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Summary
Background Sepsis, characterised by significant morbidity and mortality, is intricately linked to socioeconomic dis-
parities and pre-admission clinical histories. This study aspires to elucidate the association between non-COVID-19
related sepsis and health inequality risk factors amidst the pandemic in England, with a secondary focus on their
association with 30-day sepsis mortality.

Methods With the approval of NHS England, we harnessed the OpenSAFELY platform to execute a cohort study
and a 1:6 matched case-control study. A sepsis diagnosis was identified from the incident hospital admissions
record using ICD-10 codes. This encompassed 248,767 cases with non-COVID-19 sepsis from a cohort of 22.0
million individuals spanning January 1, 2019, to June 31, 2022. Socioeconomic deprivation was gauged using
the Index of Multiple Deprivation score, reflecting indicators like income, employment, and education.
Hospitalisation-related sepsis diagnoses were categorised as community-acquired or hospital-acquired. Cases
were matched to controls who had no recorded diagnosis of sepsis, based on age (stepwise), sex, and calendar
month. The eligibility criteria for controls were established primarily on the absence of a recorded sepsis
diagnosis. Associations between potential predictors and odds of developing non-COVID-19 sepsis underwent
assessment through conditional logistic regression models, with multivariable regression determining odds
ratios (ORs) for 30-day mortality.

Findings The study included 224,361 (10.2%) cases with non-COVID-19 sepsis and 1,346,166 matched controls. The
most socioeconomic deprived quintile was associated with higher odds of developing non-COVID-19 sepsis than the
least deprived quintile (crude OR 1.80 [95% CI 1.77–1.83]). Other risk factors (after adjusting comorbidities) such as
learning disability (adjusted OR 3.53 [3.35–3.73]), chronic liver disease (adjusted OR 3.08 [2.97–3.19]), chronic kidney
disease (stage 4: adjusted OR 2.62 [2.55–2.70], stage 5: adjusted OR 6.23 [5.81–6.69]), cancer, neurological disease,
immunosuppressive conditions were also associated with developing non-COVID-19 sepsis. The incidence rate of
non-COVID-19 sepsis decreased during the COVID-19 pandemic and rebounded to pre-pandemic levels (April
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2021) after national lockdowns had been lifted. The 30-day mortality risk in cases with non-COVID-19 sepsis was
higher for the most deprived quintile across all periods.

Interpretation Socioeconomic deprivation, comorbidity and learning disabilities were associated with an increased
odds of developing non-COVID-19 related sepsis and 30-day mortality in England. This study highlights the need to
improve the prevention of sepsis, including more precise targeting of antimicrobials to higher-risk patients.

Funding The UK Health Security Agency, Health Data Research UK, and National Institute for Health Research.

Copyright © 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study
Sepsis, a life-threatening condition precipitated by infection,
accounts for a significant portion of global mortality each
year. Prior to undertaking this study, a comprehensive search
was conducted focusing on peer-reviewed journal articles
published between January 1, 2010 and January 31, 2023. We
utilized the Embase database (accessed through Ovid) for
sourcing relevant studies. Separate searches were carried out
using the following terms in the titles of articles: (sepsis or
septic) in combination with one of the following groups of
terms: (depriv* or socioeconomic or socio-economic or socio
or social or SES or IMD or income or occupation or education)
OR (race or racial or ethnic* or minorit*) OR (urban* or rural
or coast*) OR (residen* or care home or nursing home or care
facility or living or social care or drug* or alcohol or disabil* or
vulnerab*). We found that the number of studies directly
investigating the correlation between health inequalities,
including factors such as deprivation and ethnicity, and the
onset and management of sepsis was limited. Moreover,
many of the studies were small-scale and lacked uniformity in
defining health inequalities. The overall evidence indicated a
knowledge gap regarding the interplay between health
inequalities and sepsis recognition and management,
particularly at a nationwide scale.

Added value of this study
This study is distinctive in its nationwide scope and focus on
the intersection of health inequalities and community-
acquired sepsis. Notably, it is the first to analyse fluctuations
in the incidence of non-COVID-19 sepsis before, during, and
after the COVID-19 pandemic within a large, high-income
population. Our results show that factors such as socio-
economic deprivation and clinical conditions, specifically
chronic kidney, and liver disease, contribute to an increased
risk of non-COVID-19 sepsis and subsequent 30-day mortality,
irrespective of the COVID-19 pandemic. Furthermore, a
history of extensive antibiotic exposure was identified as an
additional risk factor.

Implications of all the available evidence
The evidence gathered in this study emphasizes the necessity
for better prevention of sepsis using risk prediction models
that factor in chronic disease status, factors commonly
associated with health inequalities including deprivation
status, and learning disabilities, alongside severity of
infection. More precise targeting of antimicrobials could
significantly optimise the prevention of sepsis, without
increasing the risk of antimicrobial resistance. The
implications of this research underscore the need for
integrated, targeted strategies to address these risk factors,
ultimately aiming to reduce the incidence and mortality
associated with sepsis.
Introduction
Sepsis is a complex syndrome encompassing physio-
logical, pathological, and biochemical abnormalities
induced by infection, characterised by life-threatening
organ dysfunction resulting from a dysregulated host
response.1 Efforts to prevent infections, both in the
community and healthcare settings, can reduce the
incidence of sepsis.2,3 In 2017, there were an estimated
48.9 million incident cases of sepsis globally, resulting
in 11.0 million deaths, equating to 19.7% of all deaths
globally.4 The World Health Organisation has called on
member states to strengthen their efforts in identifying,
documenting, preventing, and treating sepsis.5

Mounting evidence regarding the correlation be-
tween health inequalities and poor health outcomes
highlights the need to address such disparities as
increasingly urgent.6,7 To address health inequalities, the
national health service commissioning body, NHS En-
gland has introduced the "Core20PLUS5" initiative,
aimed at enabling local and national actions to identify
and reduce disparities in key areas. The initiative com-
prises three components: Core20, which refers to the
www.thelancet.com Vol 66 December, 2023
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most deprived 20% of individuals based on the Index of
Multiple Deprivation (IMD) quintile8; the PLUS
component, which focuses on population groups (such
as ethnic minorities, those with learning disabilities or
those with high morbidity risk), and the 5 component,
which focuses on improving clinical outcomes in five
defined clinical areas.9,10 This study will explore the
relationship between sepsis and Core20PLUS5 compo-
nents. Research has highlighted a link between height-
ened deprivation and an increased occurrence of
sepsis,11,12 Such studies indicate that individuals from
lower socioeconomic backgrounds face an elevated risk
of both developing sepsis and experiencing mortality
post-sepsis diagnosis.13–16 However, a limited number of
investigations have holistically assessed the interplay
between socioeconomic status (SES) and clinical risk
factors before a sepsis hospital admission.

By March 2023, the global number of confirmed
COVID-19 cases had exceeded 676 million, with
approximately 6.9 million reported deaths.17 Whilst
much research and public health efforts have concen-
trated on preventing COVID-19 infection and reducing
mortality, there is a growing need to understand the
indirect impacts of the pandemic due to national lock-
downs, social restrictions, and changes in healthcare
delivery. The indirect impacts include the changing
prevalence of other infectious diseases as well as other
non-communicable disease.18 This exploratory study
investigated the incidence of non-COVID-19 sepsis
amidst the complexities arising during the COVID-19
pandemic. Our primary objectives were: (1) to
examine the association between health inequalities,
such as SES, and the odds of developing non-COVID-19
sepsis or 30-day mortality, and (2) to evaluate the asso-
ciation between various clinical characteristics and the
odds of developing non-COVID-19 sepsis or 30-day
mortality. Our analysis primarily centred on
community-acquired sepsis, which accounts for
approximately 70% of cases.19,20
Methods
Data source
The primary care records managed by GP software
provider TPP were retrieved through the OpenSAFELY
platform. All data were linked, stored, and analysed
securely within the OpenSAFELY platform (https://
opensafely.org/). Data include pseudonymised data on
23.4 million people.21 The primary care data was linked
to the death data from UK Office for National Statistics,
SARS-CoV-2 testing data from Second Generation Sur-
veillance System (SGSS) and hospital secondary care
records through the Secondary Uses Services (SUS). All
data were linked, stored and analysed securely within
the OpenSAFELY platform: https://opensafely.org/.
Data include pseudonymised data such as coded di-
agnoses, medications and physiological parameters. No
www.thelancet.com Vol 66 December, 2023
free text data are included. All code is shared openly for
review and re-use under MIT open license (https://
github.com/opensafely/amr-uom-brit). Detailed pseu-
donymised patient data is potentially re-identifiable and
therefore not shared.

This study was approved by the Health Research
Authority and NHS Research Ethics Committee [REC
reference 21/SC/0287].

Study design and participants
Records between 1st January 2019 and 30th June 2022
were analysed. Patients diagnosed with sepsis were
identified using ICD-10 codes from the hospital ad-
missions record based on existing study codelists
(available in eTable 1).22–24 For each patient, the date of
their sepsis diagnosis was defined as the index date.
Patients were excluded if they were not registered a
primary care practice for at least one-year prior to the
index date. For patients with more than one sepsis
admission in the study period, their first episode only
was selected for the analysis. Cases without a record of
index of multiple deprivation (IMD) or region recorded
were excluded. The non-COVID-19 sepsis cohort was
defined as a sepsis diagnosis without a COVID-19
infection record from primary or secondary care six
weeks before/after index date (eFigure 1).

A case-control study was conducted. Cases were all
individuals in the cohort defined above. Controls
included patients without any recorded diagnosis of
sepsis, satisfying the other inclusion criteria (detailed
criteria on potential controls can be found in eText 1).
Cases were matched 1:6 to control on age (stepwise),
sex, and calendar month. The initial step in the
matching process was pairing cases with potential con-
trols on exact age and broaden to a maximum ± five-year
age interval until each case had a total of six controls
(See eFigure 1 for the study design). This study has been
diligently reported, adhering to the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guideline.

Outcomes
The primary outcome was a non-COVID-19 sepsis
diagnosis during admission. Community-acquired
sepsis was defined as a patient who had a sepsis diag-
nosis within the first two days of the hospital admis-
sion.25,26 If the patient’s sepsis episode started more than
two days after hospital admission, it was categorised as
hospital-acquired sepsis.19,27 A secondary outcome was
30-day-mortality in patients with sepsis (i.e., death re-
cord for any reason 30 days after sepsis diagnosis).

Exposures
The primary exposure variable was socioeconomic
deprivation, assessed by IMD quintile (1–5) (See eText 2).
IMD score incorporates information on income,
employment, crime rate, living environment, education,
3
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and barriers to services. Other exposure variables
included multiple demographics and clinical factors.
These were selected based on the Core20PLUS5, risk
predictors highlighted by the National Institute for
Health and Care Excellence (NICE), and findings from
previous studies.9,11,12,16,28,29 We defined two sets of pre-
dictors, and a full list of variables and definitions can be
found in eText 3. All comorbidities were extracted from
patient records on, or before, the index date, further in-
formation of comorbidity definition and codelists can be
found in the eTable 1. The COVID-19 pandemic was
viewed as a potential effect modifier in this study. We
defined a categorical variable with three calendar time
periods: (1) before COVID-19: 2019-01-01 to 2020-03-25
(2) implementation of national lockdown: 2020-03-26 to
2021-03-08 (3) after national lockdown: 2021-03-09 to
2022-06-30. We interacted this categorical variable with
exposure variables to examine potential effect
modification.

Statistical analysis
To ascertain changes in the incidence of non-COVID-19
sepsis, descriptive analysis assessed the changes in the
incidence of cases with new non-COVID-19 sepsis in
hospitalisation before and after COVID-19. The incidence
rate was defined as the monthly count of cases with new
non-COVID-19 sepsis per 1000 patients registered. To
examine the different odds of developing non-COVID 19
sepsis in different groups of IMD (see eText 2 for defi-
nition), ethnicity, BMI, and smoking status (the first set
of predictors, see eText 3 for definition), Conditional lo-
gistic regression models were utilised to gauge the as-
sociation between specific risk factors and the odds of
developing non-COVID-19 sepsis, with results articulated
as odds ratios (ORs) alongside their 95% confidence in-
tervals (95% CI). We assessed the unadjusted effects of
these predictors, deliberately not adjusting for diseases
potentially resulting directly from these variables. Given
the possibility that certain diseases may mediate these
associations (as illustrated in eFigure 15, for instance,
diabetes might elevate sepsis risk and lower IMD could
be linked with a reduced diabetes risk, adjusting for
disease when analysing the influence of IMD on sepsis
may nullify certain effects), we sequentially fitted four
models from unadjusted to fully adjusted, as detailed in
eFigure 4. When considering our secondary set of vari-
ables (encompassing clinical characteristics and prior
antibiotic prescription counts, see eText 3 for definition),
we employed two distinct conditional logistic regression
models: one crude (unadjusted) model and another
adjusting for all other variables in this secondary set,
offering insight into the incremental influence of disease.

We conducted a descriptive analysis examining 30-
day mortality following a non-COVID-19 sepsis diag-
nosis across various subgroups and distinct periods
(eTables 6 and 7). Within cases with non-COVID-19
sepsis, we fitted separate logistic regression models in
each COVID-19 period. Changes in health-seeking be-
haviours, healthcare delivery, and potential interaction
of non-COVID-19 sepsis risk factors with COVID-19-
related changes led us to investigate the impact on
specific subgroups. For each period, and for each clin-
ical and demographic covariate of interest, we applied a
logistic regression model to better understand the pan-
demic’s diverse impacts on these specific groups. The
outcome was a binary variable indicating death or not
within 30 days. For all the variables listed in exposure
and secondary exposure in previous section, we fitted
the model and adjusted by age (restricted cubic splines
with 4 knots), sex and stratified by region. We calculated
the relative ORs in different periods (ORs (Period 2 vs 1)
and ORs (Period 3 vs 1)) to compare the changes in non-
COVID-19 sepsis mortality before/during and after the
peak of the COVID-19 pandemic. Additionally, fully
adjusted models were fitted by adjusting for all comor-
bidities (the variables listed in second set in eText 2,
eFigures 12–14). Additionally, we also fitted the models
across three periods and the specific COVID-19 time
periods were assumed to be a moderator variable and
included in each model for the analysis of potential
heterogeneity of the risk factor effects over time due to
the pandemic (See eTable 13).

Missing data
There were missing data for body mass index (BMI),
smoking history, and ethnicity. In an initial (primary)
approach these missing values were treated as a separate
category in the regression analyses, an approach known
as the ‘missing indicator’ method. This approach is not
based on statistical theory for missing data. However,
we note that whilst multiple imputation is typically more
appropriate, it may not be well suited to our context
because previous studies concerning documentation in
UK primary care records indicated violation of the
‘missing at random’ assumption. For instance, in-
dividuals who are underweight or overweight are more
likely to have their BMI documented in primary care (an
example of data ‘missing not at random’). These were
categorised as “Unknown” in the regression analyses.
No data were missing for comorbidities; they were
coded as either present or absent. Previous studies
concerning their documentation in UK primary care
records indicated that employing multiple imputation
wouldn’t be suitable due to the violation of the missing
at random assumption. For instance, individuals who
are underweight or overweight are more likely to have
their BMI documented in primary care.30

Density plots were used to check the matching pro-
cess for age between cases and controls. We undertook
three sensitivity analyses. Firstly, BMI was missing in all
patients <18 years old and therefore the adult group was
analysed separately. Secondly, multiple imputation was
applied, generating five imputed datasets distinctively
for all age cohort and adult patients only, incorporating
www.thelancet.com Vol 66 December, 2023
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missing variables through the multinomial regression
model that encompassed all covariates and outcome
indicators. Subsequent combination of estimates
adhered to Rubin’s rules (eTables 15–19).

Thirdly, given that the missing data in primary care
is attributed to specific reasons and cannot be simply
assumed to be missing at random, a complete case
analysis was conducted.31–34 When data are missing not
at random, complete case analysis might be less biased
than multiple imputation (eTables 9–12).35

Data management and analysis was performed using
Python 3.9.1 and R 4.0.2. All analysis code and codelists
used are archived online (https://github.com/opensafely/
amr-uom-brit/tree/sepsis). The published output can also
be found online (https://jobs.opensafely.org/university-
of-manchester/brit-antibiotic-research/sepsis_hosp_admi
ssion/logs/). The OpenSAFELY research platform ad-
heres to the obligations of the UK General Data Protec-
tion Regulation (GDPR) and the Data Protection Act
2018. In March 2020, the Secretary of State for Health
and Social Care used powers under the UK Health Ser-
vice (Control of Patient Information) Regulations 2002
(COPI) to require organisations to process confidential
patient information for the purposes of protecting public
health, providing healthcare services to the public and
monitoring and managing the COVID-19 outbreak and
incidents of exposure; this sets aside the requirement for
patient consent.36

Role of the funding source
The funder of the study had no role in study design, data
collection, data analysis, data interpretation, or writing
of the report. XZ, VP, JM, PI, BM, AM, SB, TvS had
access to dataset and TvS had final responsibility for the
decision to submit for publication.
Results
Between January 1, 2019 and June 31, 2022, there were
248,767 (11.3%) cases with non-COVID-19 sepsis from
a cohort of 22.0 million individuals. 224,361 (10.2%)
were eligible cases with incident non-COVID-19 sepsis
(79.8% community-acquired, and 20.2% hospital-
acquired). After matching, 1,346,166 eligible controls
were found (Fig. 1).

The baseline characteristics of the patients are
shown in Table 1 (additional characteristics in
eTables 2 and 3). A higher proportion of cases were of
white ethnicity, and living with overweight or obesity
(eText 3), came from the most deprived quintile, had a
smoking history, or with hazardous alcohol drinking
behaviour. The incidence of non-COVID-19 sepsis was
greater in babies, low from age 3 to 17 and then steeply
increased with higher age (eFigure 2). The incidence
was higher in males during periods 1 and 3, but the
values dropped to similar levels during the national
lockdown (eTable 4).
www.thelancet.com Vol 66 December, 2023
In the incidence trend analysis, the monthly non-
COVID-19 sepsis diagnosis rate dropped from 0.3 per
1000 registered person in February 2020 to 0.1 in April
2020 (compared to 0.4–0.35 in 2019). The rate fluctuated
until April 2021 and then remained stable until the
study end (Fig. 2). The least deprived quintile had the
lowest risk of developing non-COVID-19 sepsis across
all periods.

Analysis of developing non-COVID-19 sepsis
In analyses of the unadjusted model, the most deprived
quintiles were associated with higher odds of developing
non-COVID-19 sepsis (Fig. 3) (OR [95% CI] for IMD1
(most deprived) 1.80 [1.77–1.83], IMD 2 1.48
[1.46–1.50], IMD3 1.25 [1.23–1.27], IMD4 1.14
[1.12–1.16]). The OR in community-acquired non-
COVID-19 sepsis was greater than hospital-acquired for
the most deprived IMD quintile at 1.90 [95% CI
1.87–1.93] and 1.44 [95% CI 1.39–1.49], respectively. In
fully adjusted models including all comorbidities, there
was modest attenuation of the association between the
most deprived quintile and odds of non-COVID-19
sepsis, with the OR still 1.4-fold higher than the least
deprived group (eFigure 4). We observed no discernible
moderating effect of the COVID-19 periods on the as-
sociation between different IMD quintile and the odds
of developing non-COVID-19 sepsis.

Individuals of South Asian descent were observed to
have a higher incidence of sepsis, while those cat-
egorised under the ‘other’ ethnic groups demonstrated a
reduced incidence compared to individuals of white
descent (Fig. 3). Patients living with underweight or
obesity showed higher odds of developing non-COVID-
19 sepsis. We also found higher odds of non-COVID-19
sepsis in patients with smoking history (Fig. 3), poten-
tial care home status, chronic kidney disease (CKD) or
Renal Replacement Therapy (RRT) and organ trans-
plantation. Other diseases, including diabetes (not
controlled), malignancy (haematological and non-
haematological), chronic liver disease, other neurolog-
ical diseases, immunosuppressive condition, and
learning disabilities had adjusted ORs greater than 2
(See Fig. 4, and same trend in crude ORs in eFigure 8).
Patients with an antibiotic prescription within the last
year had an adjusted ORs for community-acquired non-
COVID-19 sepsis of 3.39 [95% CI 3.33–3.45] (crude OR
was 5.13 [95% CI 5.05–5.21]). In eTable 5, the
discriminatory capacity of conditional logistic models
for clinical characteristics is shown. The model’s efficacy
in discerning community-acquired non-COVID-19
sepsis from control cases was quantified by a c-statistic
value of 0.753. We found the result matched properly in
the sensitivity analysis for 18+ study population
(eFigures 6–9). The complete case analysis
(eTables 9–12) and the analysis using multiple imputa-
tion (eTables 15–19) also presented a consistent result
(see further statement in eText 6).
5
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Fig. 1: Study flow chart. The ICD-10 code for sepsis can be accessed directly via this link: [https://codelists.opensafely.org/codelist/user/
BillyZhongUOM/codes_for_sepsis/00ab8f66/].
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Analysis of non-COVID-19 sepsis mortality
In community-acquired non-COVID-19 sepsis, the 30-
day mortality was highest in the 80 years of age and
over group, and patients of white ethnicity had the
highest mortality (eTables 6 and 7). In Fig. 5, in most of
the variables of interest subgroups, the relative adjusted
OR of death 30 days after community-acquired non-
COVID-19 sepsis diagnosis stayed comparably constant
across the successive period. The adjusted OR of mor-
tality for the most deprived quintile was 1.25 [95% CI
1.18–1.33] in period 1, decreased to 1.22 [95% CI
1.13–1.32] in period 2 and 1.12 [95% CI 1.14–1.30] in
period 3. The ORs in fully adjusted model with all
comorbidities also matched the adjusted OR above
(eFigure 13). Additionally, when recognising the specific
COVID-19 time periods as a modulating variable, the
conclusions drawn remained in harmony with our pri-
mary findings (eTable 13).
Discussion
Sepsis remains a global issue of significant concern.
Understanding clinical and health inequality risk factors
for sepsis remains essential to overall understanding of
at-risk cohorts and effective public health mitigations.
The analysis showed that non-COVID-19 sepsis diag-
nosis rate dropped significantly during the periods of
national lockdown, fluctuated in the interim periods and
returned to pre-pandemic levels after April 2021. Before
the pandemic, more deprived subgroups had higher
rates of non-COVID-19 sepsis, especially for
community-acquired non-COVID-19 sepsis. The pres-
ence of several clinical characteristics including socio-
economic deprivation, underweight or obese, smoking
history, potential care home status, CKD or RRT, organ
transplantation, diabetes, malignancy (haematological
and non-haematological), chronic liver disease, other
neurological diseases, immunosuppressive condition,
and learning disabilities increased this risk. No potential
moderating effect of the COVID-19 regarding the as-
sociation between risk factors and the odds of devel-
oping non-COVID-19 sepsis. The risk of mortality
within 30 days of non-COVID-19 sepsis diagnosis was
found to be moderately associated with deprivation,
CKD, and chronic liver disease.

As the first nationwide investigation into health in-
equalities and the development of community-acquired
sepsis, this study provides comprehensive data and
findings of relevance to healthcare systems worldwide.
It is the first study to analyse changes in non-COVID -19
sepsis incidence before, during and after the COVID-19
pandemic in a large high-income population. To date
most published studies on sepsis have been hospital-
based with analysis derived using hospital records,
www.thelancet.com Vol 66 December, 2023
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Cases Controls

Age

Mean (SD) 69.6 19.3 69.6 19.3

N % N %

Age groups

<18 4660 2.1 27,970 2.1

18–39 16,120 7.2 96,720 7.2

40–49 10,495 4.7 62,960 4.7

50–59 21,075 9.4 126,455 9.4

60–69 34,385 15.3 206,300 15.3

70–79 57,085 25.4 342,505 25.4

80+ 80,545 35.9 483,260 35.9

Sex

Female 108,935 48.6 653,600 48.6

Male 115,425 51.4 692,525 51.4

Region

North East 10,275 4.6 63,645 4.7

North West 21,080 9.4 122,035 9.1

Yorkshire and the Humber 30,930 13.8 183,675 13.6

East Midlands 49,105 21.9 234,045 17.4

West Midlands 9040 4.0 49,820 3.7

East of England 52,080 23.2 315,410 23.4

London 10,530 4.7 59,815 4.4

South East 15,650 7.0 97,835 7.3

South West 25,660 11.4 219,890 16.3

IMD quintilea

5 (least deprived) 37,735 16.8 292,047 21.7

4 44,320 19.8 301,378 22.4

3 48,700 21.7 302,716 22.4

2 46,030 20.5 242,459 18.0

1 (most deprived) 47,575 21.2 206,509 15.4

Ethnicityb

White 205,900 91.8 1,170,750 87.0

Mixed 1430 0.6 8315 0.6

South Asian 9720 4.3 50,250 3.7

Black 2975 1.3 17,465 1.3

Other 2100 0.9 14,565 1.1

Unknown 2235 1.0 84,820 6.3

BMIc

Healthy range (18.5–24.9 kg/m2) 63,910 28.5 379,745 28.2

Underweight (<18.5 kg/m2) 11,235 5.0 38,980 2.9

Overweight (25–29.9 kg/m2) 57,025 25.4 390,220 29.0

Obese I (30–34.9 kg/m2) 32,630 14.5 185,420 13.8

Obese II (35–39.9 kg/m2) 14,565 6.5 63,140 4.7

Obese III (40+ kg/m2) 11,405 5.1 30,980 2.3

Unknown 33,590 15.0 257,680 19.1

Smoking statusd

Never 74,360 33.1 547,190 40.6

Former 113,555 50.6 627,575 46.6

Current 31,075 13.9 129,430 9.6

Unknown 5365 2.4 41,970 3.1

To reduce the risk of secondary disclosure, all counted numbers in the baseline table were rounded to the nearest five. aIMD (Index of Multiple Deprivation) quintile
measured from patient-level address. bEthnicity in line with 2001 Census categories. cBMI, body mass index groups based on the NICE definitions. dSmoking status
identified from the most recent clinical records.

Table 1: Baseline characteristics for cases with non-COVID-19 sepsis and controls.
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Fig. 2: Incidence rates of non-COVID-19 sepsis over time (calculated every month based on the number of new cases per 1000 registered
persons). IMD (Index of Multiple Deprivation) quintile measured from patient-level address. Numerator is the number of cases with sepsis
(times 1000), and the denominator is the number of all baseline population, grouped by IMD quintiles. Boxplots represent the historical average
(median and IQR) percentage of incidence rates of cases with new non-COVID-19 sepsis from January 2019 to June 2022. The shadow area
indicating the periods of national lockdown. See underlying numbers in eTable 14.
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Fig. 3: ORs of developing non-COVID-19 sepsis for factors stratified by sepsis type. Crude ORs of sepsis by IMD quintile, ethnicity, BMI,
smoking history and stratified by type of sepsis. OR: Community + Hospital, OR2: Community, OR3: Hospital. Reference groups: IMD quintile:
the least deprived quintile (IMD 5). Ethnicity: white. BMI: healthy range (18.5–24.9 kg/m2). Smoking: never (Smoking status identified from the
most recent clinical records). Abbreviations: IMD, index of multiple deprivation (quintile measured from patient-level address); BMI, body mass
index (from the most recent clinical records).
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providing limited data on prior medical history and
lacking population-based controls.15,16,37,38 A nationwide
case-control study in Sweden found that low socio-
economic status, psychiatric illness, substance abuse,
and certain somatic co-morbidities (excluding myocar-
dial infarction) were risk factors for ICU-admission for
community-acquired sepsis. The Swedish study also
highlighted the strongest risk factors were end-stage
renal disease, liver disease, metastatic malignancy,
substance abuse, and congestive heart failure, which is
consistent with the present study.12 A global analysis
conducted by Rudd et al. utilized data from 109 million
death records to determine the mortality rates associated
with sepsis and its correlation to underlying causes of
death. The study revealed a notable difference in the
cases vs deaths, particularly in regions with a lower
socio-demographic index (SDI), where individuals may
have a higher risk of mortality due to sepsis.4

Nearly half of all sepsis-related deaths occurred sec-
ondary to sepsis complicating an underlying injury or
non-communicable disease.4,39 Recent research in Nor-
way and Australia has explored the impact of socioeco-
nomic status on the risk and mortality of sepsis.13,27
www.thelancet.com Vol 66 December, 2023
Consistently, these studies reveal that a lower SES cor-
relates with increased sepsis risk and mortality. Another
study from Australia underscores the persistent clinical
challenges posed by sepsis/bacteraemia-related
morbidity and mortality in patients with cirrhosis.40 In
contrast to prior studies, our research encompasses a
broader age range, utilises a more extensive national
dataset, and provides a more comprehensive angle by
considering both community-acquired and hospital-
acquired non-COVID-19 sepsis. Furthermore, our
work offers a novel viewpoint on this matter by
contemplating the potential effects of the recent
pandemic. The present study fills an important research
gap on changes in the incidence of non-COVID-19
sepsis during the COVID-19 pandemic. Furthermore,
whilst the study identifies that the pandemic did not
have a significant impact on the relationship between
specific risk factors and the diagnosis of non-COVID-19
sepsis and death, the rates of non-COVID-19 sepsis
decreased during national lockdowns. The decrease in
incidence of sepsis during this period could be attrib-
utable to reduced social mixing, or lack of ascertainment
due to changes in healthcare delivery. The potential
9
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Fig. 4: Adjusted ORs of developing non-COVID-19 sepsis for clinical characteristics stratified by sepsis type. Models were adjusted for all
comorbidities*. OR: Community + Hospital, OR2: Community, OR3: Hospital. Reference groups: Clinical characteristics: the patients without the
clinical disease. The number of prior antibiotic prescriptions: antibiotic count: 0. Models were adjusted for all comorbidities*. All comorbidities*
Hypertension, chronic cardiac disease, diabetes, stroke, chronic kidney disease or renal replacement therapy and asthma, cancer (non-hae-
matological and haematological), chronic liver disease, dementia, other neurological disease (including motor neuron disease, myasthenia
gravis, multiple sclerosis, Parkinson’s disease, cerebral palsy, quadriplegia or hemiplegia, and progressive cerebellar disease), organ kidney
transplant, asplenia (due to splenectomy or spleen dysfunction, including sickle cell disease), rheumatoid arthritis/lupus/psoriasis, other
immunosuppressive conditions, learning disability, several mental ill, the number of prior antibiotic prescription from one year and six week to
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reason that we did not observe a moderating effect of the
COVID-19 time periods regarding the association be-
tween risk factors and non-COVID-19 sepsis may be
attributed to the overarching effects of the pandemic on
the general populace, rather than isolated subgroups.
Indeed, recent research elucidates that shifts in health-
care delivery—particularly antibiotic prescription pat-
terns—remain consistent across various age, sex, IMD,
and ethnicity groups.18,41 This further substantiates our
premise that the pandemic’s broader effects span across
diverse population segments rather than only influ-
encing specific subgroups.

NICE in England developed a guideline for the
identification, diagnosis, and early management of
sepsis in 2016 (2017 last updated).28 The Academy of
Medical Royal Colleges also recently published a state-
ment focusing on early diagnosis and management of
sepsis and initial antimicrobial treatment.39 Although
the NICE guideline lists risk factors for developing
sepsis, it offers limited considerations and does not
include information on their relative importance.
Notably, the considerations of health inequalities is not
considered in the statement from the Academy of
Medical Royal Colleges.

The present study found that patients with multiple
prior courses of antibiotics have higher risks of devel-
oping sepsis. One explanation could be underlying dif-
ferences in immune status or underlying comorbidities
predisposing to repeated infection. Another explanation
could be adverse antibiotic effects on microbiota leading
to increased susceptibility to infection.42 Given the po-
tential adverse effects of (repeated) antibiotic courses,
there is a need to target antibiotics to those patients who
would most need and benefit from them.43,44 However,
research has found that antibiotics are often not targeted
appropriately.45 There is an urgent need for better risk
prediction of infection-related complications, correlating
clinical characteristics (including those reported in this
study) with infection severity.

This observational study delineates the association
between various factors and sepsis in the context of the
COVID-19 pandemic. This study suggests better pre-
vention strategies through the use of risk prediction
models, and improved targeting of antimicrobial treat-
ments. This study underscores the potential utility of
tailored, patient-level clinical predictions incorporating
individual demographic data and long-term conditions
to enhance responsiveness to challenges such as sepsis.
However, it is crucial to recognise that these findings
are primarily descriptive and necessitate further
research to establish causality and inform the develop-
ment of effective prevention and treatment strategies for
six week before the index time (indicating the infection history). Abbrev
The number of prior antibiotic prescriptions (one year plus six weeks to six
given within six weeks before the index date can be found in eFigure 5.

www.thelancet.com Vol 66 December, 2023
sepsis. Furthermore, by harnessing this knowledge, the
healthcare system can be better equipped to face po-
tential future pandemics or global health crises,
ensuring that vulnerable groups are not disproportion-
ately affected, and that the overall quality of care is
maintained or even improved. This aligns with the ob-
jectives of the Core20PLUS5 approach, which aims to
reduce healthcare inequalities by identifying target
populations and clinical areas that require accelerated
improvement.9,10 The Core20 population consists of
those who are most deprived, which overlaps with the
high comorbidity burden and low socio-economic status
group of patients in this study. Additionally, the PLUS
population groups identified by the Core20PLUS5
approach include those experiencing social exclusion,
such as homeless individuals and those with drug and
alcohol dependence, who are also at high risk for sepsis.

Our study has limitations. We did not collect infor-
mation on the number of people in a household, occu-
pation, availability of personal protective material, and
adherence to social distancing measures, which could
impact exposure risk and confound our results. An
inherent limitation of our study stems from the uti-
lisation of ICD-10 codes to identify cases with sepsis.
Relying on such codes can both underestimate and
overestimate sepsis incidence across different pop-
ulations when juxtaposed against the backdrop of clin-
ical observations data and established criteria such as
SIRS or sepsis-3.46–48 Unfortunately, the nature of the
OpenSAFELY platform restricts our ability to directly
access comprehensive clinical data for sepsis identifi-
cation. In this study, the missing data mechanism is
most likely missing not at random (MNAR) due to
‘informative observations’. There is no robust method to
handle MNAR data, we expect some residual bias both
when using the missing indicator method and in our
sensitivity analyses. Furthermore, the MNAR nature
complicates the use of multiple imputation. To enhance
the reliability of our results, we undertook additional
analyses using multiple imputation and complete case
analysis and focused on the 18+ age group. No major
differences were observed between the different miss-
ingness approach in the ORs of developing non-COVID-
19 sepsis with the variables of interest. Additionally, as
an observational study, we could not randomise patients
between different categories, and thus could not
distinguish total causal effects from direct effects un-
mediated by other variables on the causal pathway.49

Furthermore, our study only assessed mortality within
30 days of sepsis onset, and deaths could have resulted
from other causes, suggesting that they were not solely
due to sepsis. Another limitation is that the reduction in
iations: CKD, chronic kidney disease; RRT, renal replacement therapy.
weeks before the index date), The ORs for the number of antibiotics
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sepsis diagnosis during the COVID-19 pandemic may
have been related to e.g., lower hospital admission rates
for patients in nursing homes. As an exploratory anal-
ysis, our study mainly showcases associations, reporting
odds changes across different subgroups and
spotlighting key risk factors warranting heightened
attention in sepsis prevention. However, it does not
offer precise estimates for the impact of specific risk
factors.

In conclusion, patient with higher socioeconomic
deprivation and clinical morbidities such as chronic
kidney disease, organ transplantation, uncontrolled
diabetes, various forms of malignancy, chronic liver
disease, neurological diseases, immunosuppressive
conditions, and learning disabilities, were associated
with development of community-acquired non-COVID-
19 sepsis. During the COVID-19 pandemic, the inci-
dence rate of sepsis fluctuated significantly, decreasing
initially and then returning to pre-epidemic levels after
April 2021. These findings underscore the urgent need
for sepsis risk prediction models that account for
chronic disease status, deprivation status, and learning
disabilities, along with infection severity. This study
highlights the need to improve the prevention of sepsis,
importance of considering factors commonly associated
with health inequalities and the need for more precise
targeting of antimicrobials.
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restricted to a small group of researchers; the researchers hold contracts
with NHS England and only access the platform to initiate database
queries and statistical models; all database activity is logged; only
aggregate statistical outputs leave the platform environment following
best practice for anonymisation of results such as statistical disclosure
control for low cell counts.51

The OpenSAFELY research platform adheres to the obligations of
the UK General Data Protection Regulation (GDPR) and the Data Pro-
tection Act 2018. In March 2020, the Secretary of State for Health and
Social Care used powers under the UK Health Service (Control of Pa-
tient Information) Regulations 2002 (COPI) to require organisations to
process confidential patient information for the purposes of protecting
public health, providing healthcare services to the public and moni-
toring and managing the COVID-19 outbreak and incidents of exposure;
this sets aside the requirement for patient consent.36 This was extended
in November 2022 for the NHS England OpenSAFELY COVID-19
research platform.52 In some cases of data sharing, the common law
duty of confidence is met using, for example, patient consent or support
from the Health Research Authority Confidentiality Advisory Group.53

Taken together, these provide the legal bases to link patient datasets
on the OpenSAFELY platform. GP practices, from which the primary
care data are obtained, are required to share relevant health information
to support the public health response to the pandemic, and have been
informed of the OpenSAFELY analytics platform.

Appendix A. Supplementary data
Supplementary data related to this article can be found at https://doi.
org/10.1016/j.eclinm.2023.102321.
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