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ABSTRACT
Objectives: To quantify mortality associated with

ARTICLE SUMMARY

sepsis in the whole population of England.

Article focus

Design: Descriptive statistics of multiple cause of

▪ A large proportion of patients admitted to critical
care units with sepsis die; if sepsis is identified
and treated earlier, mortality can be reduced producing cost-effective benefits in terms of life
years/quality-adjusted life years gained.
▪ Assessing sepsis-associated mortality is not
straightforward as there are no codes for sepsis
in International Classification of Diseases, 10th
Revision (ICD-10) and sepsis-related conditions
are often not selected as the underlying cause of
death.
▪ Multiple cause of death (MCOD) data are now
available for deaths in the UK and provide a way
of determining those that are associated with
sepsis.

death data.
Setting: England between 2001 and 2010.
Participants: All people whose death was registered
in England between 2001 and 2010 and whose
certificate contained a sepsis-associated International
Classification of Diseases, 10th Revision (ICD-10)
code.
Data sources: Multiple cause of death data extracted
from Office for National Statistics mortality database.
Statistical methods: Age-specific and sex-specific
death rates and direct age-standardised death rates.
Results: In 2010, 5.1% of deaths in England were
definitely associated with sepsis. Adding those that
may be associated with sepsis increases this figure to
7.7% of all deaths. Only 8.6% of deaths definitely
associated with sepsis in 2010 had a sepsis-related
condition as the underlying cause of death. 99% of
deaths definitely associated with sepsis have one of the
three ICD-10 codes—A40, A41 and P36—in at least
one position on the death certificate. 7% of deaths
definitely associated with sepsis in 2001–2010 did
not occur in hospital.
Conclusions: Sepsis is a major public health problem
in England. In attempting to tackle the problem of
sepsis, it is not sufficient to rely on hospital-based
statistics, or methods of intervention, alone. A robust
estimate of the burden of sepsis-associated mortality in
England can be made by identifying deaths with one of
the three ICD-10 codes in multiple cause of death data.
These three codes could be used for future monitoring
of the burden of sepsis-associated mortality.
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INTRODUCTION
Sepsis is deﬁned as systemic inﬂammatory
response syndrome caused by infection.1 2
Severe sepsis is sepsis with organ system dysfunction, while septic shock is deﬁned as
sepsis with hypotension refractory to ﬂuid
resuscitation, leading to inadequate tissue
perfusion. These entities lie on a spectrum

Key messages
▪ In 2001–2010, 1 in 20 deaths in England was
associated with sepsis based on information
recorded on death certificates,
▪ Ninety-nine per cent of deaths definitely associated with sepsis include one of three ICD-10
codes, A40, A41 and P36, somewhere on the list
of causes of death.
▪ These deaths occur across a wide range of specialty areas and 15 000 (7%) deaths definitely
associated with sepsis in 2001–2010 did not
occur in hospital; this should prompt a much
wider population-based approach to future
quality improvement.

Strengths and limitations of this study
▪ MCOD data are collected for all deaths, allowing
us to count all those whose deaths are associated with sepsis, not just those who die in hospital, or those for whom septicaemia is the
underlying cause.
▪ Our population estimates are based on the 2001
UK census, which will shortly be updated by the
2011 Census.
▪ The study relies on the accuracy of coding.
There is no specific code for sepsis within
ICD-10, which may lead to misclassification of
causes. We may have underestimated the true
impact of sepsis.
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METHODS
Mortality data were obtained from the ONS mortality
database, for the period from 2001 to 2010. As sepsis
deaths cannot be directly identiﬁed in International
2

Classiﬁcation of Diseases, 10th Revision (ICD-10), a list
of codes related to sepsis was selected. Using the underlying question—‘If this condition appears on the death
certiﬁcate, what is the chance this person would have
had sepsis?’—a list of conditions was derived. These
were then divided into two categories: those deﬁnitely
meaning sepsis and those which may mean sepsis were
involved. The ICD-10 codes associated with these conditions were identiﬁed using the ICD-10 index21 and
online searching tool developed by WHO and the
German Institute of Medical Documentation and
Information.22 The ﬁrst three authors then reviewed the
list of codes, by asking the question ‘If this code was
recorded on a death certiﬁcate, what is the probability
that the deceased had severe sepsis?’ If the probability
was considered to be more than 50%, then the code was
included in a candidate list. This candidate list of codes
was crosschecked with the Melamed and Sorvillo12
paper and the ICD ‘List of conditions unlikely to cause
death’23 to ensure that no unlikely codes were included
and that no likely codes had been overlooked. The
ICD-10 codes that are deﬁnitely or maybe associated
with sepsis are listed in the online supplementary
appendix.
Deaths were extracted from the mortality database if
they had a mention of any of the identiﬁed codes anywhere on the death certiﬁcate. Age-speciﬁc and sexspeciﬁc rates were calculated using mid-year population
estimates for England, published in June 2010, as
denominators for the relevant year and, where appropriate, death rates were directly age standardised using the
European Standard Population.
To look at patterns of sepsis-associated mortality, we
also examined the underlying cause of death for these
deaths, other comorbidities mentioned on the certiﬁcate
and the total number of contributing causes mentioned
on the death certiﬁcate. We compared these with the
overall patterns for all deaths in England. We also examined sepsis-associated mortality by the place of death:
home, hospital, care home, etc. We restricted these analyses to those deaths deﬁnitely considered to be sepsis
associated. Deaths under 28 days have a separate death
certiﬁcate and only mentioned causes are coded for
these deaths—an underlying cause of death cannot be
selected from them.24 These deaths were included in
the majority of analyses in this study and where they
have been excluded this has been noted in the results.

RESULTS
Between 2001 and 2010, there were 226 547 deaths that
were deﬁnitely directly associated with sepsis in England,
4.7% of all deaths. Adding those that may be related to
sepsis increased this to 332 757, 6.9% of all deaths. In
2010 alone, 5.1% of deaths were deﬁnitely associated
with sepsis, and adding in those deaths that may be
related increased that percentage to 7.7%. Figure 1
shows mortality rates for deaths that are deﬁnitely and
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of diseases culminating with death caused by multiple
organ dysfunction.
Twenty-seven per cent of intensive care admissions in
England and Wales are for severe sepsis and almost half
of these patients die in hospital.3 In 1995–1996, in an
adult general intensive care unit (ICU) in a UK university hospital, the median cost of treating a patient with
sepsis was six times the cost of treating a patient without
sepsis. The mortality rate was also signiﬁcantly higher
for the sepsis patients, despite the increased spending,
at 53% compared with 29% for non-sepsis patients.4
More recent studies have found that using integrated
sepsis treatment protocols, including those developed by
the International Surviving Sepsis Campaign, can be
effective at reducing mortality rates.5–7 Such protocols
may increase costs through lengthier ICU stays, but
appear cost-effective in terms of life years and
quality-adjusted life years gained. Estimates of the incidence of sepsis, and associated mortality, are hard to
obtain. Recent estimates suggest that the incidence of
severe sepsis in the general population is 38/100 000 in
Finland8 and 25/100 000 in Spain,9 while older studies
have found rates as high as 240–300/100 000 population
in the USA.10 11 However, these estimates are based on
administrative inpatient data. It is likely that these underestimate the incidence of sepsis as they only count those
admitted to hospital. Using multiple cause of death
(MCOD) data, it has been estimated that 6% of all
deaths in the USA are associated with sepsis.12
In 1993, the redevelopment of the Ofﬁce for National
Statistics (ONS) mortality database allowed all the diseases and conditions mentioned on the death certiﬁcate
to be coded and stored. Up to 15 mentioned causes of
death can be coded in addition to the underlying and
secondary causes of death.13 MCOD data have been
used in England to examine the contribution to mortality of many different diseases and conditions.14–19
Analysis of mortality by the cause of death usually uses
the underlying cause of death, which is the ‘disease or
injury which initiated the train of morbid events leading
directly to death or the circumstances of the accident or
violence which produced the fatal injury.’20 For many
patients, sepsis may be part of that causal sequence, but
it would not be listed as the underlying cause of death.
For example, in cases where sepsis is hospital acquired,
the original reason for hospitalisation would generally
be the underlying cause of death. Consequently, examining mortality from sepsis using the underlying cause of
death would not identify those deaths as being sepsis
associated.
In this paper, MCOD data have been used to estimate
the number of deaths in England associated with sepsis.
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maybe linked to sepsis for each year. For both sexes combined, the rate rose to a peak in 2007 and then
declined. Excluding the ‘maybe’ group brings the peak
in mortality forward to 2006. The number of deaths definitely associated with sepsis was also the highest in 2006.
The number rose from 16 800 in 2001 to a peak of
26 150 in 2006, before decreasing every year to 23 700 in
2010. The remaining analyses in this paper present
results only for those deaths deﬁnitely associated with
sepsis.
In 2010, the percentage of deaths associated with
sepsis was higher for females (5.5%) than males (4.8%).
However, when direct age-standardised rates were calculated (which take into account the differences in the age
structures of the population between the sexes), the rate
in 2010 was higher for males (29.8 deaths/100 000
population) than females (24.8/100 000). Between 2001
and 2010, the annual death rate for males was 20–28%,
higher than the rate for females.
Age-speciﬁc mortality rates were higher in the very
youngest and elderly, with the rate in the under 1s being
similar to the rate among those in their 60s (ﬁgure 2).
At younger ages, the rate declined rapidly after age 1. In
2001–2010, the age-speciﬁc mortality rate for deaths
associated with sepsis in ages 5–14 was less than
1/100 000 population for both males and females. Rates
then rose with age, with particularly marked increases in
the oldest age groups. For both males and females, the
rate in the 85+ age group was double the rate for those

aged 80–84. The age-speciﬁc rate for males was signiﬁcantly higher than females for deaths under age 1 and
for every age group from age 40 onwards. For deaths at
age 85 and above, the age-speciﬁc rate for men was 822
deaths/100 000 population, compared with 683/100 000
for women.
Table 1 shows the underlying cause for deaths that are
deﬁnitely sepsis associated, by chapter of the ICD, and
the percentage of each ICD chapter, that is, sepsis associated. This does not attempt to identify the cause of
sepsis for these deaths, but merely identiﬁes the disease
or injury that initiated the train of morbid events
leading directly to death. The underlying causes of
deaths with a mention of sepsis are spread across a wide
spectrum of ICD chapters. The ICD chapter that
accounts for the biggest percentage of sepsis-associated
deaths is genitourinary diseases (17.8%). The leading
causes of death also account for high percentages, such
as respiratory diseases (15.4%), digestive diseases (14%),
cancer (13.4%) and circulatory diseases (11.5%), while
11.7% of deaths have an underlying cause in the infectious diseases chapter. Almost half of the deaths with an
underlying cause of infectious disease are associated
with sepsis (49.1%). There are wide differences in the
percentages in other chapters. Only 1.5% of circulatory
disease deaths are associated with sepsis, but for deaths
with an underlying cause of skin disease, three-quarters
are associated with sepsis (75.7%). Twenty per cent of
deaths from diseases originating in the perinatal period
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Figure 1 Direct agestandardised rates of death
definitely, dark grey, and maybe,
light grey, associated with sepsis,
England 2001–2010, with 95% CI
for the rate.
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also had a sepsis-associated cause of death on the death
certiﬁcate. However, it must be borne in mind that
deaths under 28 days were not included in the analysis
of deaths by the underlying cause, as a different death
certiﬁcate is used to register these deaths in England.24
We also examined the percentage of sepsis-associated
deaths where sepsis was also the underlying cause of
death. For deaths deﬁnitely considered to be sepsis associated, this was 8.6% in 2010. Of the cases deﬁnitely
associated with sepsis, 99% contained one of three
ICD-10 codes in at least one position on the death certiﬁcate: A40 (streptococcal septicaemia), A41 (other
septicaemia) and P36 (bacterial sepsis of newborn).
Table 2 shows the total number of causes mentioned
on the death certiﬁcate for all deaths and for
sepsis-associated deaths. Sepsis-associated deaths tend to
have more conditions mentioned than all other deaths.
For all deaths, two is the most common number of
causes mentioned; whereas for sepsis-associated deaths,
the most common number is three. Very few
sepsis-associated deaths have only one cause of death on
the death certiﬁcate. This is because ‘sepsis’ alone is not
a sufﬁcient feature to allow death to be registered
without reference to a coroner: the certiﬁcate must
mention the cause of the sepsis for this to be acceptable
under law. However, it also seems that overall
sepsis-associated deaths have proportionally more conditions mentioned, as might be expected given the severity
of illness among these individuals. For sepsis-associated
4

deaths, 23.2% have ﬁve or more conditions mentioned,
compared with 7.2% of all deaths. Neonatal deaths were
excluded from this part of the analysis because the conditions mentioned on their death certiﬁcates include
conditions in the mother and in the baby, so they are
not directly comparable to those deaths where the
deceased were aged 28 days or older.
Many of the chronic conditions known to be associated with sepsis appear on the death certiﬁcates of
sepsis-associated deaths: 16.8% of certiﬁcates mentioned
cancer and 9.4% diabetes (table 3).
Table 4 shows that 93.4% of all sepsis-associated deaths
took place in hospital, compared with 55.6% of all
deaths. Nearly 7% of sepsis-associated deaths, therefore,
did not take place in the hospital. Less than 2% of
sepsis-associated deaths occurred in the deceased’s own
home, compared with nearly 20% of all deaths. Almost
8% of deaths in hospital were associated with sepsis,
compared with less than half a percentage of deaths that
took place in the deceased’s own home, hospices or
elsewhere.

DISCUSSION
Using the information recorded on death certiﬁcates for
the whole population, we have estimated that at least
1 in 20 of all deaths in England is associated with sepsis.
The sepsis-associated death rate has been increasing
over the last decade, reaching a peak in 2006. The rate
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Figure 2 Age-specific death
rates for males, dark grey, and
females, light grey, of deaths
definitely associated with sepsis,
England, 2001–2010, with 95%
CI for the rate.
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ICD-10
codes
A00-B99
C00-D48
D50-D89
E00-E90
F00-F99
G00-G99
H00-H59
H60-H95
I00-I99
J00-J99
K00-K93
L00-L99
M00-M99
N00-N99
O00-O99
P00-P96
Q00-Q99
R00-R99
V01-Y98,
U50.9

Sepsis
deaths

ICD-10 chapter
Infectious diseases
Neoplasms
Diseases of the blood
Endocrine diseases
Mental and behavioural disorders
Nervous system diseases
Eye diseases
Ear diseases
Circulatory diseases
Respiratory diseases
Digestive diseases
Skin diseases
Musculoskeletal diseases
Genitourinary diseases
Pregnancy
Perinatal period
Congenital abnormalities
Symptoms, signs and abnormal
clinical and laboratory findings
External causes
Total

All
deaths

Percentage of
sepsis-associated
deaths in chapter

Percentage of all
deaths in chapter that
are sepsis associated

26296
30210
1696
6995
1899
3199
40
53
25803
34581
31550
12251
5215
40090
41
372
568
17

53543
1307155
9610
69483
150122
149773
112
206
1708766
654960
234960
16190
41617
96988
429
1958
11545
109542

11.7
13.4
0.8
3.1
0.8
1.4
0.0
0.0
11.5
15.4
14.0
5.5
2.3
17.8
0.0
0.2
0.3
0.0

49.1
2.3
17.6
10.1
1.3
2.1
35.7
25.7
1.5
5.3
13.4
75.7
12.5
41.3
9.6
19.0
4.9
0.0

3849

162139

1.7

2.4

224725

4800260

100.0

4.7

ICD-10, International Classification of Diseases, 10th Revision.

has decreased in more recent years, but not yet to the
level in the earlier part of the decade. This was an observational study; but now that this trend in sepsis-related
deaths has been identiﬁed, it would be a worthwhile
research exercise to investigate further why rates have
changed over time. We have shown that 6.6% of patients
with deﬁnite severe sepsis die outside of a hospital, indicating that in 2001–2010 up to 15 000 deaths associated
with sepsis may have been missed if we had only
counted deaths in hospital. Sepsis-associated deaths

Table 2 Percentage of deaths with given number of
diseases or conditions mentioned on the death certificate
in deaths definitely associated with sepsis, excluding
neonatal deaths, compared with all deaths in England
2001–2010
Number of causes
mentioned

All deaths (%)

Sepsisassociated
deaths (%)

1
2
3
4
5
6
7 or more

25.1
35.1
21.9
10.6
4.4
1.7
1.1

1.1
18.8
33.0
23.9
12.8
6.0
4.4

appear to have larger numbers of conditions on their
death certiﬁcates than do all deaths.
Our study does have some limitations. In using MCOD
data, it relies on the accuracy of the recording of causes
of death on the death certiﬁcate. As a study of
sepsis-associated deaths in the USA has noted, codes for
septicaemia have to be used as a proxy for sepsis in
ICD-10. There is a risk that this may lead to the misclassiﬁcation of deaths, and possibly an underestimation
of the burden of sepsis-related mortality.12 We should

Table 3 Comorbidities mentioned on the death
certificates of deaths definitely associated with sepsis,
excluding neonatal deaths, in England 2001–2010

Cancer
Diabetes
Congestive heart failure
Chronic renal failure
Chronic lower
respiratory Diseases
Hypertension
Chronic liver disease
HIV
Chronic alcohol abuse
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Number
of deaths

Percentage of
all sepsisassociated deaths

37727
21086
9957
12611
13666

16.8
9.4
4.4
5.6
6.1

9375
6033
298
3719

4.2
2.7
0.1
1.7
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occurring in England 2001–2010 excluding neonatal deaths
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Place of death

Sepsis-associated
deaths (number (%))

All deaths
(number (%))

Sepsis-associated deaths
(% of all deaths in location)

Care home
Elsewhere
Home
Hospice
Hospital
Other communal establishment
Total

10 165 (4.5)
315 (0.1)
3495 (1.5)
609 (0.3)
211 695 (93.4)
268 (0.1)
226 547 (100)

865 755
96 632
915 919
232 899
2 669 925
19 131
4 800 261

1.2
0.3
0.4
0.3
7.9
1.4
4.7

also note that our mortality rates were calculated using
mid-year population estimates which are based on the
2001 Census. In December 2012, ONS planned to
release revised mid-year estimates for England, which
will take into account the results of the 2011 Census.
Our estimate of deaths associated with sepsis is similar to
that found in the USA using a similar method.12 Many
current estimates of mortality due to sepsis look at patients
admitted to hospital and who subsequently die, giving an
indication of case death. It is estimated that the mortality
of patients admitted to critical care units and diagnosed
with severe sepsis is 47%.3 Our study is population based,
and therefore gives an indication of the burden of sepsis
across the whole population. Most analyses of cause of
death data only look at the underlying cause, which identiﬁes the disease or injury that initiated the events leading
to death. We have shown, however, that less than 10% of
deaths associated with sepsis have it as the underlying
cause. To fully account for sepsis-related mortality, it is
therefore necessary to examine all the recorded causes of
death, as we have carried out. Although this analysis is
more complex than just examining the underlying cause
of death, we have shown that just three ICD-10 codes—
A40, A41 and P36—identify 99% of deaths deﬁnitely associated with sepsis. These three codes alone could therefore
be used for future monitoring and audit of the burden
and quality of sepsis care using MCOD data. However,
regular review of the ICD-10 codes deﬁnitely or possibly
associated with sepsis (and the number of deaths with
these codes) would be worthwhile as ICD codes are
updated. For example, a code for necrotising fasciitis,
M72.6, was added by the WHO as an update to ICD-10,
but not implemented for coding by ONS until 2011. As
the presence of this code on a death certiﬁcate may indicate sepsis, this could be considered in future analyses, but
counting deaths with one of just the three identiﬁed
ICD-10 codes would still ﬁnd the vast majority of
sepsis-associated mortality.
Sepsis can no longer be regarded as a niche problem
relevant only to the critical care units that treat the most
severely affected patients. There is some evidence that
recognition of sepsis may be low outside hospitals. For
example, patients diagnosed with severe sepsis in one
US emergency department were reviewed.25 Only half of
6

(18.0)
(2.0)
(19.1)
(4.9)
(55.6)
(0.4)
(100)

these patients had been transported to hospital by
ambulance. In this half, the paramedic had explicitly
considered sepsis in only a ﬁfth. For those patients
where paramedics had recognised sepsis, there was a signiﬁcant decrease in the time taken to receive antibiotic
treatment. By the time patients with sepsis are admitted
to critical care, they are very severely unwell and therefore likely to die despite the best efforts of their healthcare team. There is also evidence that treating patients
with sepsis earlier and in a more coordinated manner
reduces mortality.26 Therefore, if we could ﬁnd ways to
encourage earlier diagnosis and earlier, coordinated
treatment, it is probable that the overall mortality from
sepsis could be reduced. The reduction of sepsis-related
mortality since 2007 may represent the results of the
introduction of changes to identify such patients, for
example, Early Warning Scoring systems, Critical Care
Outreach, efforts to improve awareness and training (eg,
Surviving Sepsis Campaign). However, we contend that
there is clearly a room for further improvements. There
is growing consensus that the clinical treatment of
severely ill patients is best carried out initially in a
general way, avoiding overemphasis on identifying the
exact cause of sepsis. The most important element of
the treatment of sepsis is to recognise whether severe
illness is present and institute appropriate treatment
early and rapidly (with targeted but broad spectrum
antibiotics and source control) and resuscitation that
aims to correct the physiological abnormalities associated with sepsis, whatever be the underlying cause.
Resuscitation efforts are generic, as many elements of
the sepsis syndrome are common whatever be the causal
pathogen, but are important as part of the ‘bundle of
care’ if mortality is to be lowered.
Despite the potential for underestimation, this study has
demonstrated that sepsis is associated with 1 in 20 deaths,
and therefore provides further evidence that sepsis is a
major public health problem in England as well as elsewhere in the world. While there is no perfect solution to
the question of how levels of sepsis-related mortality
should be estimated, we hope that this result, and this
method of using MCOD data, will form the basis of future
accounting of the burden of sepsis among the whole population of England. These results could also support the
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Table 4 Deaths definitely associated with sepsis, excluding neonatal deaths, compared with all deaths by place of death in
England 2001–2010
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audit of the quality of sepsis diagnosis and treatment
across the whole healthcare system. Estimating
sepsis-associated mortality from MCOD data (rather than
estimates based on hospital patients) would also allow
more detailed analyses to be undertaken, such as investigating geographic or socioeconomic inequalities in these
deaths. This would be a proﬁtable area for future research.
It also allows a more nuanced debate to take place, which
should now involve policy makers, public health services,
primary and emergency care providers as well as critical
care specialists. Ultimately, having this more detailed
picture should enable improved quality of care and more
cost-effective use of resources with respect to preventing,
identifying and treating sepsis.

