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Abstract

Background and aims Sepsis is a serious and life-threatening condition caused by a dysregulated immune
response to an infection. Recent guidance issued in the UK gave recommendations around recognition and antibiotic
treatment of sepsis, but did not consider factors relating to health inequalities. The aim of this study was to summarise
the literature investigating associations between health inequalities and sepsis.

Methods Searches were conducted in Embase for peer-reviewed articles published since 2010 that included sepsis
in combination with one of the following five areas: socioeconomic status, race/ethnicity, community factors, medical
needs and pregnancy/maternity.

Results Five searches identified 1,402 studies, with 50 unique studies included in the review after screening (13
sociodemographic, 14 race/ethnicity, 3 community, 3 care/medical needs and 20 pregnancy/maternity; 3 papers
examined multiple health inequalities). Most of the studies were conducted in the USA (31/50), with only four studies
using UK data (all pregnancy related). Socioeconomic factors associated with increased sepsis incidence included
lower socioeconomic status, unemployment and lower education level, although findings were not consistent
across studies. For ethnicity, mixed results were reported. Living in a medically underserved area or being resident in
a nursing home increased risk of sepsis. Mortality rates after sepsis were found to be higher in people living in rural
areas or in those discharged to skilled nursing facilities while associations with ethnicity were mixed. Complications
during delivery, caesarean-section delivery, increased deprivation and black and other ethnic minority race were
associated with post-partum sepsis.

Conclusion There are clear correlations between sepsis morbidity and mortality and the presence of factors
associated with health inequalities. To inform local guidance and drive public health measures, there is a need for
studies conducted across more diverse setting and countries.
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Introduction

Sepsis is “life-threatening organ dysfunction caused by a
dysregulated host immune response to an infection” [1].
A 2015 study estimated the in-hospital mortality rate for
sepsis in UK hospitals to be around 30% [2]. As well as
high mortality rates, sepsis survivors often experience
longer-term mental and physical health problems and
are at high risk of post-discharge hospital readmission
or death [3-5]. Risk factors for developing sepsis include
frailty, immunocompromised status, recent surgical
procedures, and comorbidities such as cancer, kidney
disease, lung disease and diabetes [6—8]. The risk of con-
tracting sepsis increases with age, with many sepsis cases
occurring in people over the age of 65 [9]. Additionally,
there is a higher risk of sepsis in neonates and women
who are pregnant or have recently given birth.

Bacterial infections are the most common cause of
sepsis and therefore antibiotics are widely used for treat-
ment. A 2022 report published by the United Kingdom
(UK) Academy of Medical Royal Colleges (AMRC) out-
lined recommendations for the recognition and early
management of sepsis [10]. An aspect the report did
not address, however, was the impact of health inequali-
ties on sepsis recognition, management and outcomes.
Inequalities can impact life expectancy, access to health-
care and general health status. Factors that are associated
with these disparities include level of deprivation, ethnic-
ity and belonging to more vulnerable groups within soci-
ety, for example people experiencing homelessness [11].
In 2021, the National Healthcare Inequalities Programme
was set up and developed the Core20PLUS5 approach,
with the aim of supporting the National Health Service
and local authorities in reducing health inequalities [11].
Core20 refers to populations living in the most deprived
20% of areas according to the Index of Multiple Depriva-
tion (IMD). PLUS refers to population groups identified
at local level that could include ethnic minority groups,
coastal communities, populations defined as having a
protected characteristic under the Equality Act 2010 or
belonging to an inclusion health group, amongst oth-
ers. ‘5’ refers to five clinical areas of importance, which
are maternity, severe mental illness, chronic respira-
tory disease, early cancer diagnosis, and hypertension
case-finding.

Variations in rates of antimicrobial resistant infec-
tions and microorganisms (associated with higher mor-
tality rates in sepsis [12]) have been reported in the UK
amongst different ethnic groups and levels of depriva-
tion [13]. A recent study reported increased odds of non-
COVID 19 related sepsis and increased mortality in more
socioeconomically deprived people during the pandemic
[14]. In the face of increasing resistance to antimicrobi-
als globally, knowing who is at greatest risk of developing
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sepsis may not only improve patient outcomes but help
target the use of antimicrobials more effectively.

A 2019 systematic review assessed the link between
race and socioeconomic status and sepsis outcomes.
However, they only included studies conducted in the
USA [15]. The purpose of this review, therefore, was to
identify studies from all high- income countries that
have assessed additional factors associated with health
inequality. The aims of this rapid review were (i) to sum-
marise the literature that investigated health inequali-
ties and sepsis incidence and mortality outcome and (ii)
to provide an evidence base for public health advice to
reduce the impact of health inequalities with sepsis.

Methods

Eligibility criteria

Peer-reviewed journal articles published between
01/01/2010 and 31/01/2023, written in English, were
eligible for inclusion. Included studies had to be obser-
vational in design where the main outcome was either
incidence or risk of sepsis (in the general population or
hospital admissions) or sepsis-associated mortality. We
included studies where the aim was assessing the impact
of one of the following health inequality factors: socio-
economic, race/ethnicity, community, medical vulner-
ability, or pregnancy. Studies were excluded if they were
conducted in a low- or middle-income country (LMIC)
(according to the World Bank, to minimise differences
in healthcare systems), were not observational in design
(intervention studies or qualitative studies), full text was
not available, or abstract was published in conference
proceedings.

Study selection

The database Embase (accessed through Ovid, last
searched 25/03/3023) was used to search for relevant
articles. Separate searches were carried out using the fol-
lowing terms in the titles of articles: sepsis OR septic in
combination with one of the following groups of terms:

+ Socioeconomic factors — depriv* or socioeconomic
or socio-economic or socio or social or SES or IMD
or income or occupation or education.

+ Race/ethnicity factors — race or racial or ethnic* or
minorit*.

+ Community factors — urban* or rural or coast*.

+ Medical vulnerability factors — residen* or care home
or nursing home or care facility or living or social
care or drug* or alcohol or disabil* or vulnerab*.

+ Pregnancy — pregnan* or matern* or “post-partum”
or “postpartum”.

Duplicated articles were removed. All articles identified
in the search went through a title and abstract screening
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to exclude ineligible articles. A full article review was
then performed on the remaining papers, with any ineli-
gible articles identified during the full paper review being
excluded. In accordance with the PRISMA guidelines,
the reasons for exclusion at this stage were recorded (see
Fig. 1). Any further duplicates (studies that appeared in
multiple searches) were also removed. The searches were
performed in Ovid and the results were downloaded to
Mendeley Reference Manager to apply the inclusion/
exclusion criteria. Data extracted from the eligible arti-
cles were stored in Microsoft Excel. The following infor-
mation was extracted from each included paper: title,
authors, year published, study design, country where
study was conducted, data source, sepsis identification
method, number of patients in sepsis cohort, factors
associated with inequality used in study and how they are
measured, outcome(s) assessed in the study and key find-
ings of associations between the factors and outcomes.
For reporting we referred to the PRISMA guidelines [16]
for systematic reviews, however, as this is a rapid review
not all items are relevant. Further details of the search
strategy can be found in the supplementary information.

Results

Selection of sources of evidence

The five searches returned a total of 1,402 results (185
socioeconomic, 92 race/ethnicity, 126 community,
494 medical/care needs, 505 pregnancy). After delet-
ing duplicates, 1,338 papers were screened on title and
abstract, with 1,254 excluded. 108 papers underwent full
article screening, after which 53 were eligible. Of these,
there were 13 articles assessing socioeconomic factors,
14 race or ethnicity, 3 assessing community, 3 care/medi-
cal needs, and 20 assessing pregnancy and post-partum
factors. As the searches and selection were conducted
separately there were 3 papers duplicated between the
searches, resulting in 50 unique papers to include. Flow-
charts showing the selection process for each search are
shown in Fig. 1.

Characteristics of sources of evidence

Table 1 displays the characteristics of studies included in
the review. The majority of the included studies (31 out
of 50) used data collected in the United States of Amer-
ica (USA) [17-47], with four in the UK [48-51], three in
Israel [41, 52, 53], two in Canada [54, 55], one in Austra-
lia [56] and the others in Europe [57-63] or not specified
[64, 65].Most of the studies used hospital or ICU dis-
charge databases [17, 21, 23-25, 28-31, 36-39, 41-45, 47,
50, 60], other sources included national birth or obstetric
registries [48, 49, 51, 62, 63], death registry datasets [27,
35], secondary analysis on data collected for other cohort
studies [18, 26, 61], and a US cities public health dataset
[22]. Six identified sepsis in neonatal patients or infants
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[21, 47, 53, 55, 56, 63] and another only included children
aged between 0 and 20 years [28]. The rest either speci-
fied adults only or did not specify any age restrictions for
the cohorts.

The most common method of identifying sepsis in the
studies was based on ICD codes. ICD-10 codes were used
in twelve studies [17, 20, 27, 28, 32, 40, 46, 54, 60—63],
ICD-9 codes were used in twenty-one studies [20, 21, 24,
25, 29, 31-33, 36-39, 41-46, 52, 61, 65] and one study
did not specify which ICD version [34]. Of these stud-
ies, some used specific codes for sepsis, severe sepsis or
septic shock whilst others used more comprehensive sets
of codes including the Angus criteria [66] or Martin cri-
teria [67]. Both the Angus and Martin methods include
the sepsis specific codes and non-specific ICD codes
for infection in combination with a code for organ dys-
function. Five studies [18, 19, 22, 23, 30] used the 2016
International Consensus definition for sepsis, other-
wise known as the Sepsis-3 criteria [1]. Other studies
used Systemic Inflammatory Response Syndrome with
[50] and without criteria for organ dysfunction [26, 64],
medical chart review [48, 49, 51, 53, 55, 56, 59] or did not
specify [22, 35, 47, 57, 58]. The size of the sepsis patient
cohorts varied from 14 [56] to 16,779,820 [[33] with a
median cohort size of 2,913.

Regarding outcomes, 15 studies assessed the incidence
or risk of sepsis [18, 26, 29, 31, 37, 41, 42, 48-50, 54, 57,
59-62], 23 studies looked at in-hospital (or short-term)
mortality [17, 19-21, 24, 25, 28, 31, 33, 34, 36, 37, 39,
43-45, 50-52, 54, 58, 59, 65], four studies assessed mor-
tality after hospital discharge [30, 32, 38, 58], five studies
assessed hospital readmission rates after discharge [23,
30, 32, 40, 58] and four studies calculated population-
level sepsis mortality rates [22, 27, 35, 61]. Seven of the
studies relating to pregnancy assessed adverse perinatal
outcomes and incidence of sepsis in neonates [46, 47, 53,
55, 56, 63, 64].

Results of individual sources of evidence

Socioeconomic factors

The most common socioeconomic factors were income,
level of education, employment status, unemployment
rate and poverty rate. Others included were insurance
status, occupation, cohabitation status and access to
healthcare. There was variation in whether these were
recorded at an individual level or matched to local data
based on small area geographic identifiers (ZIP/post-
code), and whether they were summarised into an overall
score or included as individual covariates.

Five studies assessed the impact of socioeconomic fac-
tors on sepsis incidence or risk of developing sepsis. Fac-
tors found to be associated with increased risk of sepsis
included low income [54, 60], low education level [57,
60, 61], lower socioeconomic status [18], marital/living
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Fig. 1 Flowchart showing search results and screening of studies. Five separate searches were conducted. After screening 53 papers were included

status [54, 57] not being in work [54, 57], lower class of
occupation and those who receive social benefits [61].
Three studies assessed 30-day or in-hospital mortal-
ity, which all found lower income was associated with
increased risk of mortality when compared to the high-
est income groups. Another study reported decreased
odds for highest household income quartile compared to
the lowest quartile [20]. Hidalgo et al. [19] reported that
unemployment and a neighbourhood poverty rate>10%
were all predictive of greater 30-day mortality. One study
calculated population sepsis mortality rates per 10,000

persons and compared between income and poverty
levels. Low-income neighbourhoods had a death rate of
3.65 (inter-quartile range (IQR) 2.78-4.40) versus high
income neighbourhoods 2.80 (IQR 2.05-3.55) and high
poverty neighbourhoods 4.20 (IQR 2.90-5.30) versus low
poverty neighbourhoods 2.90 (IQR 2.00-3.60) [22]. For
longer-term outcomes, two studies assessed the impact
of socioeconomic factors on 30-day readmission after
discharge. Lower income, lack of health insurance [23]
and being more socioeconomically disadvantaged [23]
were found to be associated with increased risk.



Page 5 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

sajel
Ayjeyow [eydsoy

-U| pue 9JUdPIdU
HNeENEIEVEN

S6£'vT paisnipe-aby
Ajljeyiow
3|geingune-sisdas

00C' pue sisdag

‘suonesiieydsoy
sisdas 249A35 Jo

/8/'18€ S91eJ 3DUSPIDU|

sisdas yum
€8¢ DI O} UoIssIWpY

975'L s1sdas Jo sajey
sisdas/uonoaul
SNOLILS 10J SHISIA

d3 pue suols
796 -slwpe [e)dsoH

910z Ul dIsIp Jod

[edIpaW /218D

DIWIOUOD30D0S

Audluyys/aoey

DILWIOUOI30/D0S

AMDIUYI9/208Y

JIWOUO0I201208

eLID
unJdepy buipnpul
S9POd 6-AD|

151 1ot dud
pue 121jdxa
4109 ‘sap0od
01-adI"8 6-aDl

S9P0O2 6-ADI

paynuspl

MOY Pale)s Jou
poys didas Jo
HNeENEIENEN

B SYIS

euD
¢-s1sdag bujsn
MIIA3I 1eYD

IENkCTolon)

320ys o1ndas 1o sisdas
2I9A3S YIIM pas||endsoy
(abe Jo s1eak 07 <) syNpY

800¢—900¢

pue /661-5661 ‘[endsoy
01 paliwpe 0/ pue O¢
U29aM13q pabe synpy

G007 Ul SIsdas 919A3S YIm
sabe ||e 10} SUOISSILPY
opod diz

19 X35 ‘abe uo uolejndod
punoibydeq WOl S|}
-uod 0| 03 dn 03 paydiely
‘P|O SIBIA | JDAO S)NpPE
‘010Z-800C "Yum suols
-slwpe D Aserpa).

¢10¢—€00¢
US9MI3Q G J9A0 S npe
104 suoljesijeydsoH

G 19n0 pabe

SHNPe ‘T10¢—€00C Usamy
-3q suolssiupe [eydso

euijose)
4INog uj aseqeiep
2bueydsip |endsoH

saIpNIs INNH
paseq-uole|ndod

sa1e1S
SN £ Jo saseqeiep
abieydsip |eudsoH

NeJlent)]
NI Areial

Apnis

(SQYVYOIY) =x0ns
ul sadusRyIg
|erpey pue diydelb
-030) 10J SUOSEaY
Apnis

(SQYVYDIY) =¥ons
ul s9dualRylg
|e1dey pue diydeib
-030) J0j SUOSeaY
(2118} D1IRIYD
-Asd pue s|eydsoy
uosid 3daoxa)
Auewwsan) ul sjend

MAd

pIo4 Ny uosdwilg
‘Lr 10611135 ‘4N
BipeN 'y umpoon
TILUSS|IN

'S peisyoly ‘3 plebi|
-|0S ) seweq 17
PEISND) ‘HA PNISUIS
g snbuy
PIRISSIoM 1 Oleuleg
‘0 JaW|ed-dad

‘M 3Iqiimz-apur]

'S 9pUSA {4 MAey

VSN 910¢

AemlIoN €20C

vSn 0l0¢

H ‘pieebary

SN USSSSr AN 'USS

-lapuy v ‘b1aq

syewusdg 810¢ -S]9bayds 1 ‘w0l
H buep

'r AS|ppeg ‘o piemoH
‘N PIOyeS Y Uyuo

VSN SLOZ [ Aj]suuoq [ 2100
IH BuBA ‘WIN pioyes

‘D) PIBMOH 'y ULylin

‘g3 uelAST IS ppN(

VSN 8107 S e idr Ajlpuuog

D
}azZnAs-uuewydsIS|4

S MeyUIRY 'S ulog

AJl[P3IOW pUB DUSPDUI

§1Sd9S 919A3S UO 90USPIS JO

9oe|d 93 :SI913BW Al NOK 313U
Apnis INNH @Y}

Jo sisAjeue uopelpaw e :Ayljepou
puexsu m_mawm Uuo sNJels DIouod9
-01D0S JO $123}J9 12a41pul pue 10311J

sIsdas 219A3S Ul S9OURIRYIP [e1De)
10§ suofeuR|dxa Se XS UoIIdUNISAP
uebio 21nde pue a1es UoNdAU|

sisdas

UHM UOISSIWIPE JUN 91D dAISUSIUI
JO¥SI pUB SNJE}S DIWOUOII0ID0S
10yod

(SQYYDIY) %0AS Ul S9dUaIayId
|eey puy d1ydelboaD) J10j SUosesy
3y} JO sisA|eue aApRdadsoud e sisdas
ul saedsip [e1Des a3ym-4oe|g

sisdas pue uopRddyul
JOYISH Y3IM SN3RIS DILOUOII0ID0S
pooyinoqybiau JO UOIRDOSSY

Apnis [ed
-160j033 ue - Auewian) ul Aydeded

s1sdas Jo aduapdUl 01-aDI snbuy SUOIDIIS3I -S0y 2Je>-3)nde 'y Be1ayds (g Jdoyz - 24ed yijeay pue uoieAlidap diwou
pasipiepuels pue sapod  abe Apads 10U 0P ‘9107 ||e BULSAOD (HYQ) -IeMUDS ‘D JaWwely  -0390120S [euolHal pue 3dUapIdUl
G86'9 | -obe pue apnid JIWOU0I301D0§ 01-@Dl 1jdx3 ul suoissiwpe yusiedu)  asegeiep yuspedu]  AuewisD 707 -sneynep ‘N 950y s1sdas UsaM}ag UORIDOSSY
azis
1loyod Ayjenbaul yum uonesynusp|
sisdag (s)dwodInQ pajeIdosse s10)deq sisdag uonejndod aJnoseyeq  Anunod Jes)s sioyny anIL

MB3IARJ 33 Ul S3IPNIS PIPN|DUL |18 JO sdisHaIdeIeyD) | ajqel



Page 6 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

cer'Ll

9¢

[8¢

858149

98ErLL'L

0070l

UoNe|1IJUIA
[DIUBYD3W JO

35N ‘siossaldosen
Joasn ‘5O [ed
-soy ‘Ajljeyiow
[eudsoy-uj

Ae3s Jo

yibus| jeydsoy
‘Keys Jo yabua| N
‘Ayijeyiow Aep-0¢g
abieydsip

13)je uolssiupesl
pauueidun

Kep-0g8| ‘9b1eydsip
|eydsoy Jaye Ajey
-Jow Aep-0g| ‘uols

-Siupe NDf Joye
Ayjerow Aep-0g

Ajljeyiow
|eNdsoy-u|

‘Ajljeriow
|eydsoy pue uon

-es||eydsoy sisdag

‘uolysodsip
abeydsIp ‘SO
[eydsoy 'SO1%9

Jun aued jeidads
0} Uolssiupe
‘Y1eap |eudsoy-ul
AKlepuodas ‘sisdas

JO sisoubelp e yym
uolssiwipe [endsoH

ANDIUYIS/30e1
DILIOUOD301D0G

DIWOU0I30/05

JIWOUOI301508

DJIWOUO0D201208

Adluyis/aoey

2IWOUOI201208

S9pod 0|
-@ol pue 6-dOl

3p0ys d13das 1oy
IS €-515dag

psyiuspl

MOY Pale)s Jou
“ooys odas 1o
HNeENEIENEN

©1J9111D 9p0d
01-@DI snbuy

S9pOD
6-0DI snbuy

$9p02 0L-AdDI

£10¢-010¢

(pay1dads Jou obe)
SyNpe ||e »20ys 2ndas Jo
sisdas yym suoIssiupy

8| Jano pabe
SHNPe ‘6107—/ 10T Usam}
-39 suolssiwpe [eydsoH

plo sleak g| J1an0
S3NPe ‘0107-800C "Yam
suolssiwpe ND)] Alenual

L LOZ U uossiuipe
sisdas yum sieak g |
130 syualied paynuap)

'‘v107-710T
sisdas yum pasijendsoy
plo sleak g| < synpy

6002-9007 ‘Sisdas 219A9s
pue sisdas yim paniupe
SI1eak 8| J9A0 S} NpY

SpI0d2l
213UD 3|BuUIS

spiodal abieydip
sjeydsoy om|

splodai ND) 3|buIs

suolssiwpe
|eadsoy jeuopeu
O 907 SI2A0D

‘(SIN) @|dues uany

-edu| apimuoneN

‘SN ut seydsoy 00¢

pue $12)1U3d [ed
-|paW Oz | SI2A0D
“JUDIZIA WO BIRP

ab.leydsip |eydsoH

SNSUSD UelpeurD)
0} payul| aseq
-elep ableydsip
|endsoy [euonen

epeued 0coc

LS 921 “HIA J9110%
71N17°S eppod DN
VSN 7ot 12We||INg) zanbzep

N YooY ir ofjiHod 'y
NS ! DISBN 'S 0BY !N

VSN Lgoz  Jesedel D objepiH

H ‘paeebaILY 3 ‘Y20
'd 49Aa1Q “IH ‘0IqIN
‘r 1aneyuay e

yewusg 910¢ 'y ‘B1ags|abauyds

Hr ‘phog
DY PILISADIN Y1
[19sSnY g A3][eM V]

VSN 8LOT 119D I 4eYSIM g ysny
H Buep i Ajlou
¥SN 810z -uod N Aleypneyd

D 6104 'IH X0433S
‘r efajjeD-sepesod ‘ry
ASl|0r @ USAIN 'Y
00§ 'y AssauuaH

Buljspow

[9A3]13{NU U] $103DB) DJLIOUOII0ID
-0S BUIIPISUOD U3YM S2UI0INO0
s1sdas 1oedwll 30U S0P 2Ry

300ys 213das Yum syuaned
Ul AYjeriow Jaybiy yym pajedosse
3Je $10}DB) DIUIOUODII0D0S JOMOT]

sjuaned

11UN 218D SAISUDIUI DS Ul UOIS
-Sjwipeas pauuejdun pue Ajljepow
UO SN1PJS DILIUODD0ID0S JO 1oedul|

SISA|eue 1J0yod 9AI33ds0I14
apImuolleu e :sisdas yyum syuaied
Ul Aljepow [e)dsoy-ul pue [aA3)
2WODU| P|OYasNoY JO UOIIRIDOSSY

sjeydsoy paseljyye
-I91U3D [BDIPSW DjWaped. SN 18 A1)
-|eHOW SISdas Ul S9UIDYIP [e1Dey

Apnis 1OYod payul-snsua)

e iepeurD Ul synpe buowe sisdas
10§ uopes|eUdSOY Ylm p1eIdosse
soisia1oeleYd dlydeiBouwap-00s

azis
1oyod
sisdag

(s) @womnno

Ayjenbaul yum

poajeidosse sio)oe4

uonesynusp|
sisdag

uone|ndod

921N0s ejeq

Anunoy 1eap

sioyiny

SpIL

(panunuod) | 3jqey



Page 7 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

suonesijeydsoy
S15das 8103 000" L
1ad sa1e4 AJjjeriow

EE]olen)

SUOIDLISal

(QIs) eseqeieq
ahedul 21015
(dNDH) 123l01d
uonez||n pue

J KON ‘g AeiD iy
UI|S9H ‘] YDSaWLn0|4
W 1oueg Y A3y

~JOD W I3|IIN

€10Z-¥00¢ 'sa|cetien [eydsoy

PUE [ED]UI|D JOJ S|OJJUOD S}BLIPAL
-INW pue poyaw ainided ased
peoiq e buisn :Axjeriow [eydsoy-ul

078'6//91 [eudsoy-uj AUDIUYI9/20RY 6-dD| snbuy  abe ou ‘suoissiupe sisdag 150D 24edY}|eaH VSN /10T S uebulq [ sauor  paje|al-sisdas ul sanledsip jeey
sjeydsoy
SN 00Tt bubanod
(skep o€ 18 ‘(arny) asegeieq Apn3s 10Yyod aA1ads
PaI0SUSD s bul jusnedul spiy N eAYSA  -0d3al ‘paseg-uoneindod e :snieis
-19dwod se yieap) (dNDH) 13(01d ' 19|Mo4 ‘N Aeyley 9oUeINSUl puUe A}DIUY3S 0 ddel
SO [eudsoy Ay 9107 Ul SIsdas 919A3S Yaim uolnezijin pue ‘@ swel||ip-eA0IUOWN AQ VSN 943 Ul SIsdas a19A3S Yim
9186 -|evow |eydsoy-u) JSTRISIEYEREN] SOPOd 01-0D|  SIeak 0z—0 pabe syuaned 1500 2Jedyy|eaH VSN 0207 'V APPaY ‘H IIPYDUIN U3Jp|IyD 10} SSWODINO |eNdSOH
(SOWWVHN) $15das 9I9AS 104 SHSIA JUSW
ND] 0} UoIssiupe 6002-500¢ AdAING 3187 [BD -Jedsp Aousbisws S Jo SSW0D
(918WNS3) ‘SO |endsoy Ay lelen) ‘SUSIA 03 SIsdas Yyum  -Ipay Aloleingquuy Y Zalemypds N odideys -1NO [BDJUID UO 2DUSPISI dUIOY
000'0G€  -|pHOW |PYASOY-U| |edIpaw/aieD 6-0D| snbuy SIeak 8| J9A0 S)Npy  |eldsoH |euoneN vSN €107 ‘N SSON V 9puID) puisinu pue abe Jap|o Jo 1oedul|
AY2BAON
800¢—¢00¢C Usamy ‘S YsipoD ‘g Jowe] [
8007—C00C  -94 's9p0d 6-AD| JayalQ 'y SOUOPOA Apnis
Ayjeyiow ‘uolssiupe sisdas yym yum p,pi sisdas N U ‘A DBowly 17 paseq uonendod ‘sawodIno pue
ws'L  Aep gz/jeudsoy-u AJDIUY3IS/20RY S9P0d 6-AD)| 0 J12A0 pabe synpe ||y ‘spiodal ND)| 9|buIS [9RIS| €107 SYDPN4IA [12d ‘D dley  sonsuaideleyd sisdas pue A1piuylg
300ys 213dss o sisdas 3o0ys o1dss pue
320ys 213das  2I9A3S JOJ UOISSILUPE J9}e 7 sisdas 219A3s Yyim syuanred ul Ayjey
A)ljepiow 10 515035 249195 #102-5007 U99Mmiaq (SIN) 3)dwies BISQSIOAN i UBYONeD)  -JOW PUB SIUWODINO [RUSJ UO 38l
06/'790'L [eudsoy-uj AUDIUYID/a08Y  10) S9POD 6-0D| pabieydsip syuaned  1usnedu| leuoneN VSN 1707 ‘Sfuloydey 3 09219 pue a6e 41apuab JO UOIIRIDOSSY
aseqele 10Ald
abieydsiq ualed
ddHSO euiojiied
pue (dIS) sseqeieq
Rnedul 2115
(dNDH) 129(0ug sisdas 1oy
eLISLD uley L 1OZ ul paniwpe uollezijin pue M suonesijdsoy ur ajes Ayijee) ased
€8l 3181 AJjerej-ase) INTRIVEYER]=] S9P0d 6-AD)| SI1eak 8| J9A0 SYNpY 150D 24edY}|eaH VSN 9107 bueyd ‘3 jeropues pUE 9281 U99MISQ UOIIRIDOSSY
Sy ‘ueuystiyeypey
(@) oseqereq ‘W) ‘MOJ[ef-usmog
Juapedul spry ‘Allfeyy-seloy ‘gH
1502 "710T 78 600C '900T U! (dNDH) s32efoid PJUSIA ‘Q HEJIY  UONES||IN 92IN0Sal 3Jedyljeay pue
[e30} pUR SO ‘AN AMDIUYID/208I (p|o SAep 8z >) Soreuoau uoljes||iin pue -pY ‘NO zado A)jerow sisdas |e1euoau 10aye
78891 -[eMow |eydsoy-u) 2]UOU0D301205 S9P0d 6-AD)| Ul suolssiuwpe sisdag 150D 24edY}|eaH VSN 8107 “f4UouURYOg  SNILIS 9DURINSU| PUB SUIODU] ‘9dey
azis
1oyod Ayjenbaul yum uonesynusp|
sisdag (s)dwodInQ pajeIdosse si0)deq sisdag uone|ndod aunoseyeq  Anunod Jes) sioyny L

(panunuod) | 3jqey



Page 8 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

Ae3s |ey

-idsoy sisdas-ysod
‘Jl01qiue [eiul 0}
Wi} ‘LYY ‘uonej

-UDA [BDJURYIDW

sieak g| Jano
SNPe ‘6107-600¢ U2am}

1ose18p
aAeAsIuIWpe

D ualobuz-ueiu

sisdas

666'vE  'Allenow Aep-06 AWDIUYI9/a0eY  BURILD ¢-SIsdas -9q sisdas aposida 3sil{  [eudsoy uebIydIy VSN 70T -e|SIy ‘N udiobug Ul sanedsip paseq xas pue adey
(MDD) snoyaiepm N YHWS
eleQ suonipuod 'Y puby 13 sqodef
SoIyd (SIND) 'y pleebiaisam [BAIAINS PUE ‘9D2U3p
gy usw 6007-5007  S9DIAISS PIRDIPS ‘W 12buydday -uadap BulAl| Ajiep Jo saiiAnRde
-Jleduwl] 9AIIUBOD S9POd ‘aposida sisdas a1anas pue a1esIpay IYSAONAg-2I0W(ID  ‘JusuUlliedull 9AINUBOD :sa1|1DR) Bul
GG/'S/ 1 ‘Ajljeyiow Jeak - | |eDIpaW /24D 6-0D| snbuy YHMm 69 < pabe ajdoad 10} SI91U9D VSN 810¢ M UDBQUIIYF  -SINU 0} PIRIUIPE SIOAIAINS SISAaS
91P1S UISISaMpIul
SO [exdsoy JO syuswedap rJ4auwio]l yoeoisdde ss|gelieA [pUSWNIISUL UR
‘13jsueJy [eydsoy Aousbisws N PIBA ‘G UIN4 Y :AIjerow pasealdul aaey sjeudsoy
-191u] JuaNnbasans 107 PUe G007 US9Mm} wolj swiep pawyy ‘g aueys  ‘Jeins ssedAg oym 3d0ys dndas Jo
lov'sl  ‘Aujepiow [epdsoH AJunwiwod S9P02 6-AD)| -3q 8| JIAO S}Npe ||y SAIIRASIUILIPY VSN Z10Z 'S puepeH ‘N 1Yo $15das 219A3S Y1M sjualied jeiny
sisAjeue
9l0C pue ¢10C eiep Y WniiD 'y LBy Yiesp Jo asned ojdinu e 'ysn sy}
S91e) Yiesp sis AJUNWILIOd U99M13q 19A0 0 G| pabe 41eap Jo asned ‘] adipunbQ ‘A eley Ul 92eJ pue ‘uoijesiuequn ‘uolbai
S7/'9%/  -das pasn(pe-aby STRIVIVAEY 1= ] s9pod 0L-aDl  9doad ul syyeap sisdag a|diynw DA VSN 6107 -pepoy 4 adipunbo Aq Ayijeriow sisdas ul sanuedsiq
‘Seale [eD13511e)S
Aunwwoo gg
10} P}EP DWODINO
13 dlydeibowsp S3uayd
sapn|pul‘AD NN [9SUBH ‘DN JuRID
alowll}jeg 4o} 'S BueMH 'y UOID[1IT Ayjepow
Ajljeyiow $9|yold YijesH [ 11314 ‘d3 weybug 3|geinglne-sisdas uo snieis Jiwou
9|genqune-sisdss JJWOUOD301D0G pa3els Jou /10T pooyioqybisN VSN 8107 ' SO3eSieleD)  -0290120S AHUNWILIOD JO 103443 Y|
195e1ep
yiea( Jo asned
S1diyny ydlessay
uonendod |eo1bojolwspid]
000001 4d 10} ele@ auljuQ 6107-010T ‘s91e1S pajun
sa1el Aljerow 6102-010 Wol} SN buibuey apip uon a3 Ul Aylje1iow pajeal-sisdas
paisn(pe-aby Aunwwod paiels Jou Ul Sy1eap pajejau-sisdas  -uanald pue DAD vSN 2oz fezieD T pNO  UBGIN SA [eJnJ Ul Spudiy jelodws]
sisAjeue [euofieu e :sjsdas
(UoISIaA SIe3A 8| J9AO V119D Ul A}[PLIOW JO YSU PISBIDUl UM
Ayjeow AJDads JUsa0p)  SYNPE ‘41 07—-8007 Udamy (SIN) @|dwies Iy Jewuny| Yy A3|lepn pajeldosse si sjeydsoy Ayiouluw
\cz'1zey [edsoy-u| AYDIUYID/a0RY  S9POd (D) snbuy -3Q suolssiupe sisdag  jualjedul [euolieN vSN 0207 ‘r 1961zueq ‘g ysny A|21euoipiodoudsip ul Juswieal|
azis
1io0yod Ayjenbaul yum uonesynuap|
sisdag (S) @wo2INnQ  poleIdOSSe si0)deq sisdag uone|ndod aunoseyeq  Anunod Jes) sioyiny UL

(panunuod) | 3jqey



Page 9 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

10308} Sl
's15das 219A3S pue

£00Z-500¢ 'syuiq
9AI| [eNdsSoy-ul ||e buowe

elep abieydsip
|eydsoy apimaiels

YUM paxul
SPIOD3I SDNSNLIS

v uopuky ’r pinoo
[3YNzoulny| ‘4 997

Apnis
11040 paseg-uoleindod e ul
510128 %S PUB 92USPIDUl :A1I9ASS

865l sIsdas Jo aduapIdUy| Koueubaid S9P0d 6-0D)| S95eD S1Sdas [eularey [BYIA BIUIOJED vSN €107 N YBIUY 1D BISODY  SISADS [RUJSIEW JO WNNUIZUOD 3y |
EEEWIETe)
S5 51SdaS-UOU S1aM OYM
JO UoieWIYUOD S|0J3UOD YIM paydiewl
Aio1eioge| yum ‘7107-110T '(Sg9) sno Apnis jo13u03-358d
NNeENEIEVEN -30203da415 g dnolo) Aq N IYBIUY {d3siny  [euolieu YN Alojesojdxs uy :Adueu
$10128) %Sl ‘sisdas 'M3IAI Jeyd pasned §sdas [PUIDIBW  WIDISAS DUE||I9A -9PD0Ig I ynzounny -baud uy snx20201dahis g dnoib
0 S99 JO adUspPY| Aoueubalg aAnDadsold DIDASS JO SISED || -ING DHIRSTO NN MO SL0T ' BISODY 1y Uljey YHM USUIOM U] SISdas 21935
g ueulaleg
US| ‘4 op3|oL id
PISMI|OGOS 1Y Yyeys
‘H B[S Y Z3USSlld
'3 uosueH-plenboy
MIIADI ‘N 3lI_ ‘W ndepepy
1eyd jenuew §|0J3U0D sisdas ‘S U peYa g usb
YHM HD0ys -uou 01 ¢:| paydiew -Ue7 S AeUIF I ¥IeD Apnis
21das 1o sisdas '(213Uad Uo bujpuadap) D AoueD Y NBYD 'S |0JIUOD-3SED J3IUSDIFNW B (USWOM
EIEVENENNCEN 2107661 Usamiaq sjeydsoy / wiouy uuewIyag ‘s Janeg Jueubaid ul s1sdas 1oy 51003 bul
8 S103128) 351y Aoueubald 10} s9p0d 6-dD) suolssiupe A1aAllsg £1BP SUOISSIWUPY  [9BIS|/YSN 6107 ‘N ASSNOH ‘N Janeg  -Uaa1s pue ‘sa1b0|013a ‘SI0108) 3Sly
O IpJep S HeudsN
syuaned sisdas 1207 PUB /|07 U99M1dq 7 opeydeN-0UYyQ S|apow uopdipaid uols
Ul uolssiupeal |eudsoy o3 payiwpe pjo  sjeudsoy ge bula Y JIBIA IS Jewuny -sjwipeal sisdas sanoidwl Yyijesy
G€6'8  pauuedun Kep-0¢ DIWOUOD30ID0G  BURIID €-51sdag SIeaA 8| N0 SJUSNRY  -AOD APNIS SMYO|IY VSN 7707 -1YSBYS ‘4 1Ue|joJwy  JO SJUBUIULIDISP [BIDO0S JO UOISN|DU|
JUSYD 1Y puy
'S BLIBS [ PUSSUMO]|
1D €-SIS /102 Y webnwueyd ‘A sisdas yum pasijendsoy
-dag 10j speyd Ul SIB9A 8| J9A0 Sy npe [21ueq 1D J2ISAAAS N Suaired Joj suoissiwpeal pue abe)
uolssiupeal PIMIIAI UBY} ‘9b1eydsIp 03 paAIAINS Sp10dal A1I9YS 4 wiueybly iy -UBAPESIP JILIOUOD30ID0S POoyJoq
€S Aep-0g DIUIOU0D30ID0S $9POd O L-ADI oYM suolssiupe sisdag |exdsoy ajbuls vSN 0207 un||o4 ‘d solesieljeny -yblau usam1ag uoIeIDOSSE By |
‘Yreap abieydsip ooys dpdas /102-0107 U9am1aq ISESIN
-1s0d ‘uolssiupeai pue sisdas 219A9s (PRAIAINS pUB) ¥D0YS ‘N J3]|0Y 'd SUOAT N sisdas
s1sdas ‘uolssiw 10§$9pOD 0| D1das pue sisdas 219Ads 191U |eJ uoydweH ‘4 buenr 1oy uones|jendsoy [eniul bulmol|os
06€'S -peal asned-||y AdIUyle/aoey  -aDIpuee-QDl  Joj pasiiendsoy syuaned  -19jai d4ed Alela) VSN LZOZ ' J9sneynag ‘g ez SUOISS|WPeal Ul safledsip |eloey
azis
1oyod Ayjenbaul yum uonesynusp|
sisdag (s)dwodInQ pajeIdosse si0)deq sisdag uone|ndod aunoseyeq  Anunod Jes) sioyny L

(panunuod) | 3jqey



Page 10 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

suebio buljie) Jo
9dA} pue Jaquinu

ain|ie}
uebio yum uon

-euIquIod Ul
(SHIS) uond3jul
10 ypoys ondas

suonezijeydsoy pajeidos
-se-A>ueubaid uou Yum
paledwod ‘y§-0z pabe

UsWoMm Ul 910¢-100¢
U22M1q suopiezijendsoy

sjeydsoy pasua.
-91€S ||B SI9A0D
‘(JandlL) =14
e1eq asn 2ligqnd

Apnis paseg-uoljejndod e

:Sexa| Ul uopezl|eydsoy pajeioosse
-Aoueubaid Inoyam pue yim
USWOM Jeluis-abe buowe sisdas

6v  ‘Aljeriow [ejdsoH Adueubald 1oy ‘sapod 6-QDI pa3enosse Aoueubald Juanedu| sexa| vSN 910T 1pPNO 2J9A3S YJIM P33eID0SSe A}I[PLIOIN
aIn|iey
uebio yym uon sjeydsoy pasuady|
-euIquIod Ul -91€1S ||B SI9A0D
S)USPadaP [euls} (SYIS) uond3yUl 0107-100¢ ‘4andlL) a4 Apnis paseg-uoljejndod e :sexa| ul
-ew buowe sisdas 10 300ys odas  usamiaq suoliezieydsoy e1eq asn 21and SJUSPIIP [eulleW Buowe sisdas
L€l JO 338l [enuuy Adueubald 10y ‘sapod 6-0DI pa3ernosse Aoueubald Juanedu| sexa| vSN SLOT IpnO  pauodal jo spualy Aleiodwiajuod)
uondUNYSAp 0107-800¢ swwelbold
sa1el yieap pue ueblo SUO 1s5e3) U93M32q ‘218D [eald  XIN 35D (DYYNDI)
BOBEINNIES] Je pue elad 0} PO)HWIPE 'USWOM  213U2D) YdJeasay  (puepods W 3YBIUY ‘rynZoupnyy Apnis 10yod
uolssiupe a1ed SYIS € 15e9) jueubaid Ajusdalio ) upNY [RUOEN  BuIpNPXd) ‘g seon iy uemoy ‘g [UOIIRU B :SISdas 919A9S Wol) A)l
9%9 [ED111ID |eUIBIRI Aoueubaig e ‘uonoayu]  Jueubaud Ul sisdas 219A9S 2180 SAISUU| NN 910T UOSLLIBH ') BISODY -|e} oW pue AIPIGIOW [BUISIBIN
2be awes ay3 Jo uswom
jueubald-uou ui sisdas
SO [exndsoy 219A3S YIM paledwlod) USWIOM
"(SSdN) SSvd-uou C10C-8661 Usamiag Jueubaiduou paIew-pIgIouIod
pue (SSYd) sisdas 'SIeA HH—G | UDIMIDQ payd1ew-abe yim paseduwod
2I9AIS PIIRDOSSE pabe uawom ‘suojssiuupe ¥20ys 213das o sisdas 21aA3S YUm
Koueubaid ul Koueubaud uppoys s|dwes [UOIYIINH M Udwom jueubald ul pasnpal ale
896'S  sa3el Ajijere) aseD) Aoueubaid S9P02 6-0D)| ondas 10 sisdas a1onss  juaiedul jeuoiieN VSN 8107  UOSISPUSH ‘Y UOSPIY SIWO0DINO SI9APE pU AMjeie) aseD)
159 Aepuodas ¢10¢=500¢
A3I|e3I0W |PYRUOSU Jo Aewd Bul usamiaq sisdas [eusajew sjeydsoy Aju |N U0sqoy 'y Aluue Apnis aAidadsoud e :snysy
pue Ajjeyow [eu -AJIUSpl MIIADI Yim uswom winped  -1s1eul oMy WOy 'V UBUSS ‘N pue Iayjouwl 10} 3U0dIN0 pue AHo
/T -191eW ‘9ouspidu| Adueubaid  1eyd aAdadsold -1350d pue jueubaid Splodai |ey3dsoH puejRl| G107 UBAIING,O 'S SIIMOUY  -|0133E ‘9dUapIdul SIsAas [euiSiely
|exdsoy auwes
Ul 2109 Aj2181paWU
PRI3AI[2P OYM S|0JIUOD
sisdas [eussjew sisdas-uou 03 paydjew W 3YBIuy 'S SI)195 Apnis [03U0D
2J9A3S 10} S1030R) MIIADIMBYD  'Z107-110Z HP0Ysdndas  WialsAS aduB||IaA ‘gpugnrigseon s -95e) [PUOIEN V :Z10Z-1 10T
GOE  {Sl pue duapIdu| Adueubaid 9A1122ds0ld 1O SISas 219A3S [eUJRIBIN  -INS DHIRISTO MN MO #LOZ  YNZOULNY D BISODY YN Y3 Ul SIsdas [eullew IS
sI9151621 Yyyjeay [edipawl
1915169y bnug YSIPIMS UO paseq Apnis Hoyod
paquasald pue paseg-uolendod e :sisdas winyled
sisdas wnyed 7107-2661 U3aM1aq 1915169y Jusned -1350d JO Sl 93 9seaDU| PlLUSEUE
-150d 10} 10308} YuIQg 9AeD OYyM USWOM  |euoiteN ‘A13sibay W B13q winyed-1s0d pue suoiUSAISIUI
9/E  SU pue adU3PIdU| Adueubaig $apod QL-ADI ul sisdas [eularey yuig [eoIpay uspams  /10z -wojg ‘g uoss|axy 211323500 ‘A1ISa0 [eulalely
azis
1ioyod Ayjenbauiyum  uonedyuap|
sisdag (s)@wodInQ  paleIdosse sio0}de4 sisdag uonejndod aounoseleq  Anuno) Jesp sioyiny SpIL

(panunuod) | 3jqey



Page 11 of 17

(2024) 23:34

Bladon et al. International Journal for Equity in Health

S|0UOod
0} paydiew '/007-5661
wol SNOJ Ysm uoneisshb

SI9}UDD
o|diynw woy

510108)
Sl [euIS3eW UO paseq [spow

0SE€  SNOT 4O slo1dIpald Koueubaig SYRIM 7€ =< SYMIQ 9AIT spi1odal [eydsoH VSN €107 D Jeqodsy iy ojodond aAdIPald e :sisdas 19suo-AjJes
Apn1s 1Joyod aAl
S1sdas pue ejuwiae 020 0} G107 U9amMiaq AAwesep  -d>adsoual ‘anusd-s|buls v sisdas
-19)0BQ [B}PUOSU  ‘SSA3S YIM ND] [BIRUOSU  133USD 3|BUls WOl -uey ‘g ppny v |e}RUOSU JO JOYdIpaid 3|geljal B
1 SNO3T 4O SIo1Ipald Aoueubald  usnoid-ainynND) O} PAIHWIPE SIURUL US| Spi02dal [e)dSOH elRASNY  [Z0C  90D-590404 S eydno 2uoje 19A9) [eusalew wnyed-uad s|
AJabulsa|yos
$31P|0S! N [PUWWIYIS 1D sisdas
SAeHIU-WIRID) 515das |pIRPUOSU }35UO UBULLISWIWEH ‘N |B1RUOSU 19SUO-A|Je3 Ul 91Insodxa
'9DURISISaI D130Ig UOI3D3jul pauUlYy A11BS YUM £007—/661 1931Udd 9|Buls Lo} ueidey ‘N BN N D1I0IgIRUE UM ANARISUSS diolgiue
P6  -1UB Y)M S3)e[OS)| Aoueubald -Uod 31Ny N> WI99MIS] UIOQ SUBJU| splodai [e}dsoH [oBIS| €107 159U Y I lwioig pue adA} [elIs10eq JO UOIIR[R1I0D)
yuigyias Jo
‘abe |euonye1sab ioy
[|[eWS Ulog JueyUl
‘KISAI|9p UBDIeSD
‘Aoueubaud jo asea
-SIp 2AISURIadAY
‘sojuwieIpAyobijo 8107-7107 K19
'Uo1ID1ISAI YImoib -Al|]9p 210429 pabieydsip
|e39} :BUIMO] |0} s1sdas 10§ UISdUOD [eDlul)d
93 Jo 20w IO | winyedajue yim 4aie| Aoueubaud
JO 3WOINO |ejeu S9POD 0| O UOIILISIO SHIIM 07 1B JD3UD 9|BUIS IO} S MeD) ly ApisseD) Bulnp sisdas yum syuaped
65 -pad aysodwod) foueubald  -@DIpue 6-aDl PRISAIIDP OYM S}UBIYed Splodai [e}dsoH VSN 1707 ‘Y USAnBN D oAneg Huouwle saWoIN0 [eIeuldd
¥20ys 213das Jo SaUI02IN0
MIIAILRYD  SISADS 2U9A3S YUM 00T |ereuliad pue [eulalew pue
Aypigiow YHM PRULILYUOD 0} GE6| U9amiag NDJ Ul sjendsoy omy Woly g1eqiS W ljgeH  Alaaliap Joj suonedipul :Adueubaid
0€ ‘Ayije1IoON Koueubaid S9POd 6-0D|  Ppareast syusned D110 Sspiodal [eydsoH €102 ‘ruoyeg D IopAUS Ul YDOoYs d1das pue sisdas 219AS
aWo3IN0 |ereunad
9SI9APE ‘A}l|RLIOW 1107 0}
‘g3 03 uoeuasaid 6007 U9aM1aq ‘sisdas 1o
JO Y 8% Ulyum SY|S pa1dadsns yum g7 1e g uoslapuy Aoueubaud ul sisdas wouy
uolssiwpe uoleWYUOD  Bunuasaid uswom wny  243UD 3|buls WO} ‘g asnoy :AsadoT  AUpIgUOW JO 3SU AHIuSpl 0} [9pouwl
058 N2l - Aupiglon Aueubald  gems Yum Sy|s -ledjsod pue jueubald  spi0dal abIeydsiq 10T 1Y D wybuqy B 121025 $21132315q0 U] sisdas ay |
(@wao)
¢10¢-600¢ yiesQ [eulsiey
U99M13J ‘PIAIAINS OYM ol Alinbug sisAjeue
yiesp USWOM Y}IM paiedwlod  |eljuapyuod) pue W IYBIUY I ynzounny |0J3u02-35ed paseq-uonendod
s1sdas yum paje MIIASI 1eYd ‘sisdas ezuan|yul-uou WIDISAS 9DUB|[I9A 9 RISODY ‘N JIeN ‘O SN e :yiesp 01 Aoueubaid ul
LOF  -1D0SSE 510128} ¥SIY Koueubald aAI1Dadsoud WOl SYIBap [eUldlel\  -ING 112150 MN MO SLoT pawyy-paweyoly s15das 249A3S WOJ UOISS1H0Id
azis
1ioyod Ayjenbaul yum uonesynuSpP|
sisdag (Ss)dwodInQ pajeIdosse si0)deq sisdag uone|ndod aunoseyeq  Anunod Jes) sioyny apIL

(panunuod) | 3jqey



Bladon et al. International Journal for Equity in Health

Table 1 (continued)

Sepsis

Factors associated Outcome (s)

Sepsis
with inequality

Population

Data source

Country

Year

Authors

Title

cohort
size

Identification

2913

Incidence and risk
factors of EONS

Pregnancy

ICD-10 codes

22 weeks,

Live births >

Medical Birth
Register

2020 Sweden

Villamor E; Norman

Maternal obesity and risk of early
onset neonatal bacterial sepsis:
nationwide cohort and sibling-

controlled studies

between 1997-2016
with EOS admission to

M; Johansson S; Cnat-

tingius S

neonatal unit within 72 h

of birth

Antibiotic resis-

Pregnancy

Confirmed

Admissions to neo-

Hospital records

2012 Canada

Wright A; Unger S;

Maternal antibiotic exposure

tance in EONS

serious bacterial

infection

natal ICU within 24 h
after birth, between

2008-2010

from single center

Coleman B; Lam P;

McGeer A

and risk of antibiotic resistance

in neonatal early-onset sepsus: a

case-cohort study

ED - emergency department, LOS - length of stay, RRT - renal replacement therapy, EONS - early onset neonatal sepsis, ICU - intensive care unit, ADL - activities of daily living
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Race & ethnicity

Of the 14 studies assessing the impact of race or ethnicity
on sepsis, 13 were based in the USA. Five of these studies
only included race categorised as white or black/African-
American [25,26,29,31,32], whilst other studies included
categories for Hispanic [21, 24, 27, 28, 33, 34], Asian-
American [24, 30], Asian/Pacific Islander (API) or Native
American [21, 28, 33] and other/unknown. The study
by Rush et al. [34] used a different approach by classify-
ing hospitals as non-minority or minority, if the patient
population of the hospital was more than twice the geo-
graphical census division mean.

The studies by Chaudhary et al. [31], Mayr et al. [29]
and Moore et al. [26] compared rates of sepsis amongst
either black or white populations only. Chaudhary et al.
reported a higher sepsis rate for white patients compared
to black patients with 109.4 cases (95% CI 109.2-109.6)
per 1,000 hospitalisations versus 106.7 cases (95% CI
106.3-107.1). Moore et al. also reported a higher inci-
dence of sepsis in white patients (9.10 per 1,000 person
years) compared to black patients (6.93 per 1,000 person
years). Contrary to these, Mayr et al. found a 67% higher
severe sepsis hospitalisation rate in black patients (9.4 per
1,000 population) than white (5.6 per 1,000 population).
All three studies covered hospital admissions in mul-
tiple US states, but they did differ in the age of patients
included and severity of sepsis.

Eight studies considered the impact of race on in-
hospital mortality in sepsis patients, with mixed
results. Three studies reported higher mortality rates or
increased risk of mortality in black or African-Ameri-
can patients than white patients [25, 28, 33] whilst San-
doval et al. [24] reported higher case fatality rates in
white patients (15.1%) compared to black (14.0%), His-
panic (13.8%) or Asian patients (16.2%). One study [33]
reported increased mortality rates in Hispanic patients
compared to white patients, but two other studies did not
find significant differences [21, 28]. Rush et al. reported
unadjusted mortality rates at non-minority hospitals of
11.1%, compared with 12.3% (p<0.001) at minority black
hospitals and 12.7% (p<0.001) at minority Hispanic hos-
pitals. The only non-USA based study was based in Israel.
Karp et al. [52] found that differences in risk of in-hos-
pital mortality between Bedouin Arabs and the Jewish
population could be explained by differences in age and
Charlson comorbidity score.

For longer-term outcomes, one study [30] reported
small differences in 90-day mortality rates between Afri-
can American (18%), Asian-American (19%) and white
(22%) patients. Lizza et al. [32] reported black patients
had significantly higher rates of all-cause readmission
(71.1% vs. 60.8%, p<0.001) and sepsis readmission (19.8%
vs. 14.0%, p<0.001) than white patients. However, rates
of post-discharge death were similar (white patients
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36.5% vs. black patients 36.7%, p=0.876). Ogundipe
et al. [27] calculated age-adjusted sepsis death rates in
non-Hispanic black, non-Hispanic white and Hispanic
populations and reported lower death rates in Hispanic
populations than non-Hispanic populations.

Community factors

The three papers included in the review that looked
at community factors were conducted in the USA and
used different ways of measuring urbanicity or rurality.
Oud et al. [35] compared age-adjusted sepsis mortality
rates between rural and urban communities from 2010
to 2019. The study reported in 2019 the overall rural
rate was 57.9 deaths per 100,000, but in urban areas it
was 48.3 deaths per 100,000 population. This was not a
consistent pattern when adjusting for race. For example,
in non-Hispanic blacks the urban mortality rates were
higher than the rural rates. Ogundipe et al. [27] found
the highest age-adjusted sepsis death rates were in non-
metropolitan areas for both non-Hispanic black (micro-
politan area 120.4 per 100,000 population, non-core area
109.4 per 100,000) and non-Hispanic white populations
(micropolitan area 67.6 per 100,000, non-core area 66.4
per 100,000). Mohr et al. [36] assessed whether there
were differences in patients in rural areas who attended
their local emergency department or who bypassed their
local hospital and travelled further to present to a hospi-
tal of top-decile inpatient sepsis volume. Sepsis patients
who bypassed their local hospital had increased odds of
mortality, with an OR of 1.26 (95% CI 1.03-1.53).

Medical needs

The three studies that considered factors relating to
additional medical needs each used different measures.
Goodwin et al. [37] identified patients living in medically
underserved areas (MUA’s) based on the ratio of primary
care physicians per 1,000 population, infant mortality
rate, the proportion of the population with income below
the poverty level and the proportion of the population
over 65 years of age. The study reported higher incidence
of sepsis (8.6 vs. 6.8 admissions per 1,000 people, p<0.01)
and mortality rates (15.5 versus 11.9 deaths per 10,000,
p<0.01) in MUA residents compared to non-MUA.
Ginde et al. [39] included residence in a nursing home
prior to an emergency department visit for sepsis, and
reported increased risk of mortality for nursing home
residents (OR 3.1, 95% CI 1.2-7.8). The study by Ehlen-
bach et al. [38] found that sepsis patients not discharged
to a skilled nursing facility (SNF) had a mortality rate of
35.6%, while those discharged to a SNF but whom had
not been resident in an SNF prior to sepsis had a mor-
tality rate of 43.2% and patients who had been in a SNF
before and after sepsis had a mortality rate of 52.8%.
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Pregnancy/maternity

Studies assessing incidence of maternal sepsis reported
rates of severe sepsis of 1.00 per 100,000 [48] materni-
ties, 4.7 per 10,000 [49] maternities and 4.9 per 10,000
live births [42]. Estimates of non-severe sepsis included
198.69 per 100,000 [59] maternities, 2.4 per 10,000
women [62] and 10 per 10,000 live births [42]. Acosta et
al. [50] estimated the absolute risk of maternal critical
care unit admission with severe sepsis was 4.1 per 10,000
maternities (95% CI 2.9-5.6). Factors including increased
BMI [41, 50, 62], older age [42, 50, 62], black and other
ethnic minority race [49], increased levels of deprivation
[50], African American race [41], pre-existing medical
conditions [41, 49], complications of delivery and deliv-
ery via caesarean Sects [41, 49, 50, 59, 62] were found to
be associated with an increased risk of developing mater-
nal sepsis.

Two studies [43, 44] assessing mortality in maternity
patients reported lower case-fatality rates in pregnancy
associated severe sepsis (PASS) compared to non-preg-
nancy associated severe sepsis (NPSS). Maternal mor-
tality rates in other studies varied, with reported rates
of 10% [65], 10.7% [51], 1.8/100,000 maternities [50] and
no deaths in one study [59]. Increased BMI [50], being in
the most deprived two IMD quintiles [50], pre-existing
medical conditions [51] and being multi-parous [51] was
found to be associated with increased maternal mortal-
ity. Antepartum sepsis was found to be associated with
increased risk of placental dysfunction and maternal ICU
admission during delivery hospitalization [46]. Five stud-
ies considered outcomes relating to early onset neonatal
sepsis (EONS), with reported rates of 1.03 cases per 1,000
live births [53] and 1.48 per 1,000 live births [63]. Risk
factors associated with EONS were maternal exposure to
antibiotics [47, 53, 55], maternal BMI [63], caesarean sec-
tion delivery [63] and gestational age [47].

Supplementary Tables 1 and 2 show the findings from
all included studies and can be found in additional file 1.

Discussion

Summary of evidence

Socioeconomic factors associated with increased inci-
dence of sepsis included lower socioeconomic status,
unemployment, and lower education level, although
findings were not consistent across studies. Studies
assessing the association between ethnicity and sepsis
rates reported mixed results, with two studies finding
increased sepsis rates in white populations compared
to black populations and another showing higher rates
in black populations than white. Living in a medically
underserved area or being resident in a nursing home was
also shown to increase risk of sepsis. In terms of mortal-
ity, lower income, unemployment, and poverty levels
were all associated with increased in-hospital mortality.
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In studies considering effects of ethnicity on in-hospital
and longer-term mortality the results were mixed, with
some studies finding no significant associations, some
reporting increased odds of mortality in non-white popu-
lations and others reporting increased mortality in white
populations. Sepsis mortality rates were also found to be
higher in people living in rural areas and those who were
resident in a skilled nursing facility.

It is notable that the literature is dominated by research
conducted in the USA and none of the studies identi-
fied under the non-pregnancy related searches used UK
data. This is an important consideration for healthcare
and public health professionals outside of the USA as
differences in structural inequalities between the USA
and other high-income countries may make the results
less generalisable. The majority of studies focused on in-
hospital mortality as the primary outcome, so there also
needs to be more focus on the risks of developing sepsis
and longer-term outcomes such as healthcare utilisation.

The sources of data varied between the studies, as did
the methods of identifying sepsis. Differences in sepsis
definitions leads to different reported prevalence/cohort
sizes [68]. Some of the studies were based in single cen-
tres and only included a few hundred patients, whilst
others represented national populations and included
millions of patients. Many of the studies used data from
secondary care only and none used primary care data,
even though the majority of cases of sepsis develop in the
community rather than the hospital. Additionally, there
was a lot of variation in measures used in the analyses,
particularly in the studies assessing socioeconomic fac-
tors, where there was no standardised definition of socio-
economic status and therefore results varied. There were
some studies who assessed a combination of socioeco-
nomic, community and race factors, however, some only
focused on one area related to health inequality. This is
important as there is overlap between the different areas.
The paper by Vazquez Guillamet et al. [20] concluded
that race did not have a significant effect on sepsis mor-
tality when accounting for socioeconomic variables. A
commentary piece published in 2018 by Shankar-Hari
and Rubenfeld [69] titled “Race, ethnicity and sepsis:
beyond adjusted odds ratios” suggested that there needs
to be more research into the underlying causes of race/
ethnicity disparities not just in sepsis but in wider health
areas. Future studies should take into account not just
socioeconomic status and population demographics,
which will likely vary between ethnic groups, but also
consider the intersectionality between these and other
factors such as comorbidity levels and health behaviours
e.g. smoking, alcohol use or exercise.
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Limitations

Due to the rapid nature of the review the scope was lim-
ited and the search strategy not as comprehensive as for
systematic reviews. We searched for the key terms in the
titles only, searched a single database (Embase) and only
included studies published from 2010 onwards. We also
acknowledge that pathogen specific publications which
do not specifically include the word sepsis may have been
screened out. Examples include those that report on
invasive group A and B streptococcal disease [67]. Studies
conducted in LMICs were excluded as the results will be
less generalisable to the UK population. Whilst the bur-
den of sepsis is highest in LMICs there is a lack of good
quality data from these countries [70]. The challenges in
recognising and managing sepsis within LMICs, such as
lack of access to healthcare, malnutrition and infrastruc-
ture [71], are not as applicable in higher- income coun-
tries. Some aspects of the Core20PLUS5 approach to
addressing health inequalities were not included in this
rapid review. These mainly related to inclusion health
groups, including people with multi-morbidities, vulner-
able migrants, Gypsy, Roma and Traveller communities,
sex workers, people in contact with the justice system
and victims of modern slavery. Additionally, the 4 comor-
bidities/conditions within the ‘5> component other than
maternity were not areas of focus (severe mental illness,
COPD, cancer & hypertension). The five included areas
were chosen as they are the factors that cover the largest
groups in the population and were identified as the most
important. Although we did not include the other areas
in our review it is still vital that future studies consider
these aspects in order to address all potential influences
on sepsis risks and outcomes. The bias of the included
studies was not assessed, nor did we critically appraise
them.

Future work

From the studies identified, there are clear correlations
between sepsis morbidity and mortality and the pres-
ence of factors associated with health inequalities. There
is a need for UK based studies, using nationally repre-
sentative data, to better understand how factors associ-
ated with health inequalities affect sepsis incidence and
mortality in the UK population. With the availability
of electronic health record data for research there are
increasing opportunities to disaggregate the data and
stratify risk by patient demographic. For example, in the
UK the Clinical Practice Research Datalink (CPRD) and
Hospital Episode Statistics (HES) data provide nation-
ally representative primary and secondary care records
with linkage available to deprivation and socioeconomic
scores. Once this is better understood, healthcare and
public health professionals can be empowered to close
the health gap and reduce inequalities through targeted
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recommendations for the recognition and early manage-
ment of sepsis. Recent guidance in the UK highlighted
the importance of early intervention in sepsis whilst bal-
ancing that with the need to use antibiotics more appro-
priately. Understanding which patients are at greater risk
of sepsis mortality and morbidity, in terms of the factors
associated with inequalities discussed in this review and
other known risk factors, may help clinicians target anti-
biotic use more effectively. Given the lack of evidence
from outside the USA, there is not sufficient informa-
tion available to inform policy, at either a global level or
an individual country level (except the USA). Although
some of the findings from USA studies may be general-
isable to other settings there needs to be further explo-
ration of the similarities and differences in inequality
factors in different populations. Critical to the above is
improved coding in electronic health records alongside
appropriate data linkage.

Conclusion

Factors relating to health inequalities such as depriva-
tion and ethnicity have been shown to be associated with
poorer outcomes in COVID-19 and increased rates of
antimicrobial resistance. In order to inform local guid-
ance and drive public health measures, there is a need
for studies conducted across more diverse setting and
countries.
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