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Abstract

Background: Sepsis, a life-threatening organ dysfunction induced by infection, is a major public health problem. This
study aimed to evaluate the frequency and mortality of sepsis, severe sepsis, and septic shock in China.

Methods: We Searched MEDLINE, Embase, PubMed, and Cochrane Library from 1 January 1992 to 1 June 2020 for
studies that reported on the frequency and mortality of sepsis, severe sepsis, and septic shock conducted in China.
Random effects models were performed to estimate the pooled frequency and mortality of sepsis, severe sepsis, and
septic shock.

Results: Our search yielded 846 results, of which 29 studies were included in this review. The pooled frequency of
sepsis was estimated at 33.6% (95% Cl 25.9% to 41.3%, 1=99.2%; p<0.001), and the pooled mortality of sepsis, severe
sepsis and septic shock were 29.0% (95% Cl 25.3%-32.8%, 1°=92.1%; p=0),31.1% (95% Cl 25.3% to 36.9%, I”=85.8%;
P <0.001) and 37.3% (95% Cl 28.6%-46.0%, I=93.5%; p<0.001). There was significant heterogeneity between studies.
With a small number of included studies and the changing definition of sepsis, trends in sepsis frequency and mortal-
ity were not sufficient for analysis. Epidemiological data on sepsis in the emergency department (ED) are severely
lacking, and more research is urgently needed in this area is urgently needed.

Conclusions: Our findings indicated that the frequency and mortality of sepsis and septic shock in China were much
higher than North America and Europe countries. Based on our results, an extremely high incidence and mortality of
sepsis and septic shock in China's mainland requires more healthcare budget support. Epidemiological data on sepsis
and septic shock in ED are severely lacking, and more research is urgently needed in this area.

Trial registration This systematic review was conducted according to the statement of the preferred reporting items for
systematic review (PROSPERO CRD42021243325) and the meta-analysis protocols (PRISMA-P).
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Background
Sepsis is a life-threatening immune disorder and organ
dysfunction induced by infection and a global health
problem [1]. With the evolution of the definition of sep-
fYan-Cun Liy, Ying Yao, and Mu-Ming Yu contributed equally to this work. sis from Sepsis-1 to Sepsis-3, the concept of sepsis is
more inclined to organ dysfunction. There were 48.9
— : — million incident cases of sepsis worldwide and 11.0 mil-
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19.7% of all global deaths [2]. However, the frequency and
mortality of sepsis vary greatly in different studies. These
variations may be explained by variations in the design of
the study, the number of centers, the location of patients,
geographical region, and the evolving definition of sepsis
[1, 3-5].

Recent meta-analysis reviewed the frequency and mor-
tality of sepsis and septic shock in Europe, North Amer-
ica, and Australia [6, 7]. However, with the difference in
the healthcare system in China and other countries in
Asia, research in countries in Asia was excluded from
these systematic reviews. China is the most populous
developing country in the world, and at the same time,
critical care medicine in China has developed rapidly in
the past ten years. Therefore, studying the frequency and
mortality of sepsis and septic shock in China will be of
great significance in assessing the global situation of the
sepsis epidemic In recent years, several high-quality epi-
demiological studies [8—11] and reviews [12] on sepsis in
China have been published. However, due to differences
in the included population, diagnostic criteria for sepsis,
and study endpoints, the conclusions of the studies were
not the same. A systematic review and meta-analysis are
urgently needed to accurately reflect the frequency and
mortality of sepsis in China. Consequently, we investi-
gated the epidemic trends of sepsis and septic shock from
1992 to 2020, including prospective and retrospective
studies to get a clear understanding of the frequency and
mortality of sepsis and septic shock in China.

Methods

This systematic review was conducted according to the
statement of the preferred reporting items for systematic
review (PROSPERO CRD42021243325) and the meta-
analysis protocols (PRISMA-P).

Search strategy

MEDLINE, the Chinese Biomedical Literature Database,
the Chinese Medical Current Content, Embase, PubMed
and the Cochrane Library were searched, and we limited
our search to publications published between 1 January
1992 and 1 June 2020. We only included studies pub-
lished in English. We used a comprehensive list of search
terms for each database. We use this list in the title of
publications: (sepsis OR septic) AND (epidem*, frequen®,
prevalence, incidence, OR mortality) AND (China). We
also screened existing systematic reviews and checked
the reference lists of eligible studies.

Study selection criteria

Based on the title and abstract screening, studies were
included if they met all the following criteria: included
suspected or confirmed sepsis, severe sepsis, or septic
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shock in adult patients according to the definition of Sep-
sis-1, 2, or 3.0(3-5); were conducted in the mainland of
China and published between 1 January 1992 and 1 June
2020; reported or provided enough data to calculate;
were restricted to English publications. Studies with a
population of fewer than 20 people, pediatric patients,
editorial or review, and geographical location not suitable
were excluded.

Data extraction and quality assessment

Three authors (Y-CL, YY, and M-MY) conducted the
literature search and extracted the data. Any uncertain-
ties with the inclusion and exclusion criteria and data
extraction were discussed and consensus was reached by
consensus. Variables extracted from each study were the
name of the first author, the name of the study, the year
of publication, the type of study, the geographical loca-
tion, the number of study centers, the definition criteria
of sepsis, the location of patients (ER, hospital or ICU),
sample size, age, sex, the number of deaths, and the type
of outcome measure (length of follow-up, 28-30 days
mortality, 90 days mortality). The risk of bias was evalu-
ated via ROBINS-I tool. Publication bias was evaluated
by the Egger test and Begg funnel plot.

Statistical analysis

Random-effects models were used to estimate pooled
frequencies and mortality from sepsis, septic shock, and
severe sepsis. Separate pooled random effects mortality
analyzes were performed in the following subgroups: def-
inition of sepsis-3 and definition and non-sepsis-3 defini-
tion; 28—30 days and in-hospital mortality; retrospective
and prospective studies; single-center and multiple-
center studies; ICU, hospital wards, and location of the
ED. Statistical heterogeneity was visually assessed using
forest plots and formally using the I? statistic; heteroge-
neity was considered high for I values greater than 50%.
All analyzes were performed using Stata software (Stata-
Corp LP, College Station, TX, USA) version 14.0 and the
package ‘metan’

Results

The searches yielded 846 citations. After 261 duplicates
were removed, we reviewed the titles and abstracts, and
468 articles were excluded. Of the remaining 117 studies,
88 were excluded after reviewing the full article. A total
of five studies for frequency and 29 studies (33 data sets)
for mortality were included in the review. Figure 1 shows
the study flow for the selection process. Risk of bias in
included studies were assessed via ROBINS-I tool (Addi-
tional file 1: Figs. S1 and S2). Funnel plots were used to
describe the publication bias on sepsis and septic shock
mortality (Additional file 1: Fig. S3). Meta-regression
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9 Editorial or review
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29 Records (frequency and mortality studies) included
5 records for frequency study
33 data sets from 29 records for mortality study

studies eligible for meta-analysis

Fig. 1 HYPERLINK "sps:id:fig1||locator:gr1||MediaObject:0" PRISMA flow chart of studies. PRISMA flowchart describing the process of selecting

analyses on sepsis and septic shock mortality were con-
ducted using the “metareg” function in Stata (Additional
file 1).

Descriptive characteristics

Frequency data were reported in 5 studies (7 data sets)
that covered 6,852 patients (five were conducted in the
ICU and two were conducted hospital-wide). Mortality
data was reported in 29 studies (33 data sets), including
12,108 septic patients (sepsis, severe sepsis, and septic

shock) (Table 1). Most of the included studies were car-
ried out in the ICU (n=23), followed by ED (n=4) and
hospital admission studies (n=2).

Sepsis frequency

Five studies reported that the frequency of sepsis in the
ICU ranged from 20.6% (8) to 50.8% (13). The overall
pooled frequency of sepsis was estimated at 33.6% (95%
CI 25.9% to 41.3%) with a high level of heterogeneity
(I>=99.2%; p <0.001). Only one study reported the sepsis
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frequency in hospital wards patients [14], 8.1% in the
Sepsis-1 criteria, and 4.4% in Sepsis-3 criteria. There is a
lack of studies on the frequency of sepsis in the ED and
population-based studies. Because of the small number
of included studies and the changing definition of sepsis,
trends in sepsis frequency were not sufficient for analysis.

Mortality of sepsis

Fourteen studies (7775 participants) reported that sep-
sis mortality (28-30d or in-hospital) of sepsis ranged
between 10.3% and 44.4%. The pooled mortality was
29.0% (95% CI 25.3%-32.8%), and I* for heterogeneity
of 92.1% indicated high heterogeneity (Fig. 2). Only one
study reported the mortality at 90 days mortality (2322
participants), which was 33.5%, much higher than the
mortality at 28—-30 days and in-hospital mortality.

Five subgroups meta-analysis using random-effects
model were performed to evaluate the mortality of sep-
sis (Fig. 3A). Data from the definition of sepsis-3 (N=5
studies with 2,115 participants) reported an average
mortality rate of sepsis of 29.7% (95% CI 26.4%-33.0%,
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1=57.4%) compared to the definition of studies (N=9
studies with 5,620 participants) of 29.0% (95% CI 23.8%—
34.2%, 1*=94.0%). Observed mortality at 28-30 days
of sepsis (N=10 studies with 2949 participants) was
29.1% (95% CI 24.3%—34.0%, 1>=87.8%), while mortal-
ity (N=4 studies with 4826 participants) was 28.6% (95%
CI 22.5%—34.6%, I>=95.2%). Retrospective studies (N=8
studies with 5750 participants) reported an average sepsis
mortality rate of 28.3% (95% CI 24.0%—32.6%, =91.1%)
compared to prospective studies (N =6 studies with 2025
participants) of 30.0% (95% CI 22.3%-37.6%, 12=92.6%)
Single center studies (N=8 studies with 4146 partici-
pants) reported an average sepsis mortality rate of 30.3%
(95% CI 24.4%-36.1%, 1*=92.6%) compared to multiple
center studies (N=6 studies with 3629 participants) of
27.4% (95% CI 21.9%-33.0%, 1°=91.7%). N=7 stud-
ies with 3664 participants conducted in ICU reported
an average sepsis mortality rate of 31.3% (95% CI 25.6—
37.1%, 1*=91.4%), compared to studies conducted in
hospital wards (N=3 studies with 2749 participants)
of 24.3% (95% CI 15.4%-33.1%, 1>=95.1%) and studies

Study ID ES (95% CI) Weight (%)
Non-sepsis-3 definition .
Chen 2019 | —— 0.37 (0.32, 0.43) 7.24
1
Wang 2014 ! —— 0.44(0.37,0.51) 6.55
Yin 2014 X
n :+ 0.33 (0.30, 0.37) 7.83
Cheng 2017 !
—— 0.31(0.25, 0.38) 6.67
Huang 2018 1
_— ! 0.10 (0.01, 0.20) 5.49
Zhou 2018 :
Zhang Z 2019 ! —— 0.42(0.34,0.49) 6.43
Xing 2019 - i 0.24 (0.22, 0.26) 8.23
Dong 2020 — : 0.19 (0.15, 0.24) 7.52
1
Sepsis-3 definition - 0.21(0.19, 0.22) 8.22
1
Cheng 2017 ——— 0.33 (0.26, 0.40) 6.54
1
Jiang 2019 —— 0.19 (0.12, 0.27) 6.18
1
Zhang W 2019 = 0.30 (0.26, 0.33) 7.82
Dong 2020 - 0.32(0.29, 0.35) 7.98
1
Zhao 2020 —— 0.30 (0.25, 0.35) 7.31
1
Overall (I-squared = 92.1%, p = 0.000) <> 0.29 (0.25, 0.33) 100.00
NOTE: Weights are from random effects analysis :
!
[ [
-513 0 513
Fig. 2 Random effects meta-analysis of studies reporting mortality of sepsis patients. The forest plots contain exact 95% confidence intervals, and
specific studies are weighted using the inverse-variance method
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Fig. 3 Subgroups analysis of sepsis and septic shock mortality. Comparison of pooled mortality rates of sepsis A and septic shock B derived
from non-sepsis-3, sepsis-3, 28-30d, in-hospital, 90d, prospective, retrospective, single center, multiple centers, ED, hospital-wide, and ICU studies,
showing rates and 95% confidence intervals

conducted in ED (N=4 studies with 1362 participants)
of 28.8% (95% CI 21.1-36.4%, I>=87.9%).

Mortality of severe sepsis

The mortality rate of severe sepsis defined before Sep-
sis-3 was evaluated in nine studies, with 1895 partici-
pants. The overall pooled mortality of severe sepsis was
estimated at 31.1% (95% CI 25.3% to 36.9%) with a high
level of heterogeneity (I*=85.8%; p <0.001) (Fig. 4).

Mortality of septic shock

Data on septic shock mortality (28-30d or in-hospi-
tal) were obtained from ten studies, and 1932 partici-
pants. The pooled mortality rate was 37.3% (95% CI
28.6%—46.0%), I for 93.5% heterogeneity indicated high

heterogeneity (Fig. 5). Meta-analysis of four subgroups
using a random-effects model was performed to evalu-
ate the mortality of septic shock (Fig. 3B). Two studies
using the sepsis-3 definition reported an average mor-
tality rate of 46.4% (95% CI 14.2%-78.7%, 12=98.3%),
whereas eight studies using the non-sepsis-3 defini-
tion reported an average mortality rate of 34.8% (95%
CI 26.8%-42.8%, 1>=88.8%). Single center studies
(N=6) reported an average mortality rate from septic
shock of 37.4% (95% CI 21.3%—53.4%, I*=94.7%) com-
pared to multiple center studies (N=4) of 37.1% (95%
CI 26.8%—47.4%, I>=92.6%). Mortality of septic shock
at 28/30 days (N=9) was estimated at 35.9% (95% CI
26.5% to 45.3%, 1>=93.3%), while only one study was
observed in-hospital mortality, which was 48.7%, much
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Study ID ES (95% ClI) Weight (%)
Chen 2007 i —— 0.45(0.39, 0.50) 12.12
Yang 2007 i —— 0.44 (0.38, 0.50) 11.72
Li 2013 —— 0.3 (0.27, 0.39) 1174
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Fig. 4 Random effects meta-analysis of studies reporting mortality of severe sepsis patients. The forest plots contain exact 95% confidence
intervals, and specific studies are weighted using the inverse-variance method
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Fig. 5 Random effects meta-analysis of studies reporting mortality of septic shock patients. The forest plots contain exact 95% confidence intervals,

and specific studies are weighted using the inverse-variance method
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higher than 28/30 days. Nine studies carried out in
the ICU reported an average mortality rate from sep-
tic shock of 38.1% (95% CI 28.8—47.4%), while only one
study carried out in the ED reported a mortality rate of
29.8%.

Discussion

To our knowledge, this systematic review is the first to
investigate sepsis epidemiology in the mainland of China.
Our result shows that 33.6% of patients in ICU have a
diagnosis of sepsis on the mainland of China. The overall
mortality of pooled sepsis (28-30d or in-hospital) is 29.0%
(95% CI 25.3%—32.8%) with high heterogeneity. The over-
all mortality (28-30d or in-hospital) in septic shock and
severe sepsis are 37.3% (95% CI 28.6%—46.0%) and 31.1%
(95% CI 25.3% to 36.9%). Most of the data were extracted
from ICU studies and a huge demand for the epidemi-
ology of sepsis in the ED, hospital ward, or population-
based studies are urgently needed.

Bauer et al. [6] and Vincent et al. [7] reviewed the fre-
quency and mortality of sepsis and septic shock spe-
cifically in Europe and North America, however, the
epidemiology of sepsis and septic shock in Asia, Africa,
and South America countries were excluded due to non-
comparable healthcare systems [15]. Studies revealed
that the frequency of septic shock in Europe and North
America was 10.4% at ICU admission and 8.3% at any
time during the ICU stay. The frequency of sepsis diag-
nosed at any time of ICU stay was estimated at 34% in
China, while there is not enough data on the frequency of
septic shock in hospital wards, ED, or population-based
studies. Our results show that the average mortality of
30-day sepsis in China is 29.5%, which is higher than
24.4% in Europe and North America. The overall mor-
tality from septic shock in China is 37.3%, which is also
higher than 33.7% in North America, 32.5% in Europe,
and 26.4% in Australia.

Several reasons may explain this difference. First, with
unevenly distributed medical resources, ED crowding
is especially serious in China [16], which is a major bar-
rier for septic patients to receive timely emergency care.
Second, there are only 3.6 ICU beds per 100,000 capita
in China compared with 34.7 in the US and 29.2 in Ger-
many [17]. Third, the residency and fellowship train-
ing program for critical care medicine in China was not
established until April 2020. Clinicians have deficiencies
in understanding the concept evolution and the stand-
ard treatment of sepsis, especially the non-emergency
and ICU clinicians. Fourth, China’s population is severely
aging [18], which also increases the frequency and mor-
tality of sepsis mortality, as the incidence of sepsis is
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disproportionately increased in elderly adults, and age is
an independent predictor of mortality [19]. Finally, anti-
microbial resistance caused by misuse and overuse of
antibiotics also increases the mortality of sepsis [20].

Based on our findings, we offer the following recom-
mendations for healthcare systems to improve the fre-
quency and mortality of sepsis in China. Strengthening
the construction of an emergency triage system and
improving the current situation of ED crowding. Increas-
ing the per capita ratio of beds in the ED and ICU beds.
Strengthening the critical care medicine professional
training of non-emergency and ICU clinicians. Standard-
izing the rational use of antibiotics.

Our study has some limitations. First, there is a lack
of studies on the frequency of sepsis, especially after
the definition of Sepsis-3. Several studies reported the
frequency of sepsis in the ICU; however, there are very
few studies in hospital wards and ED. Prompt identi-
fication and appropriate treatment of sepsis in the ED
are crucial to improving patient outcomes [21], there-
fore, studies on the frequency of sepsis in the ED are
desperately needed in future research on sepsis. Sec-
ond, we pooled the 28-30d mortality and in-hospital
mortality together in the sepsis and septic shock mor-
tality research due to the insufficient number of stud-
ies, which may have an impact on the results. Third,
the heterogeneous inclusion criteria of included stud-
ies induced by the evolving definition of sepsis may also
have an impact on the combined results. Fourth, unbal-
anced regional development in China led to a lack of
data in economically underdeveloped regions, which
may result in low estimates of the frequency and mor-
tality of sepsis and septic shock.

Our study has some strengths. To our knowledge, this
is the first meta-analysis of epidemiological studies of
Chinese sepsis. We included not only observational stud-
ies but also interventional or RCT studies. This broad
inclusion criteria represent a more realistic range of
patients with sepsis and septic shock.

Conclusions

Our study provides the first systematic review to inves-
tigate the epidemiology of sepsis on China’s mainland.
Our findings indicated that the frequency and mortality
of sepsis and septic shock in China were much higher
than North America and Europe countries. Based on
our results, an extremely high incidence and mortality of
sepsis and septic shock in China’s mainland require more
healthcare budget support. Epidemiological data on sep-
sis and septic shock in the ED are severely lacking; More
research is urgently needed in this area.
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