scale

Jadad score

Score list
2

1 0 0

Random series The computer produces random

numbers or similar method

Randomization Clinical investigators and subjects

Only indicates the use of random

Randomized trial did not describe the Alternate assignment method NA
method of randomized assignment

Alternate assignment, case NA

hidden were unable to predict the number tables or any other allocation numbers, Sundays, open random
assignment sequence method scheme number tables, and any measures
that do not prevent grouping
predictability
Blind method A completely consistent placebo Trial statements were blinded, and The adoption of blindness was NA
was used the methods were not described improper
Remove and exit NA The number and reasons for the exits The number and reasons for the NA

are described

exits are not described

NA, not available.

Selection of effect sizes and combined effect sizes

For dichotomous variables, we used the odds ratio (OR)
of the 95% confidence interval (CI). For continuous
variables, we used the SD mean difference (SMD) and
its 95% CI. For studies with missing data, we contacted
the corresponding author, who reported continuous data
for the median and interquartile range (IQR), requiring
data for the mean and standard deviation (SD). If the
mean and SD values were not obtained or no data were
available, we derived the data from the reported median
and IQR.

Bias test

Funnel plots were made to assess publication bias in the
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included studies, and if large, it was further assessed using

Begg’s plots and Egger’s test.

Results
Literature screening

A total of 320 documents were initially retrieved by
computer search and after strict screening according to
the inclusion and exclusion criteria, 13 studies were finally
included with a total of 1,423 participants (18-30). The
literature screening flowchart is shown in Figure 1.

Basic characteristics and quality evaluation of the studies

A total of 13 studies included 6 cohort studies, and 7 RCTs
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Table 3 Basic clinical features of the 13 studies included in the analysis
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Study. Study Age Sex SOFA score (SD) APACHE Il (SD) Interventions
type  (years, SD) Male Female 8.3-8.7 22.1-22 Experimental group  Control group

Marik et al. 2017 Cohort 58.3 50 44 NA 95-96 Vitamin C Standard treatment
Sadaka et al. 2020 Cohort 67 32 30 9.7-10.6 21-21.5 Vitamin C Standard treatment
Litwak et al. 2019 Cohort 58.2 57 37 6-6.9 NA Vitamin C Standard treatment
Mitchell et al. 2020 Cohort 68 73 3 NA 100-107 Vitamin C Standard treatment
Grady et al. 2019 Cohort 63 24 20 NA NA Vitamin C Standard treatment
Long et al. 2020 Cohort 64.4 NA NA NA NA Vitamin C Standard treatment
Chang et al. 2020 RCT 59.5 43 27 9.6-10.1 22.1-23.8 Vitamin C Standard treatment
Mohamed et al. 2020 RCT 58.69 63 25 10.89-11.22 NA Vitamin C Standard treatment
Moskowitz et al. 2020 RCT 68.9 111 89 NA NA Vitamin C Standard treatment
Wani et al. 2020 RCT 65 59 51 9.22-9.36 NA Vitamin C Standard treatment
Iglesias et al. 2020 RCT 70 59 78 7.9-8.3 24-24.9 Vitamin C Standard treatment
Sevransky et al. 2021 RCT 62 274 228 NA NA Vitamin C Standard treatment
Fujii et al. 2020 RCT 61.9 133 78 8.4-8.6 77.4-83.3 Vitamin C Standard treatment

SD, standard deviation; SOFA, Sequential Organ Failure Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation II; NA,

not available; RCT, randomized controlled trial.

with Jadad score >4 points. Basic characteristics of the
included studies are shown in Table 3.

Meta-analysis

Main outcome index: in-hospital mortality rate

As shown in Figure 2, 6 cohort studies and 5 RCTs were
analyzed, with intravenous vitamin C not significant
in sepsis (OR =0.91, 95% CI: 0.76-1.08, P=0.27), and
acceptable heterogeneity between studies (I'=0%, Z=1.54).

Secondary outcome indicators

(I) ICU mortality: Figure 3 shows the analysis of 5 cohort
studies and 4 RCTs that reported ICU mortality
rates, and intravenous vitamin C was not statistically
significant in reducing the ICU mortality rates
in sepsis patients (OR =0.84, 95% CI: 0.69-1.01,
P=0.07), with acceptable heterogeneity between
studies I’=0%, Z=1.82).

(II) ICU stay: Figure 4 shows the analysis of - studies
and 4 RCT5 that reported ICU stay (OR =0.88, 95%
CI: 0.72-1.08, P=0.23), indicating that intravenous
vitamin C was not statistically significant for
shortening ICU stay in sepsis patients, with greater
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heterogeneity between studies (I'=1%, Z=1.19).

(IIT) Total length of stay: Figure 5 shows the analysis of
the 3 cohort studies and 4 RCTs that reported total
length of stay (OR =0.91, 95% CI: 0.68-1.21, P=0.51),
and vitamin C were not statistically significant in the
outcome for sepsis patients, with no heterogeneity
observed between studies (I’=45%, Z=0.66).

(IV) 72-h sequential organ failure assessment (72-h SOFA)
score: 3 cohort studies and 5 randomized controlled
experiments reported 72-h SOFA score (OR
=0.95, 95% CI: 0.77-1.18, P=0.66), indicating that
intravenous thiamine, ascorbate and glucocorticoid
triple were not statistically significant for improved
72-h SOFA score changes, with greater heterogeneity
between studies (I'=24%, Z=0.44) (Figure 6).

Heterogeneity test and sensitivity analyses

If the three outcome indicators, namely in-patient
mortality rate, ICU mortality rate <50%, had acceptable
heterogeneity, a fixed-effect model was used; if I'>50%
heterogeneous for ICU stay and 72-h SOFA score, a
random-effect model, and sensitivity analysis, respectively
(Figures 7,8). As all the studies included in the meta-analysis
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[ Identification of studies via databases and registers ] [ Identification of studies via other methods ]
— Records removed before screening:
¢ Duplicate records removed Records identified from:
é Records identified from: (n=56) ¢ Websites (n=65)
_g e Databases (n=200) > e Records marked as ineligible by ® Organisations (n=11)
= * Registers (n=120) automation tools (n=77) e Citation searching (n=10)
ﬁ ® Records removed for other etc.
reasons (n=12)
Y
Records screened Records excluded
(n=175) (n=95)
Y Y
2
'E Reports sought for retrieval Reports not retrieved Reports sought for retrieval Reports not retrieved
g (n=80) (n=59) (n=86) (n=80)
(%]
Y Y
Reports excluded:
Reports assessed for eligibility (1) Incomplete data (n=7) Reports assessed for eligibility
(n=21) (2) Non-english literature (n=7) (n=6)
etc.
T
3 Y
ko]
% Studies included in review B
= (n=13) N
Figure 1 Flow chart of literature search and screening.
Experimental Group Control Group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Chang P 2020 35 70 35 70 6.5% 1.00 [0.52, 1.94] T
Grady ) 2019 22 44 22 44 4.1% 1.00 [0.43, 2.31] I E—
Iglesias ) 2020 69 137 68 137 12.5% 1.03 [0.64, 1.65]  a
Litwak JJ 2019 47 94 47 94 8.7% 1.00 [0.56, 1.77] I
Long MT 2020 25 52 27 52 5.2% 0.86 [0.40, 1.85] .
Marik PE 2017 44 94 50 94 9.9% 0.77 [0.44, 1.37] I
Mitchell AB 2020 36 76 40 76 7.8%  0.81[0.43, 1.53] B
Mohamed ZU 2020 43 88 45 88 8.5% 0.91[0.51, 1.65] I
Moskowitz A 2020 99 200 101 200 18.9% 0.96 [0.65, 1.42] -
Sadaka F 2020 30 62 32 62 6.1% 0.88[0.43, 1.78] I —
Wani §) 2020 51 110 59 110 11.7% 0.75[0.44, 1.27] e
Total (95% ClI) 1027 1027 100.0% 0.91 [0.76, 1.08] ¢
Total events 501 526
ity: Chi? = = = = 09 [ f ; y
Heterogeneity: Chi®* = 1.56, df = 10 (P = 1.00); | 0% o1 ol 10 100

Test for overall effect: Z = 1.10 (P = 0.27) Favours [experimental] Favours [control]

Figure 2 Meta-analysis of in-hospital mortality rate.
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Experimental Group Control Group

Risk Ratio

Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Chang P 2020 34 70 36 70 8.0%  0.94[0.68, 1.32] —
Grady ) 2019 20 44 24 44 5.3%  0.83[0.55, 1.27] —
Litwak JJ 2019 44 94 50 94 11.1% 0.88[0.66, 1.17] =
Marik PE 2017 46 94 48 94 10.6%  0.96[0.72, 1.28] —
Mitchell AB 2020 36 76 40 76 8.8%  0.90 [0.65, 1.24] -
Mohamed ZU 2020 40 88 48 88 10.6% 0.83[0.62, 1.12] —T
Sadaka F 2020 31 62 31 62 6.9% 1.00 [0.70, 1.42] -
Sevransky JE 2021 110 228 118 228 26.1% 0.93[0.78, 1.12] -
Wani §) 2020 53 110 57 110 12.6% 0.93[0.71, 1.21] .
Total (95% CI) 866 866 100.0% 0.92 [0.83, 1.01] &
Total events 414 452

Heterogeneity: Chi’ = 1.08, df = 8 (P = 1.00); I> = 0%

0.01 0.1

10

] 100
Test for overall effect: Z = 1.82 (P = 0.07) Favours [experimental] Favours [control]
Figure 3 Meta-analysis of ICU mortality rate. ICU, intensive care unit.
Experimental Group Control Group Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fujii T 2020 65 133 68 133 17.5% 0.91 [0.56, 1.48] —=—
Crady ) 2019 10 24 14 24 4.1% 0.51[0.16, 1.61] -
Iglesias J 2020 38 78 40 78 10.3% 0.90 [0.48, 1.69] —
Litwak J) 2019 27 57 30 57 8.0%  0.81[0.39, 1.69] -1
Long MT 2020 25 45 20 45 4.5% 1.56 [0.68, 3.59] R
Mitchell AB 2020 40 73 33 73 7.5% 1.47[0.77, 2.82] -
Sevransky JE 2021 130 274 144 274 38.2% 0.82[0.58, 1.14] —
Wani §) 2020 25 59 34 59 9.9% 0.54 [0.26, 1.12] T
Total (95% ClI) 743 743 100.0% 0.88[0.72, 1.08] ¢
Total events 360 383
Heterogeneity: Chi® = 7.06, df = 7 (P = 0.42); I’ = 1% I t { |
] 0.01 0.1 10 100
Test for overall effect: Z = 1.19 (P = 0.23) Favours [experimental] Favours [control]
Figure 4 Meta-analysis of ICU stay. ICU, intensive care unit.
Experimental Group  Control Group Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Iglesias J 2020 27 59 32 59 18.0% 0.71[0.35, 1.47] —
Litwak J) 2019 17 37 20 37 11.2% 0.72 [0.29, 1.80] I
Mitchell AB 2020 40 70 30 70 13.3% 1.78 [0.91, 3.47] T
Mohamed ZU 2020 15 25 10 25 4.1% 2.251[0.73, 6.98] -
Moskowitz A 2020 40 89 49 89 27.9% 0.67[0.37, 1.20] —
Sadaka F 2020 17 32 15 32 7.3% 1.28 [0.48, 3.43] R —
Wani §J 2020 21 51 30 51 18.3% 0.49[0.22, 1.08] — nad
Total (95% ClI) 363 363 100.0% 0.91[0.68, 1.21] <&
Total events 177 186
Heterogeneity: Chi’ = 10.90, df = 6 (P = 0.09); I> = 45% 50 o1 041 150 1005

Test for overall effect: Z = 0.66 (P = 0.51)

Figure 5 Meta-analysis of total hospital stay.

have differences, we call various variations among different
studies in the meta-analysis heterogeneity. These variations
are mainly in subjects, study designs, interventions and
outcome measurements.

Publication bias analysis

Publication bias in the included studies for assessment of
in-hospital mortality rate was assessed by a funnel plot
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(Figure 9), which was essentially symmetrical, and no

publication bias was found.

Literature quality assessment

According to the Cochrane literature quality evaluation
method, 7 of the trials had mild bias risk, which was grade
A, 4 had moderate bias risk, which was grade B, and 2 had
severe bias risk, which was grade C (Figure 10).
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Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Fujii T 2020 35 78 43 78 14.1% 0.66 [0.35, 1.25] —_—T
Grady) 2019 12 20 8 20 1.9% 2.25[0.63, 7.97] —
Iglesias ) 2020 33 59 26 59 6.8% 1.61[0.78, 3.33] T/
Long MT 2020 30 65 35 65 11.2% 0.73[0.37, 1.46) —
Mitchell AB 2020 18 42 24 42 8.2% 0.56 [0.24, 1.33] —_—
Moskowitz A 2020 60 111 51 111 13.9% 1.38 [0.82, 2.35] T
Sevransky JE 2021 120 228 128 228 36.0% 0.87[0.60, 1.26] —
Wani §J 2020 25 51 26 51 7.9% 0.92 [0.43, 2.01] s — —*
Total (95% ClI) 654 654 100.0% 0.95[0.77, 1.18] L 2
Total events 333 341
PP ~ _ 2 I , ) )
Heterogeneity: Chi* = 9.20, df = 7 (P = 0.24); I’ = 24% bo1 o 0 100

Test for overall effect: Z = 0.44 (P = 0.66)

Favours [experimental] Favours [control]

Figure 6 Meta-analysis of forest plots of changes in 72-h SOFA scores. 72-h SOFA, 72-h sequential organ failure assessment.

0.0
0.1 A
% 0.2 - >
> o
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o
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Figure 7 Sensitivity analysis of ICU stay. ICU, intensive care unit;
SE, standard error; OR, odds ratio.

0.0
0.1 4

0.2 o

SE (log [RR])

0.3

0.4

0.5 T T T 1
0.01 0.1 1 10 100
RR

Figure 8 72-h SOFA score sensitivity analysis. 72-h SOFA, 72-h
sequential organ failure assessment; SE, standard error; RR, risk

ratio.

Discussion

Sepsis is a life-threatening organ dysfunction caused by a
dysregulated host response to infection and is the major
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global cause of morbidity and mortality. Because there is
no direct treatment for the pathogenesis of sepsis, clinical
management relies on early identification and rapid
administration of antibiotics, intravenous fluids and booster
when appropriate (31). Over the past 30 years, more than
100 clinical trials have been conducted to evaluate various
newly discovered drug and therapeutic interventions to
improve the outcomes in patients with sepsis, but none to
date has improved sepsis outcomes (32).

Vitamin C can increase vasopressin synthesis, reduce
oxidative stress and inflammatory responses, enhance
immune cell function, improve vascular endothelial cell
function, and epigenetic immune modification (33). This
meta-analysis showed that vitamin C use significantly
reduced sepsis-induced death. Coopersmith ez a/. showed
that for septic shock patients, thiamine treatment within
24 h of admission was associated with increased lactate
clearance and reduced 28-day mortality rate compared
with a matched cohort of patients not given thiamine (34).
Glucocorticoids have organ-protective effects by reducing
mitochondrial damage, inhibiting pro-apoptotic proteins,
and reducing cytokine release. Vitamin C, a free radical
scavenging antioxidant, has been shown to increase
sensitivity to the glucocorticoid receptor and increase
cellular uptake of glucocorticoids (hydrocortisone) (35).
In turn, hydrocortisone can increase sodium-vitamin
C expression of the transport protein 2 receptor, which
thereby increases vitamin C absorption. However, taking
a high dose of vitamin C results in calcium oxalate
nephropathy, which worsens renal function, and thiamine
can prevent this response. Triple therapy of thiamine,
ascorbic acid and glucocorticoid has biological rationality
in the treatment of sepsis. It has been shown to improve
prognosis and reduce the mortality rate in patients with
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Figure 9 Funnel plots of literature publication bias. SE, standard error; OR, odds ratio; RR, risk ratio.

sepsis (36). Subsequent cohort studies and RCTs have
reported (32-35) reduced patient or ICU mortality rates,
and identified potential benefits such as shorter duration of
vasopressor therapy, improved lactate clearance, reduced
procalcitonin, and reduced SOFA scores. Thus, vitamin C is
considered a potential treatment option (37).

The results of our meta-analysis showed that vitamin C
did not reduce patient mortality rates, either in-hospital or
in the ICU, did not reduce total length of stay or ICU stay,
or improve 72-h SOFA scores, compared with the control
group. For in-hospital and ICU mortality rates, some
retrospective studies (37-39) have shown a reduction among
patients treated with vitamin C. Although the studies
were retrospectively designed, there were no significant
differences in baseline characteristics or disease severity
between groups. In addition, patients included in those
studies had similar severity of disease as measured by acute
analysis and Chronic Health Assessment II (APACHE II)
or SOFA scores compared with the patients in our selected
RCTs. There may be confounding variables; the 5 of the
RCTs included in our study showed that vitamin C therapy
did not reduce either the in-patient or ICU mortality rate.

© Annals of Palliative Medicine. All rights reserved.

In our included studies, intravenous vitamin C did not
significantly improve survival over 7 days or shorten the
time to administration of vasopressors or resolve septic
shock faster than hydrocortisone alone. However, Bughrara
et al. showed that vitamin C therapy accelerated reversal of
shock (38). The 72-h SOFA score would indicate whether
organ injury had improved, but our results showed that
vitamin C therapy did not improve the 72-h SOFA score in
patients with sepsis (39).

IL-6 is produced by a variety of immune cells such
as B and T lymphocytes, monocytes/macrophages, with
functions in stimulating T and B lymphocytes as well as
participating in cell proliferation and differentiation, and
enhancing their function. The expression level of IL-6 is
closely associated with the severity of sepsis patients, and
there is high value in predicting the disease development
and efficacy of sepsis with IL-6 levels alone or in
combination with other infection indicators (40). IL-18, on
the other hand, has the ability of the chemokines MIP-1a,
MIP-1b, and MCP-1 that induce infection in monocytes
and macrophages, thereby triggering the inflammatory
process.

Ann Palliat Med 2022;11(4):1369-1380 | https://dx.doi.org/10.21037/apm-22-225



1378 Cai et al. Vitamin C in the treatment of septic shock patients
A Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
Selective reporting (reporting bias)
Other bias
L 1 1 1 ]
T T T T 1
0% 25% 50% 75% 100%
Low risk of bias D Unclear risk of bias High risk of bias
@ o
S 5, 8 Z = _
R =
=283 38§55 5% o0 Q
g X g £ 2 2 2 @ £ o g 1 B
_'<§5N;x§¥8%§:8
2 % m > C @ r-ﬁ - « <« <« +H T
N N n N n N N n N N n N n
o o o o o o o o o o o o o
N N N N n N - n - N - N nN
o -t o o o o ~ o o o (o) o o
QO D V@~~~ @O @ @ @ | Randomsequence generation (selection bias)
D0 -~ DD O -~ O O O O|Aiocation concealment (selection bias)
~ OO DO D DO O O ®| ~|®,|Blinding of participants and personnel (performance bias)
O D~ 100 0O -~ O D O N O O -binding of outcome assessment (detection bias)
O~ VOO~~~ D @ ®|incompleteoutcome data (attrition bias)
~ OO~ QOO O | ~|~|= |~ |Selctve reporting (reporting bias)
o ~olo~olelee|e| | ~|®]otnerba

Figure 10 Literature quality evaluation. (A) Risk of bias; (B) risk of bias summary.

Our meta-analysis is the most comprehensive study to
date of vitamin C treatment because we focused on five
study indicators: total in-hospital mortality rate, ICU
mortality rate, total length of stay, ICU stay, and 72-h
SOFA score.

Study limitations

(I) We included some retrospective studies. Although there
were good baseline characteristics for the treatment and
control groups, there would be confounding factors that
may affect the experimental results. (II) In a large study
of 1,144 patients (38) with septic shock, the combination
of vitamin C and thiamine did not result in a significant
reduction in in-hospital or 28-day mortality rates. However,
in a subgroup analysis, treatment was associated with a lower
in-hospital mortality rate among patients with low albumin
(<3.0 mg/dL) and SOFA score >10. (II) The current sample
size was small, comprising only 1,423 patients. (IV) Some

© Annals of Palliative Medicine. All rights reserved.

of the included studies used hydrocortisone in the control
group. (V) Data of continuous variables are reported using
median and IQR, which were used to calculate mean and
standard deviation in some studies. (VI) Twenty-seven
patients (57.4%) in Litwak e 4. had inadequate treatment
duration (20), which may have reduced the overall benefit
in the treatment group. The VICTAS trial (21) terminated
their RCT early for management reasons, which may also
be one of the reasons for the difference in results.
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