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Abstract

Objective It was to systematically evaluate the effect of corticosteroids on 28d all-cause mortality (ACM), in-hospital death
rate, and ICU death rate in critically ill sepsis patients.

Methods PubMed, Embase, and Medline databases were used to screen the published literatures on the therapeutic effect of
corticosteroids in the treatment of critically ill sepsis patients. After evaluating the quality of the included literatures, Rev-
Man 5.3 software was used for meta-analysis. 4524 literatures regarding the application of corticosteroids to treat critically
ill sepsis patients were preliminarily searched. After screening was carried out, 9 literatures were finally included. 2,850
patients were treated with corticosteroids and 2867 patients were treated with placebo.

Results The meta-analysis of the effect of corticosteroids versus placebo on 28dACM showed [OR =0.87, 95% CI 0.78-0.98,
Z=2.22, P=0.03], P <0.05; the meta-analysis of the outcome of corticosteroids versus placebo on ICU death rate showed
[OR=0.77, 95% CI 0.63-0.94, Z=2.60, P=0.009], P <0.05; and the meta-analysis of the effect of corticosteroids versus
placebo on in-hospital death rate showed [OR =0.80, 95% CI 0.66-0.96, Z=2.34, P=0.002], P <0.05.

Conclusion In summary, corticosteroids can reduce the death rate of critically ill sepsis patients to a certain extent and have
good clinical application value.
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Introduction

Sepsis is caused by infection of the human body with patho-
genic microorganisms such as bacteria that cause an inflam-
matory response (Esposito et al. 2017). In addition to the
manifestations of systemic inflammatory response syndrome
and primary infectious lesions, critically ill patients often
have manifestations of organ hypoperfusion. Sepsis gener-
ally includes previous sepsis and sepsis (Hecker et al. 2019).
There are many ways that can cause sepsis, such as the com-
mon clinical lung, peritoneum, bile duct, urinary system,
meninges, and other parts of the inflammation (Font et al.
2020). Pathogenic microorganisms causing sepsis include
common bacteria, fungi, viruses, and some parasites, but
positive blood culture results find that not every patient
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with sepsis has pathogenic microorganisms causing infec-
tion. According to statistics, the proportion of positive blood
culture results is only about 45%. Myocardial injury is also
one of the most common complications of sepsis (Thompson
et al. 2019). When a patient develops sepsis for a long period
of time, it may cause damage to the heart muscle and affect
the function of the heart. Clinical studies have found that
the main clinical manifestations of these patients are that the
heart cannot perform well contraction, the diastolic ability
of the heart will appear a certain degree of decline, pumping
function will also appear a certain degree of decline after
illness, the failure of these functions will make the heart can-
not get adequate blood moisturization, thus indirectly lead-
ing to systemic ischemia. Sepsis is characterized by a poor
prognosis in patients with myocardial injury. Although the
current medical level has made great progress in anti-infec-
tive treatment and organ function support surgery, it also
has certain results. According to statistics, the death rate of
sepsis can still reach 30% or even 70% (Osborn 2017; Greer
et al. 2019). Such a high death rate has also successfully
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made sepsis the second cause of death in intensive care unit
(ICU) after heart disease (Taeb et al. 2017).

During the early systemic inflammatory response syn-
drome of sepsis, proinflammatory mediators are released
uncontrollably, resulting in waterfall chain reaction. Pro-
inflammatory mediators: tumor necrosis factor-o (TNF-a),
interleukin-1 (IL-1), IL-6, IL-8, platelet activating factor
(PAF), prostaglandins and leukotrienes secrete and activate
granulocytes, resulting in endothelial cell injury (Gaballa
et al. 2021; Liyanage et al. 2017); platelets adhere to dam-
aged endothelial cells and release many oxygen free radi-
cals and lipid metabolites, resulting in further damage or
even failure of important tissues and organs (Filippone
et al. 2019). In the anti-inflammatory treatment of septic
patients, corticosteroids, as a compound composed of fat-
soluble small molecules, easily bind to receptors in the
cytoplasm, affect gene transcription, change the level of
transmitter-associated proteins, and then inhibit the corre-
sponding inflammatory response, reduce systemic inflam-
matory response syndrome and tissue damage, improve the
body’s tolerance to bacterial endotoxin, and restore micro-
circulatory hemodynamics (Annane et al. 2015). Corticos-
teroids have been shown not only to alleviate severe inflam-
matory responses and organ dysfunction during systemic
inflammatory response syndrome, but also to downregulate
uncontrolled pro-inflammatory responses, inhibit excessive
consumption of immune factors and cells, and maintain the
body’s innate immune capacity (Heming et al. 2018). Cor-
ticosteroids have also been used in clinical practice for a
long time because of their strong anti-inflammatory abil-
ity and their low price (Fujii et al. 2020). For more than
4 decades, corticosteroids have become one of the therapies
of considerable interest in the treatment of patients with
sepsis and septic shock, because they can downregulate
uncontrolled pro-inflammatory responses while maintaining
innate immune function, but their benefit-risk ratio in the
treatment of sepsis remains controversial (Taeb et al. 2017).
Literature on the effects of corticosteroids in critically ill
sepsis patients was collected and analyzed. Meta-analysis
systematically evaluated the application of corticosteroids
on 28dACM, inpatient deaths, and ICU deaths in critically
ill sepsis patients, in order to provide some reference for the
selection of efficient treatment for critically ill sepsis patients
in clinical treatment.

Materials and methods
Documents retrieval
Independent searching Pubmed, Embase, Medline, Cochrane

Online Library, Web of science, and other databases by two
persons for clinical research experiments, and the range
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of time was from database establishment to now. The sub-
jects included in the literature had no age restriction and no
language restriction. The search keywords were “sepsis”,
“corticosteroids”, “methylprednisolone”, “Hydrocortisone”,
“Fludrocortisone” and “placebo”, and the keywords were

combined in “or” and “and”.
Inclusion and exclusion criteria of literatures

Inclusion criteria: (1) more than one critically ill sepsis
patient; (2) corticosteroids were selected as the therapeutic
drug; (3) prospective randomized study, randomized con-
trolled study, and cohort study were selected as the study
type; (4) the number of patients included, grouping, number
of patients in different groups, age, and death rate indica-
tors were recorded in detail and completely; (5) the number
of samples included in the study was at least 15; (6) data
available for analysis were provided, such as RR or OR and
95% CI.

Exclusion criteria: (1) articles of non-clinical trials; (2)
review articles, case studies, repeated publications, and basic
studies; (3) missing outcome measures or key data; (4) stud-
ies unrelated to the topic of this study; (5) no study controls
were set in the literature, or studies without comparable sam-
ples between groups; (6) the literature with the highest qual-
ity was selected between or among articles published with
the same group of data. (7) studies with small sample size;
(8) study type was not fully specified, incorrect randomized
controlled studies; (9) incomplete articles, and full text not
available from authors; (10) no valid outcome data could
be extracted from literature; (11) specialty-related exclusion
requirements.

Extraction of information

Two investigators independently extracted the basic data of
the included articles as well as the outcome measure data.
The basic data included the first author, date of publication,
patient disease diagnosis, interventions, and concomitant
medications. Outcome measures included “inpatientdeaths,
28dACM, ICU deaths”. Cross-checking of extracted out-
come data was performed by the evaluator and disagreement
was decided for agreement; if disagreement remained after
discussion, a third investigator joined the discussion.

Methodological quality evaluation

Methodological quality evaluation of the included articles
was carried out independently by two investigators using
the Cochrane Collaboration’s tool for assessing risk of bias
(RoB) provided by the Cochrane Collaboration. The evalu-
ation items include six dimensions, which are: (1) whether
the literature describes the random allocation method; (2)
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whether the literature is sufficient to have allocation conceal-
ment and whether the reasons are sufficient; (3) whether the
literature implements the blinding method, and the imple-
mentation objects of the blinding method are the study sub-
jects, medical staff or outcome indicator evaluators, respec-
tively; (4) whether the literature describes the withdrawal
or loss to follow-up of personnel; (5) whether the literature
performs the selective reporting of outcome indicators; and
(6) whether there are other factors that can affect the quality
of the experiment (Salluh and Pévoa 2017).

Statistical analysis

Statistical analysis was performed using Review Manager
(Version 5.3) software. Binary variables were presented
using OR or RR, along with 95% CI, for the combined
model analysis. Continuous variable was shown by mean
difference (MD) or standard MD (SMD) with 95% CI for the
combined model analysis. Evaluation of overall heterogene-
ity was performed using the y* test. Heterogeneity analy-
sis of indicators was performed using the /7 test, and when
I?>50% and P <0.05, statistical analysis was performed
using the random effect model, and sensitivity analysis was
performed to determine the source of heterogeneity; when
I><50% and P> 0.05, it should perform statistical analysis
applying the fixed effect model. According to the criteria
provided by Cochrane Collaboration, the bias evaluation
tool (funnel plot) provided by Cochrane Collaboration was
used to evaluate the publication bias of the literature (Salluh
et al. 2010).

Results
Screening procedure of literature

According to the search subject terms and search strategy,
4524 literatures involving in the outcome of corticoster-
oids treating critically ill sepsis patients were preliminar-
ily retrieved from Pubmed, Embase, Medline, Cochrane
Online Library, and Web of science databases with the
search keywords “sepsis”, “corticosteroids”, “methylpred-
nisolone”, “Hydrocortisone”, “Fludrocortisone” and “pla-
cebo”. 2366 literatures that did not meet the requirements
such as repeated publication, case studies, basic studies, and
missing outcome measures were excluded. The abstracts of
the articles were read and 1685 articles that did not meet
the requirements were excluded based on the inclusion and
exclusion criteria. Preliminary eligible articles were down-
loaded and 353 non-eligible articles and 111 articles with
missing outcome data were excluded. Finally, nine articles
were included for meta-analysis (Torres et al. 2015; Annane
et al. 2002, 2018; Venkatesh et al. 2018; Arabi et al. 2010;

Gordon et al. 2014; Yildiz et al. 2002; Lv et al. 2017; Menon
et al. 2017). The literature search process is illustrated in
Fig. I.

Basic data of included literature

Finally, 9 literatures were included, including 2850 subjects
in experimental group (corticosteroids) and 2867 subjects
in controls (placebo). The specific information of the first
author, publication year, and study subject of the literatures
is shown in Table 1.

Quality evaluation of included literature

9 included articles were evaluated for quality using Cochrane
Reviewer’ Handbook and assessment charts were drawn for
overall evaluation of literature quality, and the evaluation
results are shown in Fig. 2. All included articles were found
to have “allocation concealment (selection bias)”, “bind-
ing of participants and personnel (performance bias)” and
“selective reporting (reporting bias)” entries evaluated as
“Low risk”. Only individual articles have “random sequence
generation (selection bias)”, “incomplete outcome data
(attrition bias)”, and “binding of outcome assessment (detec-
tion bias)” with “high risk” or “unclear risk”. Therefore,
the Cochrane Reviewer’ Handbook was used to evaluate the
quality of literatures with grade B or above. The quality of
the included articles was subsequently evaluated using the
Jadad scale, and the assessment found that the Jadad scale
scores of the included articles were all greater than 3, so
sensitivity analysis was not required (Fig. 3).

Comparison of 28d all-cause mortality (28dACM)
between the two groups

Among the included literatures, 7 literatures involved cor-
ticosteroids and placebo on 28dACM. The heterogeneity
analysis showed =0%, P=0.42. Therefore, the fixed
effect model was applied for analyzing. Meta-comprehen-
sive model suggested that OR=0.87, 95% CI 0.78-0.98,
Z=2.22, P=0.03. The results showed that the 28dACM
rate of sepsis patients treated with corticosteroids was lower
(P<0.05). The relevant forest map is shown in Fig. 4. Fun-
nel plot distribution was essentially symmetrical and most
of the data was on either side of the central axis, suggesting
that there was no significant publication bias, as illustrated
in Fig. 5.

ICU mortality in the two groups
Among the included literatures, a total of five literatures

involved the effect of corticosteroids and placebo on ICU
mortality. The heterogeneity analysis showed I*>=0%,
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P=0.96, so the fixed effect model was used for analysis.
The results of meta-analysis showed that OR=0.77, 95%
CI10.63-0.94, Z=2.60, P =0.009. The results showed that
ICU mortality in sepsis patients treated with corticoster-
oids was lower than that in patients treated with placebo,
and the difference had statistical significance (P <0.05).
The relevant forest map is illustrated in Fig. 6. Funnel plot
distribution was basically symmetrical and most of the
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data were on either side of the central axis. It reveals that
there was no obvious publication bias (Fig. 7).

In-hospital mortality in both groups

Among the included literatures, six literatures involved the
effect of corticosteroids and placebo on inpatient mortal-
ity. The results of heterogeneity analysis showed I* = 0%,
P=0.76. Therefore, the fixed effect model was adopted
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Table 1 Basic information of enrolled literatures

First author Publication year Experimental group(2850)

Controls(2867)

Drug

Patients (cases) Age (years) Drug

Patients (cases) Age (years)

Torres et al. (2015) 2015 Methylprednisolone 61

Annane et al. (2002) 2002 Hydrocorti- 151
sone + hydrocorti-
sone fluoride
Annane et al. (2018) 2018 Hydrocorti- 614
sone + hydrocorti-
sone fluoride
Venkatesh et al. 2018 Hydrocortisone 1853
(2018)
Arabi et al. (2010) 2010 Hydrocortisone 39
Gordon et al. (2014) 2014 Pitressin + hydrocor- 31
tisone
Yildiz et al. (2002) 2002 Prednisolone 20
Lv etal. (2017) 2017 Hydrocortisone 58
Menon et al. (2017) 2017 Hydrocortisone 23

64.5+19.1 Placebo 59 66.1+20.1
62+15 Placebo 149 60+17
66+ 14 Placebo 627 66+15
62.3+14.9 Placebo 1860 62.7+15.2
60.6+12.6 Placebo 36 59.3+12.2
54-68 Pitressin + placebo 30 48-76
57.8+17.7 Placebo 20 56.5+16.4
68.8+12.6 Placebo 60 64.8+16.7
- Placebo 26 -

Random sequence generation (selection hias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance hias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting hias)

Other bias

1 1

0% 25% 50%

75%  100%

.Low risk of hias

D Unclear risk of hias

B Hioh risk of bias

Fig.2 Bar chart of RoB assessment of selected literatures

for analyzing. Meta-comprehensive model indicated that
OR=0.80, 95% CI 0.66-0.96, Z=2.34, P=0.002. The
results showed that the inpatient mortality rate of sepsis
patients treated with corticosteroids was lower than that of
patients applying placebo, and the distinction was statisti-
cally meaningful (P <0.05). The relevant forest plot is shown
in Fig. 8. Funnel plot distribution was basically symmetrical
and most of the data were on either side of the central axis.
It suggests no apparent publication bias, as shown in Fig. 9.

Discussion

Sepsis is a life-threatening organ dysfunction caused by
a dysregulated body response induced by infection (Wan
et al. 2021). Systematic review of published national or
local population estimates in 2017 showed that sepsis
infects 30 million people and kills 6 million people annu-
ally (MOCORSEP Study Group 2021). The study showed
that ICU, inpatient, and 1-year mortality were 15.5%, 28.3%,
and 40.9%, respectively, while 2-year mortality was even
as high as 44.9%. Sepsis is, therefore, a significant global
burden of disease and a major challenge in the medical
field (Yao et al. 2021). In recent years, researchers have
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Fig.5 Funnel plot for compari- SE(log[OR])
.. . 0T ~
son of 28d mortality in patients 4R
receiving corticosteroids versus <0 N
placebo < 0 ' b
& : b
=1 o |
P : S
/l | \\
’ ' N
’/ : \\
04T ,/’ : o \\\
’ | N
,' | \\
> 1 N
g | N
’ ! N
/’ : o \\
06T " o) 9
i O : N
1 \\
1 bR
1 .
| \\
] N
08T : k
|
|
1
1
1
1 1 ' : 1 1 1 OR
05 0.7 1 1.5 2

@ Springer




Role of corticosteroids in the treatment of critically ill sepsis patients: a meta-analysis... 971
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M.H, Fixed, 95% Cl M-H, Fixed, 95% CI
Annane 2002 90 150 101 149 181%  0.71[0.44,1.15 e
Annane 2018 17 614 257 627 736%  0.79(0.63,0.99  J
Arahi 2010 24 39 24 36 43% 0.80(0.31,2.08) = =
Gordon 2014 7 A 8 30 28% 080(0.25, 258 ==
Menon 2017 1 2 3 2 12% 035(0.03361) ¢
Total (95% Cl) 857 868 100.0%  0.77[0.63,0.94] L 2
Total events 339 393
Heterogeneity: Chi*= 0.59, df = 4 (P = 0.96); = 0% " 0 . 042 : 5 2=0
Testfor overall effect Z= 2.60 (P = 0.009) Favours [experimental] Favours [control]
Fig.6 Forest plot for contrast of ICU death rate in patients receiving corticosteroids versus placebo
Fig. 7 Funnel plot for compari- 0__SE(Iog[0R]) A
son of ICU mortality in patients SN
receiving corticosteroids versus J ? .
placebo /O .
II, E \\\
I’ | \\
051 o
,,/ p \\\
’ 1 A
4 1 b
’ 4 ! Y
’ 1 .
i ! 3
I, - \\
11 . : N
I/, i \\\
o ;
2 I \\
P 1 .
’ ! Y
,I ! \\
157 : N
:
1 ~
1 N
1 N
1 .
1
1
2 ' 1 : ' i OR
0.05 0.2 1 5 20
Experimental Control Odds Ratio Odds Ratio
Study or Subgroup _ Events _ Total Events Total Weight M-H, Fixed, 95% Cl M_-H, Fixed, 95% CI
Annane 2002 95 150 103 149 158% 0.77 [0.48,1.25) -
Annane 2018 239 614 284 627 715%  0.77[0.61,0.96) -
Arabi 2010 34 39 32 36 18% 0.85[0.21,3.45)
Gordon 2014 8 A 9 30 28% 0.81[0.26, 2.49)
Lv 2017 23 58 19 60  47% 1.42[0.67,3.02) I
Torres 2015 6 61 9 59 3.4% 0.61[0.20,1.82)
Total (95% Cl) 953 961 100.0%  0.80 [0.66, 0.96]
L 2
Total events 405 456
Heterogeneity: Chi*= 2.58, df= 5 (P = 0.76); F= 0% 031 0=2 045 3 2 5 140

Test for overall effect: Z= 2.34 (P=0.02)

Favours [experimental] Favours [control]

Fig. 8 Forest map for contrast of inpatient mortality in patients treated with corticosteroids and placebo

@ Springer



972

Y.Song et al.

Fig.9 Funnel plot for com-

parison of inpatient mortality in 0 - SE(I00[OR]) %
. . . . N
patients receiving corticoster- / - '
oids versus placebo / dl N
/ \
’ 1 \
I' : \\
02T P 1 \
Il q \\
’ 1 \
’ | \
// ! \\
’ | \
/ | \
0.47T ! Q%
- \
\
y | X
’ I \
/ 1 \
’ \
/’ O d) \\
06T 2 : \
’, I \
7 1 \
4 : )Y
/ 10 S
’ | \
/ 1 \
08T 4 : N
/ ! =
/ ! \
’ I \
/ - %
/ 1 \
1 } // } i ! i i i y IOR
T T T T T T
0.1 0.2 05 1 2 5 10

continuously explored the pathological, physiological, and
biological mechanisms of sepsis and found that the essence
of sepsis is that pathogenic microorganisms infect the body,
causing uncontrolled inflammatory reactions and immune
disorders, that is, from excessive immune activation to
extensive immunosuppression. When the body is infected,
bacterial endotoxins activate phagocytes to produce TNF-a
and induce pro-inflammatory mediators: TNF-a, IL-1, IL-6,
IL-8, PAF, prostaglandins and leukotrienes secrete and acti-
vate granulocytes, resulting in endothelial cell injury; plate-
lets adhere to damaged endothelial cells and release many
oxygen free radicals and lipid metabolites, further causing
tissue injury (Marik 2018).

Studies have shown that the nature of systemic inflam-
matory response syndrome refers to the uncontrolled
release of a variety of inflammatory mediators by the body,
resulting in waterfall chain reaction caused by the body,
which causes immune loss and immune disorders (Agus
2020). Studies have shown that corticosteroids, as one of
the therapies of considerable concern in the treatment of
patients with sepsis and septic shock, can not only relieve
the severe inflammatory response and organ dysfunction of
the body during SIRS, but also down-regulate the uncon-
trolled pro-inflammatory response, inhibit the excessive
consumption of immune factors and cells, and maintain the
innate immune capacity of the body. Corticosteroids are
divided into two classes: glucocorticoids and mineralocor-
ticoids (Gibbison et al. 2017). General medical hormones
refer to glucocorticoids, oral glucocorticoids prednisone,
methylprednisone, hydrocortisone, and so on. Liang et al.
(2021) grouped 3800 sepsis patients to receive low-dose
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hydrocortisone and showed no significant differences
between the two groups in 28d mortality, ICU length and
mortality, length of hospital stay and mortality, and recur-
rence of shock. In the trial by Fang et al. (2019), 1241
patients were grouped to receive low-dose hydrocortisone
plus fludrocortisone, and the results showed that 90-day
mortality, ICU length of stay, hospital stay, and mortality
were higher in the placebo group, and the time to reach
a Sequential Organ Failure Assessment (SOFA) below 6
was shorter in the experimental group than in the placebo
group. 9 randomized controlled trials of corticosteroids in
sepsis were included, with 2850 subjects in the experimen-
tal group (corticosteroids) and 2867 subjects in the con-
trols. Heterogeneity analysis of 28d ACM showed I> = 0%.
Corticosteroids could significantly reduce 28d mortality in
sepsis patients and heterogeneity was very low (I*=0%),
and the difference had statistical meaning (P <0.05).
Heterogeneity analysis of ICU mortality showed I>=0%,
P =0.96, and meta-analysis comprehensive model anal-
ysis showed OR=0.77, 95% CI 0.63-0.94, Z=2.60,
P =0.009. The results showed that the ICU mortality of
sepsis patients treated with corticosteroids was lower than
that of patients adopting placebo (P <0.05). The hetero-
geneity analysis results of inpatient mortality showed that
=0%, P=0.76, and the meta-analysis results showed
that OR =0.80, 95% CI 0.66-0.96, Z=2.34, P=0.002.
The results showed that the in-hospital mortality of sep-
sis patients treated with corticosteroids was lower than
that of patients treated with placebo (P <0.05), which was
similar to the above findings. In conclusion, this evalu-
ation suggests that corticosteroids reduce 28dACM and
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significantly reduce ICU and hospital mortality in sepsis.
The results showed the significant heterogeneity. Regard-
ing the sepsis disease, there are many studies (Pan and
He 2020; Zhang 2020; Zeng et al. 2022; Shen et al. 2022;
Zheng et al. 2022; Lv et al. 2022; Chen et al. 2022) in the
field of cellular, molecular and bioinformatics.

Conclusion

Systematic evaluation of the effects of corticosteroids and
placebo on 28dACM, inpatient mortality, and ICU mortal-
ity in critically ill sepsis patients showed that corticoster-
oids were associated with lower mortality than placebo,
and corticosteroids could improve survival to some extent.
However, only clinical studies were collected for systematic
evaluation of corticosteroids for the treatment of critically
ill sepsis patients, and the number of articles included in the
analysis was too small. More clinical patient data need to be
collected in the future to validate the results of this meta-
analysis. The results provide some reference for selecting
efficient treatment for sepsis patients, and can be used as a
reference for clinical treatment.
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