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Abstract 

Background  The scarcity of sepsis epidemiologic data from most low- and middle-income countries (LMICs) ham-
pered estimation of regional and global burden of the disease, and provided limited guidance for policy makers. We 
aimed to characterize and analyze the temporal trends of sepsis-related mortality in China, by population groups, 
underlying causes of death, geographic regions, and sociodemographic index (SDI) levels.

Methods  Sepsis-related deaths were identified from the National Mortality Surveillance System (NMSS) of China 
from 2006 to 2020. Trends of sepsis-related mortality and years of life lost (YLLs), stratified by age, sex, underlying 
diseases, and regions were analyzed using the Jointpoint regression analysis. We investigated the association of SDI 
with trends of sepsis-related mortality.

Results  In 2020, sepsis was estimated to be responsible for 986,929 deaths and 17.1 million YLLs in China. Age-
standardized sepsis-related mortality significantly declined from 130.2 (95%CI, 129.4–131) per 100,000 population 
in 2006 to 76.6 (76.3–76.9) in 2020. Age-standardized YLLs decreased from 2172.7 (2169.4–2176) per 100,000 popula-
tion in 2006 to 1271 (1269.8–1272.2) in 2020. Substantial variations of sepsis-related mortality and YLLs were observed 
between population groups and regions, with higher burden in males, the elderly, and western China. An inverse 
relation was noted between SDI and sepsis-related mortality or YLLs.

Conclusions  Despite declining trends of age-standardized mortality and YLLs of sepsis in China, significant dispari-
ties between population groups and regions highlight a need for targeted policies and measures to close the gaps 
and improve the outcome of sepsis.
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Background
Sepsis is defined as life-threatening organ dysfunction 
due to a dysregulated host response to infection [1]. It 
is a global health threat with high incidence and mortal-
ity. The Global Burden of Disease (GBD) Study estimated 
48.9 million incident cases of sepsis and 11.0 million 
sepsis-related deaths worldwide in 2017, representing 
19.7% of global deaths [2]. As was emphasized by the 
World Health Organization (WHO) Global Report on 
the Epidemiology and Burden of Sepsis, epidemiological 
research of sepsis is critical to inform interventions for 
its prevention, diagnosis and management considering its 
serious consequences and preventable nature. [3]
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However, the scarcity of sepsis epidemiologic data 
from most low- and middle-income countries (LMICs) 
hampered calculations and understanding of global 
estimates [2, 4, 5]. In China, epidemiological studies of 
sepsis were limited to hospital-based approach that did 
not cover the whole population or capture sepsis cases 
occurring outside the hospital setting [6–8]. To address 
these limitations, we used vital registration death records 
from the National Mortality Surveillance System (NMSS) 
of China. Previously, a population-based analysis of the 
NMSS reported a standardized sepsis-related mortality 
of 66.7 per 100,000 population, producing a national esti-
mate of 1,025,997 sepsis-related deaths in 2015 [9]. Based 
on the NMSS and a public hospital inpatient discharge 
abstract database, a recent study estimated an annual 
standardized incidence of hospitalized sepsis of 328.25–
421.85 cases per 100,000 population in China from 2017 
to 2019 [10].

Nevertheless, no study has characterized temporal 
trends of sepsis-related mortality in China. The nation 
has been undergoing rapid transition of cause-of-death 
patterns from infectious diseases to noncommunicable 
causes, with large gaps between population groups and 
provinces [11]. Investigations into trends of sepsis-related 
mortality and their demographic variations are implica-
tive for the response of the healthcare system to the chal-
lenges posed by epidemiological shifts and diverse needs 
across China.

The sociodemographic index (SDI), developed by 
GBD researchers, is a composite indicator constructed 
from measures of per capita income, average years of 
education, and total fertility rates [12]. The SDI identi-
fies, where countries or regions sit on the spectrum of 
development, and is associated with many population 
health indicators [13, 14]. Understanding the relationship 
between sociodemographic level and sepsis-related mor-
tality may provide evidence for interventions of priority 
to reduce health loss of sepsis.

Based on the NMSS, we conducted a study to char-
acterize temporal trends of sepsis-related mortality at 
national and provincial levels of China from 2006 to 
2020, stratified by sex, age, and underlying diseases. Sep-
sis burden was also quantified by years of life lost (YLLs). 
In addition, we analyzed the association between SDI and 
subnational disparities of sepsis-related death.

Methods
Data source
Mortality data were derived from the NMSS, which cov-
ers 323.8 million population (24.3% of the total popula-
tion of China) and comprises 605 disease surveillance 
points (DSPs) across all 31 provinces, municipalities, and 
autonomous regions in China [15]. Representativeness 

of the NMSS data was achieved by the following proce-
dures. First, at least 5 million or 20% of the total popu-
lation in each province were under surveillance. Second, 
surveillance points were selected from each of 8 strata of 
counties and districts divided according to the degree of 
urbanization, population size and crude mortality rate in 
each province. Third, representativeness of surveillance 
points was evaluated using four parameters, i.e., urbani-
zation index, ratio of population 65 years or older, ratio 
of population 15  years or younger, and crude mortality 
rate. An iterative process was conducted until there was 
no significant difference between the combination of 
selected surveillance points and the whole province for 
each given parameter.

The completeness and accuracy of data from NMSS 
was ensured by annual quality control meetings, staff 
training courses, development of regulations for death 
registration, and site quality inspection, following the 
strategies of the World Health Organization [16].

We collected information of all death certificates 
reported to the NMSS from 2006 to 2020, including 
immediate or intermediate causes of death, underlying 
causes of death (UCD), and demographic characteristics 
(Additional file 1: Table S1). We also recorded the place, 
where causes of death were determined, because fami-
lies might transfer hospitalized patients with impending 
death back home. Population data were collected from 
the China National Bureau of Statistics [17]. SDI data 
were obtained from the Global Burden of Disease Study 
2019 [18].

Definitions
We adopted the approach used and validated in previ-
ous studies that presumed death attributed to infection 
as sepsis-related [9, 19–21]. Sepsis-related mortality was 
identified in NMSS if any International Classification 
of Diseases 10th (ICD-10) revision code of acute infec-
tion was listed among immediate or intermediate causes 
of death in part I of death certificates (Additional file 1: 
Table S2). ICD-10 codes of infection were derived from 
the modified Angus criteria [22] with the addition of 
codes of chronic bronchitis (J40, J41, J41.0, J41.1, J41.8, 
J42, J44.0, J44.1), which probably indicated an infec-
tious cause of acute exacerbation of chronic bronchitis. 
Underlying causes of sepsis-related deaths are reported 
according to the underlying GBD causes, 2020 Year book 
of health in the People’s Republic of China, and National 
Standard Classification and Codes of Diseases (Addi-
tional file 1: Table S3) [18, 23, 24].

Mortality and YLLs
Sepsis-related mortality was estimated at national and 
provincial levels from 2006 to 2020, stratified by sex, age, 
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underlying diseases, and place of death. Age-standard-
ized mortality was calculated using the direct method of 
standardizing to the population of 2020 China Census. 
YLLs at national and provincial levels were estimated by 
multiplying the counts of death in each age group by the 
standard remaining life expectancy at the age of death. 
We used Poisson regression to estimate 95% confidence 
intervals (CIs) for sepsis-related deaths, mortality, and 
YLLs at national and provincial levels.

Analysis of temporal trends
Trends of age-standardized mortality were tracked using 
the Jointpoint regression analysis and reported as average 
annual percentage changes (AAPCs) with 95%CIs [25]. A 
trend was considered decreasing if AAPC was negative 
and the 95%CI did not include zero. Positive AAPC and 
95%CI indicated increasing trend.

Correlation analysis of sepsis burden and SDI
Ranging from 0 to 100, the SDI is a composite average of 
lag-distributed income per capta, average years of edu-
cation for those aged 15 and older, and total fertility rate 
among women younger than 25 years. Based on SDI from 
1990 to 2019, simple linear regression was used to predict 
the SDI in 2020. We analyzed the correlation between 
sepsis-related mortality and SDI from 2006 to 2020 using 
Spearman’s rho coefficients. Trends of age-standardized 
sepsis-related mortality and YLLs at provincial level were 
compared with expected levels based on SDI.

Statistical analysis and data visualization
Statistical analyses were conducted using the R program 
(version 4.0.2; R Foundation for Statistical Computing) 
and Joinpoint software (version 4.9.0.0. March 2021; Sta-
tistical Research and Applications Branch, National Can-
cer Institute). Data visualization was performed using 
GraphPad Prism (version 9.0; GraphPad Software, Inc., 
USA), QGIS (version 3.22; QGIS Geographic Informa-
tion System), and R program (version 4.0.2; R Foundation 
for Statistical Computing).

Results
From 2006 to 2020, there were 2,371,274 sepsis-related 
deaths reported to the NMSS, representing 12.4% of 
total deaths. Sepsis was estimated to be responsible for 
986,929 deaths and 17.1 million YLLs in 2020 nation-
ally. Age-standardized sepsis-related mortality decreased 
from 130.2 (95%CI 129.4–131) per 100,000 population in 
2006 to 76.6 (76.3–76.9) in 2020 (AAPC, − 4.0%; 95%CI 
−  5.5% to −  2.5%). Age-standardized YLLs of sepsis 
declined from 2172.6 (2169.4–2176) per 100,000 popu-
lation in 2006 to 1271 (95%CI, 1269.8–1272.2) in 2020 
(AAPC, −  3.7%; 95%CI −  5% to −  2.5%) (Table  1 and 
Additional file 1: Table S4).

Age-standardized mortality and YLLs of sepsis was 
higher among male than female throughout the study 
period (Table  1 and Additional file  1: Table  S4). Trends 
of sepsis-related mortality remained stable for male 
(AAPC, −  2.3%; 95%CI −  6.3% to 1.8%), and decreased 

Table 1  Number of deaths, age-standardized mortality and YLLs related to sepsis in China, for all ages, both sexes, 2006–2020

95%CI 95% confidence interval, AAPC average annual percentage change, YLLs years of life lost

2006 2020 Percentage change (%) 
or AAPC (%, 95%CI), 
2006–2020

Age-standardized mortality per 100,000 population (95%CI)

 Both sexes 130.2 (129.4–131) 76.6 (76.3–76.9) − 4 (− 5.5 to − 2.5)

 Male 161.3 (160.1–162.6) 101.6 (101.1–102) − 2.3 (− 6.3 to 1.8)

 Female 106.6 (105.5–107.6) 56 (55.6–56.3) − 4.6 (− 6.1 to − 3.1)

Number of deaths (95%CI), national estimate

 Both sexes 834487 (827141–841833) 986929 (982960–990898) 18.3

 Male 466370 (460866–471874) 588653 (585582–591723) 26.2

 Female 368514 (363643–373385) 398830 (396310–401349) 8.2

Age-standardized YLLs per 100,000 population (95%CI)

 Both sexes 2172.7 (2169.4–2176) 1271 (1269.8–1272.2) − 3.7 (− 5 to − 2.5)

 Male 2707.9 (2702.8–2713) 1716.6 (1714.7–1718.6) − 3.3 (− 4.6 to − 2)

 Female 1715.3 (1711.2–1719.5) 868.8 (867.4–870.2) − 4.6 (− 5.9 to − 3.4)

YLLs (95%CI), national estimate

 Both sexes 18430833 (18299943–18561723) 17106784 (17046559–17167009) − 7.2

 Male 10879159 (10778968–10979350) 10948986 (10900837–10997135) 0.6

 Female 7565565 (7482067–7649063) 6172321 (6136662–6207979) − 18.4
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among female (AAPC, − 4.6%; 95%CI − 6.1% to − 3.1%). 
Decreasing trends of sepsis-related YLLs were noted 
among both sexes (AAPC, −  3.3% [95%CI −  4.6% to 
− 2%] for male and − 4.6% [− 5.9% to − 3.4%] for female). 
The gender difference was observed in most age groups 
(Fig.  1 and Additional file  1: Table  S5), provinces, and 
underlying causes of death (data not shown).

Sepsis caused more deaths in the elderly, especially 
those over 75  years, compared with other age groups. 
The proportion of decedents aged 85  years and over 
increased to 32.8% of all sepsis-related deaths during the 
study period (Fig. 2 and Additional file 1: Fig. S1). In most 
age groups, sepsis-related mortality and YLLs declined, 
with the largest decreases noted among those under 
1 year (Fig.  1 and Additional file  1: Table  S5). In males, 
sepsis-related mortality decreased significantly in age 
groups under 1 year and 55–84 years, and remained sta-
ble in other age groups. In females, sepsis-related mortal-
ity was unchanged in age groups 1–4 years and greater 
than 85 years, and decreased significantly in all the other 
age groups. For both sexes, sepsis-related YLLs declined 
through childhood, remained low in early adulthood, 
increased in older adults, and reached the peak among 
the elderly.

Chronic respiratory diseases and lower respira-
tory infections remained the top underlying causes of 

sepsis-related deaths in 2020. However, rising trends 
were observed in cerebrovascular disease, neoplasms, 
digestive diseases, and cardiovascular diseases, which 
were listed as underlying causes in 2.6–8.6% of sepsis-
related deaths in 2020 (Fig. 3). Age-standardized sepsis-
related mortality from underlying causes of neoplasms, 
cardiovascular diseases, cerebrovascular disease, and 
chronic respiratory diseases were higher than other 
UCDs. Over the study period, trends of age-standardized 
mortality from most UCDs remained unchanged, except 
for declining trends of sepsis-related mortality from 
chronic respiratory diseases and chronic kidney disease 
(Additional file 1: Fig. S2).

Nearly, 70% of sepsis-related death occurred at home 
during the study period, with a decreasing trend from 
80.69% in 2006 to 66.95% in 2020 (Additional file 1: Fig. 
S3). The percentage of sepsis-related death in hospital 
increased from 15.57% to 30.34%. Substantial variation in 
the place of sepsis-related death was noted across China. 
The percentage of septic decedents dying at home in 2020 
ranged from 10.6% in Beijing to 87.1% in Jiangsu prov-
ince, with potentially inverse relation to SDI (ρ = − 0.57, 
p < 0.001). The decreasing percentage of sepsis-related 
death at home was observed in 25 out of 31 provinces, 
with changes inversely correlated with SDI (ρ = −  0.46, 
p = 0.02). (Additional file 1: Fig. S4).

Fig. 1  Sepsis-related YLLs per 100,000 population in China, 2006–2020, by sex and age. YLLs years of life lost
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The burden of sepsis-related death varied substan-
tially across the nation (Additional file 1: Table S6, Figs. 
S5 and S6). In 2020, the highest burden was observed 
in western China, including Yunnan, Guangxi, 

Guizhou, Qinghai, Sichuan, and Xinjiang, with age-
standardized sepsis-related mortality of 122.8–151.2 
per 100,000 population and age-standardized YLLs of 
2043.5–2591.3 per 100,000 population. Nonetheless, 

Fig. 2  Percentage of all sepsis-related deaths for both sexes in China, 2006–2020, by age

Fig. 3  Percentage of all sepsis-related deaths for both sexes in China, 2006–2020, by underlying cause
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lower burden was found in northeast and central prov-
inces, including Jilin, Liaoning, Tianjin, Shandong, and 
Hebei, with age-standardized sepsis-related mortal-
ity of 39–45.4 per 100,000 population and age-stand-
ardized YLLs of 715.9–798.7 per 100,000 population. 
Age-standardized mortality decreased or remained 
stable over the study period in all provinces. The larg-
est decreases were found in Zhejiang (AAPC, −  8.5%; 
95%CI −  10.6% to −  6.3%), Hunan (−  7.0%, −  9.1% 
to −  4.8%), and Ningxia (−  7.0%, −  10.0% to −  4.0%). 
Trends of age-standardized YLLs were consistent 
with those of mortality, with the largest decline from 
2006 to 2020 observed in Zhejiang (−  66.1%), Ningxia 
(− 65.3%), and Shanxi (− 61.7%).

At national and provincial level, SDI was inversely 
correlated with age-standardized sepsis-related mortal-
ity (ρ = − 0.59, p < 0.001) and YLLs (ρ = − 0.65, p < 0.001) 
(Fig. 4). With a non-linear nature-based solely on SDI, 
the expected burden of sepsis-related mortality and 
YLLs declined with increasing SDI and slowed down 
after SDI reached 70. Paradoxically, increasing trends 
of sepsis-related mortality and YLLs with rising SDI 
were observed in Tibet. Large disparities were noted 
across the nation comparing observed versus expected 
patterns of sepsis-related deaths. In eastern China, sep-
sis-related mortality and YLLs were close to expected 
levels based on SDI. The burden of sepsis-related death 
remained below expected levels and decreased with 
rising SDI in most central and northeast provinces. In 
most parts of western China, sepsis-related mortality 

and YLLs were higher than expected with closing gaps 
between observed and expected levels.

Discussion
Our study is the first to provide nationwide, longitudinal, 
population-based reports of sepsis-related mortality in 
China. The use of national vital registry records allowed 
us to capture both in-hospital deaths and those out of 
hospital settings, with the latter in the majority according 
to our findings and previous studies [26–28].

A declining trend of age-standardized sepsis-related 
mortality was found across the study period from 2006 
to 2020 with an annual age-standardized mortality of 
76.6 and YLLs of 1271 per 100,000 population in 2020. 
The results are consistent with a recent analysis of Global 
Burden of Disease Study which demonstrated decreasing 
trends of sepsis-related mortality from 1990 to 2017 [2]. 
A stable trend of sepsis-related mortality was noted in the 
US from 2005 to 2018 in another study [29]. Nonetheless, 
substantial disparities between population groups and 
provinces were noted by all the studies.

Our findings are implicative for efforts to reduce the 
burden of sepsis in China.

First, sepsis-related health loss poses heavy burden on 
the healthcare system of China. The age-standardized 
sepsis-related mortality and YLLs rank only next to 
deaths caused by neoplasms, cardiovascular diseases, and 
chronic respiratory diseases [11, 18]. Although progress 
was made to reduce sepsis-related mortality especially 
among children, there is still urgent needs for public 

Fig. 4  Age-standardized sepsis-related (A) mortality and (B) YLLs per 100,000 population in China, 2006–2020, by SDI. Black line indicates expected 
values based on SDI. For each province, points from left to right depict estimates from each year from 2006 to 2020. Each color represents one 
of the four geographical regions including East (n = 10), Central (n = 6), West (n = 12), and Northeast (n = 3). SDI Sociodemographic Index, YLLs years 
of life lost
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health measures to improve awareness and control of 
sepsis.

Second, we found that sepsis-related deaths and crude 
sepsis-related mortality remained stable despite the 
decreasing trend of age-standardized mortality. These 
findings might largely be explained by aging of the popu-
lation in China, since those aged 65 and over nearly dou-
bled during the study period [17]. Meanwhile, there was 
a substantial growth of the proportion of decedents aged 
75 and over among sepsis-related deaths. Sepsis would 
probably continue to exert huge burden on the aging 
population of China for years to come. There is a need 
for cost-effective actions to improve prevention, iden-
tification, and management of sepsis among vulnerable 
population.

Third, sepsis-related mortality and YLLs were higher 
among male than female throughout the study period. 
These findings were consistent with multiple studies 
evaluating regional or global mortality of sepsis [2, 19–
21, 29]. Previous studies also found higher incidence of 
sepsis among male than female [10, 30]. Since the sex 
differences were persistent in all age groups, provinces, 
and underlying causes of death in our study, those fac-
tors were unlikely to be main drivers of disparities [11]. 
Several explanations have been proposed by previous 
studies, including biological factors, lifestyle behaviors, 
comorbidities, sources of infection, causative pathogens, 
and differences in assessment and treatment [31–33]. 
Further studies are needed to address risk factors under-
lying sex disparities of sepsis-related death.

Fourth, a potential shift was noted from infectious dis-
eases (e.g., lower respiratory infections) to non-commu-
nicable diseases (e.g., neoplasms, cardiovascular diseases, 
and cerebrovascular disease) for underlying causes of 
sepsis-related deaths, which is consistent with global and 
national trends [2, 11, 18]. Public health work could tar-
get efforts to prevent and manage sepsis in patient groups 
with chronic diseases and integrate action plans with 
existing public health systems of other diseases.

Fifth, home remained the predominant place, where 
septic patients die, but a shift from home to hospital 
was noted, especially in provinces with higher soci-
odemographic level. According to our recent analysis 
of a 0.5-million Chinese cohort followed up for 8 years, 
71.5% of deaths occurred at home, with a large propor-
tion discharged from hospital within 7  days prior to 
death [26]. The distribution of the place of death might 
be an interplay of cultural and socioeconomic factors. 
The deeply rooted Chinese culture prompted families 
to transfer dying patients back home, which highlights 
substantial and diverse needs for end-of-life care ser-
vices at the terminal stage of sepsis in China. Meanwhile, 
our study noted the potentially inverse relation between 

sepsis-related death at home and sociodemographic 
level. Previous studies also revealed that patients with 
older age, lower socioeconomic status and less coverage 
of health insurance were more likely to die at home [26, 
28, 34, 35]. Endeavors to improve access to healthcare 
resources among septic patients should be prioritized 
due to the socioeconomic effect on place of death.

Sixth, significant heterogeneity was found in sepsis-
related mortality between provinces. Sepsis-related mor-
tality and YLLs were generally higher in western China, 
and lower in eastern and central provinces. Decreasing 
or stable trends of sepsis-related mortality were noted 
in most parts of China. We investigated the cause of the 
variability using SDI, a development scale associated 
with public health outcomes. Consistent with a previ-
ous study [2] an inverse relation was noted between SDI 
and sepsis-related mortality or YLLs. Based on SDI val-
ues of provinces, observed levels of sepsis-related health 
loss could be compared with their expected levels on the 
spectrum of development to evaluate whether their pre-
vention and management of sepsis is in line with expecta-
tion. Not all that simple, non-linear relation was shown 
on both ends of SDI. Increasing mortality with rising SDI 
in Tibet might be explained by decreasing rate of under-
reporting of death [36, 37]. On the other end, patients 
with complicated or severe illnesses from low or middle 
SDI provinces seek healthcare in high SDI provinces (e.g., 
Beijing and Shanghai) [38–40]. An analysis revealed that 
0.6 million inpatients, who accounted for 20% of total 
hospitalizations, travelled across the country to Beijing in 
2015 [38]. Although the NMSS did not achieve recogni-
tion of cross-regional decedents, the phenomenon might 
have influence on sepsis-related mortality in high SDI 
provinces. Given the complexity of provincial differences 
in sepsis-related mortality, further investigations into the 
causes and complicating factors are necessary.

Our study has several limitations. First, misclassifica-
tion of sepsis-related deaths might result from underre-
porting or misdiagnosis of infection. The underreporting 
rate of deaths caused by infectious diseases was 11.1% 
in 2011 [37], and it was reported that 2.73% of causes of 
death in China were coded inaccurately in 2012 [41]. To 
address the challenges, multiple measures following the 
strategies of the World Health Organization have been 
implemented to promote completeness and accuracy of 
death registration in the NMSS [15, 16]. Second, poten-
tial bias might be introduced by the sample population 
of the NMSS. However, rigorous procedures, as stated 
above, were used to ensure the representativeness of the 
mortality surveillance system [15]. Data from the NMSS 
have been reliably and extensively used to assess the 
regional, national, and global burden of disease [11, 18]. 
Third, the ICD coding algorithm, which was based on 
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infection codes of Angus criteria rather than organ dys-
function codes composing sepsis-3 criteria, might lead to 
overestimation of sepsis-related deaths compared with 
implicit or explicit sepsis codes. However, organ dysfunc-
tion was remarkably underreported due to limited fields 
on the death certificate for filling complete list of causes. 
Most decedents identified by the infection codes would 
be expected to have experienced organ dysfunction as the 
mechanism of death. Third, the incidence and case–fatal-
ity were not reported due to the lack of epidemiologic 
data.

Conclusions
Based on the national mortality surveillance system, 
we demonstrated a substantial burden of sepsis-related 
health loss in China. Although decreasing trends of age-
standardized mortality and YLLs were noted, there are 
still significant disparities between population groups 
and provinces. Clinicians, researchers, and policy makers 
should align efforts to investigate causes of the dispari-
ties, establish policies to close the differences, and imple-
ment measures to improve outcomes of sepsis.
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