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Summary
Background Health inequalities are deeply entrenched in society, and finding ways to reduce these, therefore, 
represents a major health policy challenge. Focusing on the two highest weighted Index of Multiple Deprivation 
domains, namely income and employment, we sought to synthesise the evidence on the association between these 
major determinants of socioeconomic status and asthma outcomes.

Methods In this systematic review and meta-analysis, we searched key concepts related to employment, income, and 
asthma outcomes using Medline and Embase for studies published between January 1, 2010 and April 3, 2025. 
Studies were eligible for inclusion if they were in English and described an association between income and/or 
employment and asthma outcomes, including exacerbations, hospital admissions and mortality, in people with 
asthma. Risk Of Bias In Non-randomized Studies–of Exposures (ROBINS-E), Risk of Bias (RoB) and adapted 
RoB tools were used to assess the risk of bias in the included studies. Using the restricted maximum likelihood 
method, we meta-analysed the rate of exacerbations and explored heterogeneity between age-related population 
groups: children (under 18 years) and adults (18 years and older). This study was registered with PROSPERO, 
CRD42024527300.

Findings We identified 4153 potentially eligible studies, of which 3141 were screened. 30 studies met the inclusion 
criteria, with most having a low risk of bias. 19 studies reported income as the exposure and exacerbation as the 
outcome, of which ten were included in the meta-analysis. People in the lowest income group were more likely to 
experience an asthma exacerbation than those in the highest income group: OR 1.25; 95% CI 1.13–1.37 overall and 
when stratified by age: children (1.36 [1.23–1.50]) and adults (1.19 [1.05–1.33]). Only three studies investigated the 
role of unemployment and were narratively synthesised. While unemployment was associated with increased 
emergency care visits, its role in predicting exacerbations was less clear.

Interpretation There is a need for upstream interventions aiming to reduce income inequalities and to investigate 
their impact on reducing asthma inequalities.
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Introduction
Addressing the impact of deprivation on asthma out- 
comes has been identified as both a research and health 
policy priority in the UK. 1 An estimated 5.4 million 
people have asthma, approximately 8 in every 100,

placing the UK among the countries with the highest 
asthma prevalence worldwide. 2 The UK also has one of 
the highest asthma death rates for 5- to 34-year-olds in 
Europe. 3 The inequalities over the last decade due to 
austerity, poverty and COVID-19 have contributed to
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over a million premature deaths and are likely to have 
led to poorer asthma outcomes, notably in manage- 
ment, in the most deprived deciles. 4–6 Asthma costs the 
UK health service an estimated £1.1 billion annually, 
with almost three-quarters spent on providing primary 
care services (60% prescribing and 14% consultations). 7 

England’s National Health Service (NHS) launched 
the Core20PLUS5 in 2021 as part of its 10-year Long 
Term Plan. 8 This initiative aims to tackle healthcare 
inequalities in the most deprived IMD quintile (Core20) 
among the most vulnerable (PLUS) based on five key 
clinical outcomes requiring ‘accelerated improvement’, 
including chronic respiratory disease. 9 

The role of socioeconomic inequalities in asthma 
care and outcomes is well-documented in the 
literature. 10–12 Socioeconomic status (SES), the most 
common measure of socioeconomic inequalities, is 
considered a social determinant of health and a risk 
factor for worse asthma outcomes. 13 Previous system- 
atic reviews have reviewed the association between 
SES broadly and asthma prevalence and allergies as 
well as health care utilisation, exacerbations and 
mortality. 14,15 However, SES is a social construct 
encompassing many factors. 16 To that end, SES is

most commonly proxied by the Index of Multiple 
Deprivation (IMD). 17 IMD, last recorded in 2019, 
comprises seven unevenly weighted domains, i.e., 
income (22.5%), employment (22.5%), health (13.5%), 
education (13.5%), crime (9.3%), barriers to housing 
and services (9.3%) and living environment (9.3%). 18 

As the interest is on where to improve and what can 
be modified, it is important to tease out the compo- 
nents of IMD, starting with those most highly weigh- 
ted, namely income and employment. 

No previous systematic reviews have been conducted 
focused on the association between employment/ 
income domains of socioeconomic status and asthma 
outcomes. We sought to critically assess and synthesise 
the evidence on the association between income and 
employment as the two key contributors to SES and 
asthma outcomes from 2010 to 2025.

Methods
This systematic review is reported following the Pre- 
ferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 statement and its 
checklist (Supplementary material Table S1). 19 The

Research in context

Evidence before this study 
Embase and MEDLINE (via the OVID interface) were used to 
identify previous systematic reviews and meta-analyses 
published in English from 2010 until 2025 on the association 
between socioeconomic status and asthma outcomes. The 
search terms deployed were: ((asthma) AND (mortality OR 
*admissions OR exacerbations OR hospitali?ations) AND 
(socioeconomic status OR ses) AND (inequalities OR 
deprivation OR imd OR index of multiple deprivation) AND 
(systematic review OR meta-analysis)). Two previous studies 
were identified. One study investigated socioeconomic status 
as a whole and by specific domains, such as education and 
employment, and included studies published between 2000 
and 2005. The main findings revealed that lower 
socioeconomic status was associated with more secondary 
care healthcare utilisation. The other study focussed on 
asthma prevalence and allergies, with the former being 
associated with a lower socioeconomic position (an indicator 
of socioeconomic status) and the latter being associated with 
a higher socioeconomic position.

Added value of this study 
This is an up-to-date review of the role of socioeconomic 
inequalities in asthma outcomes for children and adults from 

2010 to 2025. Amid regional and global economic and 
political challenges, this timely review focuses on the two 
highest weighted components of the Index of Multiple 
Deprivation (IMD) domains, income and employment, and

synthesises these specific factors contributing to 
socioeconomic status and the association with asthma 
outcomes. The association was assessed overall and by 
children and adults separately, indicating that lower income 
is associated with a higher risk of asthma exacerbations in 
children and adults.

Implications of all the available evidence 
Lower income and unemployment reflect the material 
disadvantage (the lack of income, goods and services), which 
can have synergistic effects on poorer asthma outcomes in 
four ways: 1) the high costs of healthy living; 2) indoor and 
air outdoor pollution and loss of protective factors; 3) the 
pathobiology of poverty; and 4) inverse care law. Addressing 
the material disadvantages is paramount to improving 
widespread disparities and, as such, requires a multipronged 
approach. Researchers will need to investigate further the 
underlying mechanisms at IMD domain level, including the 
direct role of unemployment and income on hospital 
admissions and mortality in a heterogeneous adult 
population. Clinicians should recognise and consider options 
to mitigate these material disadvantages that manifest in 
the clinical pathway and impact outcomes. Policymakers 
should consider policies, such as better housing conditions 
and unemployment-related stress, targeting the worst 
deprived groups to improve outcomes and reduce long-term 

inequalities.
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protocol was documented and registered in the Inter- 
national Prospective Register of Systematic Reviews 
(PROSPERO) (CRD42024527300). Ethical approval and 
participant consent were not required because we ana- 
lysed data from published studies. Health Data 
Research United Kingdom’s (HDR-UK) Patient and 
Public Involvement and Engagement (PPI) were con- 
sulted on the conception, approach and search strategy.

Search strategy and selection criteria
Embase and MEDLINE (via the OVID interface) were 
the bibliographic databases selected for the systematic 
review, as they provided the scientific literature in 
public health and biomedical sciences with the most 
relevant and ‘unique’ references. 20,21 

A preliminary search was conducted on Embase and 
MEDLINE on March 7, 2024, to validate the concept 
and prevent redundancy in research efforts. 22 Once the 
search was completed, the results were reviewed to 
verify the concepts and ensure a sufficient collection of 
relevant studies for review. The search terms were 
refined for the next search and reviewed iteratively until 
the results accurately captured the research question 
and only included studies that covered search terms in 
the titles and abstracts, such as generic terms of the 
main exposures (economic, deprivation, employment) 
and observable asthma outcomes from diagnosed 
asthma patients (admissions, exacerbations and mor- 
tality). The search terms were finalised on April 3, 2025. 
The search terms included English language pub- 
lications from January 1, 2010, to April 3, 2025. The 
search strategy was devised by ZG, HW and JKQ 
(clinician) (Supplementary material Table S2a–c). 

The Population, Intervention, Comparator, Outcome, 
and Study (PICOS) framework was employed to for- 
mulate the eligibility criteria (Supplementary material 
Table S3). 23 Outcome measures included binary, count, 
rates or time to (first) event, thus reporting odds ratio 
(OR), risk ratio (RR), incidence rate ratio (IRR) or hazard 
ratio (HR). 

The RIS files of the databases were exported to 
Covidence to automatically identify and remove dupli- 
cates for screening the titles and abstracts. 24 To mini- 
mise the risk of error/bias, multiple independent 
reviewers (IK, EM, AMA, and AT) assessed the titles 
and abstracts of the retrieved studies according to the 
eligibility criteria. In cases of disagreement, a referee 
was consulted (HW). Then, the full text of the 
remaining studies was screened to determine its rele- 
vance to the research question and ensure that none of 
the exclusion criteria were present. Justification was 
provided for the excluded studies (Supplementary 
material Table S4). The PRISMA flow diagram illus- 
trates all the steps in the selection process (Fig. 1). 

Data from the full-text studies were extracted 
from Covidence to outline the study’s main character- 
istics, including exposure, population, outcomes,

sociodemographic covariates, body mass index (BMI), 
smoking, and key findings (ZG, lK, EM, AMA, and AT). 
Any discrepancies were discussed between the two sets 
of initial reviewers, and where an agreement could not 
be reached, a referee was consulted (HW). 

Three risk-of-bias tools for eligible studies were used 
depending on the study design. ROBINS-E was used to 
evaluate the risk of bias in observational studies. 25,26 The 
Risk of Bias (RoB 2) was used for randomised control 
trials. 27 For cross-sectional studies, an adapted RoB 
domains framework was used. 28,29 After completing the 
domains, an overall judgement was made (low, mod- 
erate or high) and reported in the review. Two reviewers 
(ZG, HW) independently assessed the risk of bias in all 
included studies and completed the assessment tool in 
Word (Supplementary material Table S5a–c).

Data analysis
Data were pooled using random-effects meta-analysis 
using Stata (version 18) based on comparable exposure, 
outcomes, covariates and methodology. 30 Forest plots 
illustrated the heterogeneity between studies, where the 
I 2 statistic >50% indicated a substantial impact of heter- 
ogeneity. 31 Since odds ratios have favourable mathemat- 
ical properties, meta-analyses were based on odds ratios. 32 

Ad-hoc transformations were applied to selected 
unit effect measures to allow comparisons based on a 
derivation of the conversion formula (Supplementary 
material Appendix S1). 33,34 We estimated the baseline 
risk for studies reporting HR. In Cardet et al., 35 

β coefficients were reported from the structural equa- 
tion model predicting the direct association between 
low SES (latent variable) and asthma-related hospital- 
isations (0 or 1+). While the paper did not specify 
whether the structural equation model was probit or 
logit, it was more likely to be probit because the β 
coefficients are reported by standard deviation. From 
Amemiya’s study, 36 probit estimates can be transformed 
to log odds by a factor of 1.6 and then exponentiated to 
obtain approximate odds ratios and 95% confidence 
intervals. Renzi-Lomholt et al. 37 reported the odds ratio 
for exacerbations in the least deprived compared to the 
most deprived (reference category). In contrast, the 
other studies had the least deprived group as the ref- 
erence category. For consistency, the odds ratio and 
95% confidence interval were transformed by taking the 
inverse for quantitative aggregation. 33,38 

The overall effect size was estimated using a 
random-effects (RE) model. The weighting of the RE 
model was based on the inverse of the total variance. 
The estimator for between-study variability was based 
on the Restricted Maximum Likelihood (REML) 
method to obtain an unbiased, non-negative estimate of 
between-study variability. 39 Subgroup analysis was also 
performed to explore heterogeneity between age-related 
population groups (patients below 18 compared to 
patients at least 18 years old).
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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.

Results
3632 studies were identified, 2583 from Embase and 
1049 from MEDLINE (Fig. 1). After removing dupli- 
cates (1012 articles), 3141 articles were screened based 
on their titles and abstracts. 59 articles were included in 
the full-text screening, of which 29 were excluded 
(Supplementary material Table S4). Therefore, 30

studies were included in the systematic review and 
meta-analysis. 35,37,40–67 

Studies were conducted in five different countries: 
USA (n = 18; 60%), UK (n = 7; 23%), Canada (n = 3, 10%), 
France (n = 1; 3%) and Denmark (n = 1; 3%) (Table 1). 
The publication dates of the included studies ranged from 
2010 to 2025, with most papers published in 2024 (n = 9; 
30%). Analyses were generally of observational design 
(n = 29; 97%), with cohort studies (retrospective, pro- 
spective or population-based) the most common. One 
study was both a cross-sectional and longitudinal study. 65 

Studies either had measured income per se as an 
exposure (n = 15; 50%) or as part of a deprivation index

Fig. 1: PRISMA flow diagram of study screening and selection.

Articles

4 www.thelancet.com Vol 56 September, 2025

http://www.thelancet.com


St
ud
y  

Co
un
tr
y  

Po
pu
la
ti
on  

St
ud
y  
ty
pe  

M
ai
n  
ex
po
su
re
(s
)  

M
ai
n  
ou
tc
om

e(
s)  

Va
ria
bl
e(
s)  

De
fin

it
io
n(
s)  
or  

m
ea
su
re
m
en
t(
s)  

M
ai
n  
fin

di
ng
s  a
(9
5%  

CI
)

Di
sa
no  

et  
al
.  

(2
01
0)  
43

Ca
na
da  

46
,1
73  

ur
ba
n  

di
ss
em

in
at
io
n  
ar
ea
s  

De
sc
rip
tiv
e  

In
st
itu
t  
na
tio
na
l  d
e  
sa
nt
é  

pu
bl
iq
ue  

du  
Q
ué
be
c  

(IN
SP
Q
)  D
ep
riv
at
io
n  
In
de
x  

fo
r  
he
al
th  

Ag
e-
st
an
da
rd
ise
d  
ho
sp
ita
l  

ad
m
iss
io
ns  
ra
te
s  
fo
r  
th
e  

tr
ea
tm
en
t  
of  
AC
SC
s  

(C
O
PD
,  d
ia
be
te
s  
an
d  

as
th
m
a  
in  
ch
ild
re
n)

Co
un
t  

N
um

be
r  
of  
am

bu
la
to
ry  
ca
re  

se
ns
iti
ve  
co
nd
iti
on
s  
re
la
te
d  

ho
sp
ita
l  a
dm

iss
io
ns  

•  
Lo
w  
IN
SP
Q
:  2
70  

pe
r

10
0,
00
0

•  
H
ig
h  
IN
SP
Q
:  1
61  

pe
r

10
0,
00
0

La
w  
et  
al
.  

(2
01
1)  
55

US
A  

23
8,
67
8  
ad
ul
ts  

Cr
os
s-  

se
ct
io
na
l  

(p
re
va
le
nc
e)  

Th
e  
ra
tio  

of  
fa
m
ily  

in
co
m
e  
to  
fe
de
ra
l  

po
ve
rt
y  
le
ve
l  

As
th
m
a-
re
la
te
d  

em
er
ge
nc
y  
ro
om  

or  
ur
ge
nt  
ca
re  
ce
nt
er  
vi
sit  

in  
th
e  
pa
st  
12  

m
on
th
s  

Bi
na
ry  

(y
es
/n
o)  

Pa
tie
nt  
an
sw
er
ed  

“y
es
”  
to  
th
e  
tw
o  

qu
es
tio
ns
:

1.  
“D
ur
in
g  
th
e  
pa
st  
12  

m
on
th
s,

ha
ve  

yo
u  
ha
d  
an  

ep
iso
de  

of
as
th
m
a  
or  
an  

as
th
m
a  
at
ta
ck
?”  

2.  
“D
ur
in
g  
th
e  
pa
st  
12  

m
on
th
s,  

ha
ve  

yo
u  
ha
d  
to  
vi
sit  

an  
em

er
ge
nc
y  
ro
om  

or  
ur
ge
nt  
ca
re  

ce
nt
er  
be
ca
us
e  
of  
as
th
m
a?

O
R  
=  
1.
32  

a
(1
.0
3−
1.
68
)

Un
ga
r  e
t  
al
.  

(2
01
1)  
44

Ca
na
da  

49
0  
ch
ild
re
n  

Co
ho
rt  

(r
et
ro
sp
ec
tiv
e)  

Ch
ild
’s  
fa
m
ily  

so
cio
ec
on
om

ic  
an
d  

de
m
og
ra
ph
ic  

ch
ar
ac
te
ris
tic
s  

As
th
m
a  
ex
ac
er
ba
tio
ns  

(h
os
pi
ta
lis
at
io
ns  
an
d  

em
er
ge
nc
y  
de
pa
rt
m
en
t  

vi
sit
s)  

Co
un
t  

A  
co
un
t  
of  
ur
ge
nt  
vi
sit
s  

(h
os
pi
ta
liz
at
io
ns  
an
d  
ED  

vi
sit
s)

du
rin
g  
1-
ye
ar  
fo
llo
w
-u
p,  
w
he
re  
an

ED  
vi
sit  

th
at  
re
su
lte
d  
in  
a  
ho
sp
ita
l

ad
m
iss
io
n  
w
as  
co
un
te
d  
as  
a  
sin
gl
e  

ex
ac
er
ba
tio
n

β  
=  
−0
.3
3  a  
(−
0.
64
/-
0.
01
4)

Au
ge
r  
et  
al
.  

(2
01
3)  
56

US
A  

60
1  
ch
ild
re
n  

Co
ho
rt  

(p
ro
sp
ec
tiv
e)  

To
ta
l  a
nn
ua
l  h
ou
se
ho
ld  

in
co
m
e  

(T
im
e  
to
)  
re
ad
m
iss
io
n  
fo
r  

an  
ac
ut
e  
as
th
m
a  

ex
ac
er
ba
tio
n  

Ev
en
t  
tim

e  
Ad
m
iss
io
n  
di
ag
no
sis  

re
co
rd
ed  

as  
ac
ut
e  
as
th
m
a  
ex
ac
er
ba
tio
n  
w
ith

ev
id
en
ce  
ba
se
d  
cli
ni
ca
l  p
at
hw
ay  
fo
r

ac
ut
e  
as
th
m
a  
ca
re  
by  
th
e  
ad
m
itt
in
g  

ph
ys
ici
an
.

H
R  
=  
1.
82  

a  
(0
.7
8–
4.
23
)

To  
et  
al
.  

(2
01
4)  
41

Ca
na
da  

As
th
m
a  
pr
ev
al
en
t  

po
pu
la
tio
n  

(u
ns
pe
cifi
ed
)  

Co
ho
rt  

(p
op
ul
at
io
n-  

ba
se
d)  

O
nt
ar
io  
M
ar
gi
na
lis
at
io
n  

In
de
x  
(O
N
-M
ar
g)  

(d
ep
riv
at
io
n  
qu
in
til
es
)  

As
th
m
a-
sp
ec
ifi
c  
(o
r  

un
de
rly
in
g)  
m
or
ta
lit
y  

Co
un
t  

•  
As
th
m
a-
sp
ec
ifi
c  
m
or
ta
lit
y:  
ca
se
s  

w
ith  

as
th
m
a  
lis
te
d  
as  
th
e  

pr
im
ar
y  
ca
us
e  
of  
de
at
h  

de
te
rm
in
ed  

vi
a  
In
te
rn
at
io
na
l  

Cl
as
sifi
ca
tio
n  
of  
Di
se
as
es  
(IC
D-
9)  

co
de
s  

•  
As
th
m
a-
co
nt
rib
ut
in
g  
m
or
ta
lit
y:  

on
e  
of  
th
e  
se
co
nd
ar
y  
ca
us
es  
of  

de
at
h  
de
te
rm
in
ed  

vi
a  

In
te
rn
at
io
na
l  C
la
ss
ifi
ca
tio
n  
of  

Di
se
as
es  
(IC
D-
9)  
co
de
s

As
th
m
a-
un
de
rly
in
g  
or

sp
ec
ifi
c  
m
or
ta
lit
y:

•  
Po
iss
on  

Ra
te

Ra
tio  

=  
1.
60  

a
(1
.1
6–
2.
20
)

As
th
m
a-
co
nt
rib
ut
in
g

m
or
ta
lit
y:

•  
Po
iss
on  

Ra
te

Ra
tio  

=  
1.
34  

a
(1
.1
0–
1.
64
)

Zh
an
g  
et  
al
.  

(2
01
7)  
42

US
A  

55
35  

ch
ild
re
n  
(a
ge
d  

2–
17
)  

Co
ho
rt  

In
co
m
e  
(L
ow
:  <
$3
5,
00
0,  

M
id
dl
e:  
$3
5,
00
0–
$7
5,
00
0,  

H
ig
h:  

≥
$7
5,
00
0)  

Em
er
ge
nc
y  
ro
om  

(E
R)  

vi
sit
s  
(s
el
f-
re
po
rt
ed  

m
ea
su
re
s  
of  
on
e  
or  
m
or
e  

ED  
vi
sit
s  
in  
th
e  
pa
st  
12  

m
on
th
)  

Bi
na
ry  

(y
es
/n
o)  

ED  
vi
sit  

st
at
us  
w
as  
re
co
rd
ed  

in  
re
sp
on
se  
to
:  

“D
ur
in
g  
th
e  
pa
st  
12  

m
on
th
s,  
ha
s

{c
hi
ld
’s  
na
m
e}  
ha
d  
to  
vi
sit  

an
em

er
ge
nc
y  
ro
om  

or  
ur
ge
nt  
ca
re

ce
nt
er  
be
ca
us
e  
of  
{h
is/
he
r}  

as
th
m
a?
”

Pr
ev
al
en
ce  
ra
tio
s  
=  
0.
47  

a

(0
.2
8–
0.
80
)

Gu
pt
a  
et  
al
.  

(2
01
8)  
57

En
gl
an
d  

(U
K)  

14
,8
30  

re
co
rd
ed  

as
th
m
a  
de
at
hs  
of  

ch
ild
re
n  
an
d  
ad
ul
ts  

54
2,
87
7  
em

er
ge
nc
y  

as
th
m
a  
ad
m
iss
io
ns  

ov
er  
th
e  
ag
e  
of  
5  

Cr
os
s-  

se
ct
io
na
l  

En
gl
ish  

IM
D  

As
th
m
a  
m
or
ta
lit
y  
an
d  

ho
sp
ita
l  a
dm

iss
io
ns  

Co
un
t  

(h
os
pi
ta
l  

ad
m
iss
io
ns  

an
d  

m
or
ta
lit
y)  

•  
Th
e  
nu
m
be
rs  
of  
re
gi
st
er
ed  

de
at
hs  
in  
En
gl
an
d  
w
ith  

un
de
rly
in
g  
ca
us
e  
of  
as
th
m
a  

(In
te
rn
at
io
na
l  C
la
ss
ifi
ca
tio
n  
of  

Di
se
as
es  
Ve
rs
io
n  
10  

(IC
D-
10
)  J
45  

an
d  
J4
6)  
re
co
rd
ed  

on  
th
e  
de
at
h  

ce
rt
ifi
ca
te
.  

•  
N
um

be
rs  
of  
em

er
ge
nc
y  

ad
m
iss
io
ns  
w
ith  

a  
pr
im
ar
y  

di
ag
no
sis  

of  
as
th
m
a  

M
or
ta
lit
y:

•  
5–
44
:  I
RR  

=  
0.
81  

a

(0
.6
9–
0.
96
)

•  
45
–7
4:  
IR
R  
=  
1.
37  

a

(1
.2
4–
1.
52
)

•  
75
+:  
IR
R  
=  
1.
30  

a

(1
.2
2–
1.
39
)

Ad
m
iss
io
ns
:

•  
5–
44
:  I
RR  

=  
3.
34  

a

(3
.3
0–
3.
38
)

•  
45
–7
4:  
IR
R  
=  
2.
01  

a  

(1
.9
8–
2.
05
)

•  
75
+:  
IR
R  
=  
1.
43  

a

(1
.3
9–
1.
47
)  

(T
ab
le  
1  
co
nt
in
ue
s  
on  

ne
xt  
pa
ge
)

Articles

www.thelancet.com Vol 56 September, 2025 5

http://www.thelancet.com


St
ud
y  

Co
un
tr
y  

Po
pu
la
ti
on  

St
ud
y  
ty
pe  

M
ai
n  
ex
po
su
re
(s
)  

M
ai
n  
ou
tc
om

e(
s)  

Va
ria
bl
e(
s)  

De
fin

it
io
n(
s)  
or  

m
ea
su
re
m
en
t(
s)  

M
ai
n  
fin

di
ng
sa
(9
5%  

CI
)

(C
on
tin
ue
d  
fro
m  
pr
ev
io
us  
pa
ge
)

M
az
al
ov
ic  

et  
al
.  

(2
01
8)  
45

Fr
an
ce  

25
5  
ch
ild
re
n  
an
d  

ad
ul
t  
pa
tie
nt
s  

Co
ho
rt  

(a
nc
ill
ar
y,  

pr
os
pe
ct
iv
e)  

SE
S  
(d
er
iv
ed  

fro
m  
th
e  

Fr
en
ch  

N
at
io
na
l  c
la
im
s  

da
ta
ba
se  
an
d  
GP
s  

co
m
pu
te
ris
ed  

qu
es
tio
nn
ai
re
s)  

As
th
m
a  
ex
ac
er
ba
tio
ns  

(fo
llo
w
ed  

by  
m
ea
su
re
s  
on  

m
an
ag
in
g  
as
th
m
a  

ex
ac
er
ba
tio
ns
)  

Co
un
t  

Th
e  
oc
cu
rre
nc
e  
of  
at  
le
as
t  
on
e  
of  

th
e  
fo
llo
w
in
g  
as
th
m
a-
re
la
te
d  

ev
en
ts
:  O
Cs  
co
ur
se
s,  
un
pl
an
ne
d  

m
ed
ica
l  v
isi
ts  
to  
a  
GP  

or  
a  
ho
sp
ita
l

em
er
ge
nc
y  
de
pa
rt
m
en
t,

ho
sp
ita
liz
at
io
n,  
or  
de
at
h

•  
M
an
n–
W
hi
tn
ey  
te
st
:

p  
=  
0.
38

•  
O
R  
=  
0.
27  

(0
.0
9–
0.
84
)

Ca
rd
et  

et  
al
.  

(2
01
8)  
40

US
A  

38
1  
ad
ul
t  
pa
rt
ici
pa
nt
s  

RC
T  

SE
S  
co
rre
la
te
s:  

(1
)  
In
co
m
e  
gr
ou
p  
(lo
w
:  

<$
50
,0
00  

vs
.  h
ig
h)  

(2
)  
H
ou
se
ho
ld  

ed
uc
at
io
na
l  l
ev
el  

(<
Ba
ch
el
or
’s  
De
gr
ee
)  

(3
)  
Pe
rc
ei
ve
d  
St
re
ss  
Le
ve
l  

(≥
20
)  

As
th
m
a  
ex
ac
er
ba
tio
ns  

(r
eq
ui
rin
g  
sy
st
em

ic  
co
rt
ico
st
er
oi
ds
)  

Co
un
t  

Sa
tis
fy
in
g  
bo
th  
th
e  
tr
ea
tm
en
t  

fa
ilu
re  
cr
ite
ria  

an
d  
≥
1  
of  
th
e  

fo
llo
w
in
g:

•  
Fa
ilu
re  
to  
re
sp
on
d  
to  
re
sc
ue

al
go
rit
hm  

w
ith
in  
48  

h
•  
FE
V1  

≤
50
%  
of  
ba
se
lin
e  
or  
<4
0%

of  
pr
ed
ict
ed  

(2  
co
ns
ec
ut
iv
e

m
ea
su
re
m
en
ts
)

•  
Le
va
lb
ut
er
ol  
us
e  
of  

≥
16  

pu
ffs
/d
ay  
fo
r  
48  

h  
•  
Ex
ac
er
ba
tio
n  
pe
r  
ph
ys
ici
an  

op
in
io
n  

•  
Sy
st
em

ic  
co
rt
ico
st
er
oi
d  

tr
ea
tm
en
t  
fo
r  
as
th
m
a  

N
B:  
Th
e  
tre
at
m
en
t  
fa
ilu
re  
is  
de
fin
ed  

as  
≥
1  
of  
th
e  
fo
llo
w
in
g:  

•  
Pe
ak  
ex
pi
ra
to
ry  
flo
w  
≤
65
%  
of  

ba
se
lin
e  
(2  
of  
3  
co
ns
ec
ut
iv
e  

m
ea
su
re
m
en
ts
)  

•  
FE
V1  

≤
80
%  
of  
ba
se
lin
e  
(2  

co
ns
ec
ut
iv
e  
m
ea
su
re
m
en
ts
)  

•  
Le
va
lb
ut
er
ol  
do
se  
in
cr
ea
se  
by  

≥
8  

pu
ffs
/d
ay  
fo
r  4
8  
h  
(v
s.  
ba
se
lin
e)  

•  
Ad
di
tio
na
l  I
CS  
or  
sy
st
em
ic  

co
rti
co
st
er
oi
d  
tre
at
m
en
t  

•  
As
th
m
a-
re
la
te
d  
em
er
ge
nc
y  

de
pa
rtm
en
t  
vi
sit  
or  
ho
sp
ita
liz
at
io
n  

w
ith  
sy
st
em
ic  
co
rti
co
st
er
oi
d  

tre
at
m
en
t  

•  
Pa
rti
cip
an
t  
di
ss
at
isf
ac
tio
n  
w
ith  

tre
at
m
en
t  

•  
Ph
ys
ici
an  
cli
ni
ca
l  s
af
et
y  
ju
dg
m
en
t

Po
iss
on  

Ra
te  
Ra
tio  

=  
1.
80

a

(1
.1
0–
3.
10
)

Gr
un
w
el
l  

et  
al
.  

(2
01
8)  
46

US
A  

57
9  
ch
ild
re
n  
(6
–1
8  

ye
ar
s  
ol
d)  

Co
ho
rt  

(r
et
ro
sp
ec
tiv
e)  

In
co
m
e  
(b
el
ow  

an
d  
ab
ov
e  

th
e  
po
ve
rt
y  
lin
e)  

PI
CU  

(P
ae
di
at
ric  

In
te
ns
iv
e  

Ca
re  
Un
it)  
ad
m
iss
io
n  

Bi
na
ry  
(y
es
/  

no
)  

Ad
m
itt
ed  

to  
th
e  
ho
sp
ita
l  f
or  
an  

as
th
m
a  
ex
ac
er
ba
tio
n  
in  
th
e  
la
st

12  
m
on
th
s

O
R  
=  
1.
28  

a  
(1
.0
2–
1.
61
)

Eu
m  
et  
al
.  

(2
01
9)  
47

US
A  

20
93  

ch
ild
re
n  
(2
01
1:  

10
70  

&  
20
15
:  1
02
3)  

Cr
os
s-  

se
ct
io
na
l  

SE
S  
(m
ed
ia
n  
ho
us
eh
ol
d  

in
co
m
e,  
re
sid
en
ts
’  

ed
uc
at
io
n  
le
ve
l,  
he
al
th  

in
su
ra
nc
e  
co
ve
ra
ge
,  a
nd  

un
em

pl
oy
m
en
t  
ra
te
)  

Ch
ild
re
n’
s  
as
th
m
a-
re
la
te
d  

em
er
ge
nc
y  
de
pa
rt
m
en
t  

(E
D)  

ut
ili
sa
tio
n  

Co
un
t  

Th
e  
to
ta
l  c
ou
nt  
of  
da
ily  
pe
di
at
ric  

as
th
m
a-
re
la
te
d  
ED  

vi
sit
s  
ba
se
d  
on  

pr
im
ar
y  
di
ag
no
sis  

co
de  

(In
te
rn
at
io
na
l  C
la
ss
ifi
ca
tio
n  
of  

Di
se
as
es
,  9
th  
Re
vi
sio
n  
(IC
D-
9)  
49
3;  

IC
D-
10  

J4
5)  

M
ed
ia
n  
ho
us
eh
ol
d  
in
co
m
e:

•  
20
11
:  R
R  
=  
−0
.0
3a

(−
0.
04
/−
0.
02
)

•  
20
15
:  R
R  
=  
−0
.0
3a

(−
0.
03
/−
0.
02
)

Un
em

pl
oy
m
en
t:

•  
20
11
:

RR  
=  
−0
.0
1  a (
−0
.0
4–
0.
03
)

•  
20
15
:  R
R  
=  
−0
.0
1  a

(−
0.
04
–0
.0
3)  

(T
ab
le  
1  
co
nt
in
ue
s  
on  

ne
xt  
pa
ge
)

Articles

6 www.thelancet.com Vol 56 September, 2025

http://www.thelancet.com


St
ud
y  

Co
un
tr
y  

Po
pu
la
ti
on  

St
ud
y  
ty
pe  

M
ai
n  
ex
po
su
re
(s
)  

M
ai
n  
ou
tc
om

e(
s)  

Va
ria
bl
e(
s)  

De
fin

it
io
n(
s)  
or  

m
ea
su
re
m
en
t(
s)  

M
ai
n  
fin

di
ng
sa
(9
5%  

CI
)

(C
on
tin
ue
d  
fro
m  
pr
ev
io
us  
pa
ge
)

Se
ib
er
t  

et  
al
.  

(2
01
9)  
48

US
A  

34
2  
ad
ul
ts  
(1
8–
41  

ye
ar
s  
ol
d)  

Co
ho
rt  

(lo
ng
itu
di
na
l)  

Se
lf-
re
po
rt
ed  

ho
us
eh
ol
d  

in
co
m
e  
ca
te
go
ry  
(<  

$1
5,
00
0,  
$1
5,
00
0–  

$2
9,
99
9,  
$3
0,
00
0–  

$5
0,
00
0,  
>$
50
,0
00
)  

As
th
m
a-
re
la
te
d  

em
er
ge
nc
y  
de
pa
rt
m
en
t  

(E
D)  

vi
sit
s  
an
d  

ho
sp
ita
liz
at
io
n  

Bi
na
ry  

(y
es
/n
o)  

Sa
m
e-
da
y  
ca
re  
(E
D  
vi
sit
,  

ho
sp
ita
liz
at
io
n,  
or  
an
y  
sa
m
e-
da
y  

m
ed
ica
l  v
isi
t  s
uc
h  
as  
a  
w
al
k-
in  
cli
ni
c  

or  
ur
ge
nt  
ca
re  
ce
nt
er
)  
in  
th
e  

pr
ev
io
us  
3  
m
on
th
s  

As
th
m
a-
re
la
te
d  
ED  

vi
sit
:  

•  
O
R  
=  
0.
88  

a
(0
.8
0–
0.
97
)  

As
th
m
a  
ho
sp
ita
liz
at
io
n:  

•  
O
R  
=  
0.
94  

a
(0
.8
2–
1.
08
)  

Br
ite  

et  
al
.  

(2
02
0)  
6
7

US
A  

30
,4
52  

ad
ul
ts  

Co
ho
rt  

SE
S  
de
fin
ed  

as  
(1
)  

Ed
uc
at
io
n  
an
d  
in
co
m
e  

an
d  
(2
)  
ra
ce
/e
th
ni
cit
y  

As
th
m
a-
re
la
te
d  

em
er
ge
nc
y  
de
pa
rt
m
en
t  

(E
D)  

vi
sit
s  

Co
un
t  

Th
e  
nu
m
be
r  
of  
as
th
m
a-
re
la
te
d  
ED  

vi
sit
s  
de
te
rm
in
ed  

by  
th
e  

In
te
rn
at
io
na
l  C
la
ss
ifi
ca
tio
n  
of  

Di
se
as
es
,  N
in
th  
Re
vi
sio
n,  
Cl
in
ica
l  

M
od
ifi
ca
tio
n  
(IC
D-
9-
CM

)  
an
d  

In
te
rn
at
io
na
l  S
ta
tis
tic
al  

Cl
as
sifi
ca
tio
n  
of  
Di
se
as
es
,  T
en
th  

Re
vi
sio
n,  
Cl
in
ica
l  M

od
ifi
ca
tio
n  

(IC
D-
10
-C
M
)  
co
de
s  
as  
a  
pr
in
cip
al  

di
ag
no
sis  
or  
a  
re
sp
ira
to
ry  
co
nd
iti
on  

lis
te
d  
as  
th
e  
pr
in
cip
al  
di
ag
no
sis  
an
d  

as
th
m
a  
lis
te
d  
as  
a  
se
co
nd
ar
y  

di
ag
no
sis  

β  
=  
11
.7
0  
(1
0.
60
–1
2.
70
)  

M
ol
in
a  

et  
al
.  

(2
02
0)  
54

US
A  

66
4  
ch
ild
re
n  

Cr
os
s-  

se
ct
io
na
l  

(r
et
ro
sp
ec
tiv
e)  

Al
ab
am

a  
ar
ea  
de
pr
iv
at
io
n  

in
de
x  
(p
ro
xy  
fo
r  

ne
ig
hb
ou
rh
oo
d  

de
pr
iv
at
io
n)  

Se
ve
re  
ho
sp
ita
liz
at
io
n  

(r
eq
ui
rin
g  
co
nt
in
uo
us  

al
bu
te
ro
l  o
r  i
nt
en
siv
e  
ca
re  

un
it  
ca
re
)  

Bi
na
ry  

(y
es
/n
o)  

In
te
ns
iv
e  
ca
re  
un
it  
ca
re  
or  

co
nt
in
uo
us  
al
bu
te
ro
l  

O
R  
=  
1.
09  

a  
(0
.7
3–
1.
63
)  

Jro
un
di  
&  

Ts
e  

(2
02
1)  
49

US
A  

66
,8
35  

ch
ild
re
n  

Co
ho
rt  

(r
et
ro
sp
ec
tiv
e)  

St
at
e  
m
ed
ia
n  
ho
us
eh
ol
d  

in
co
m
e  
(q
ua
rt
ile
s)  

Ti
m
e  
to  
as
th
m
a-
re
la
te
d  

re
ad
m
iss
io
n  
an
d  
tim

e  
to  

fir
st  
as
th
m
a-
re
la
te
d  
ED  

vi
sit  

da
te  

Ev
en
t  
tim

e  
Th
e  
fir
st  
as
th
m
a-
re
la
te
d  

re
ad
m
iss
io
n  
af
te
r  
th
e  

ho
sp
ita
liz
at
io
n  
di
sc
ha
rg
e  
da
te  

H
R  
=  
1.
33  

a  
(1
.1
5–
1.
53
)  

Al
sa
lla
kh  

et  
al
.  

(2
02
1)  
50

W
al
es  

(U
K)  

M
ai
n  
st
ud
y  
co
ho
rt
:  

10
6,
92
6  
ch
ild
re
n  
an
d  

ad
ul
ts  

As
th
m
a  
m
or
ta
lit
y  

an
al
ys
is:  
32
7,
90
6  

Co
ho
rt  

W
el
sh  
IM
D  
qu
in
til
es  

As
th
m
a-
re
la
te
d  
he
al
th  

se
rv
ice  

ut
ili
sa
tio
n  
an
d  

as
th
m
a-
re
la
te
d  
de
at
hs  

Co
un
t  

(h
os
pi
ta
l  

ad
m
iss
io
ns  

an
d  

m
or
ta
lit
y)  

Pa
tie
nt
s  
w
ith  

a  
pr
im
ar
y  
di
ag
no
sis  

of  
as
th
m
a  
(J4
5)  
or  
st
at
us  

as
th
m
at
icu
s  
(J4
6)  
co
de
d  
us
in
g  
th
e  

10
th  
Re
vi
sio
n  
of  
th
e  
In
te
rn
at
io
na
l  

Cl
as
sifi
ca
tio
n  
of  
Di
se
as
es  
(IC
D-
10
).  

Am
on
g  
th
es
e,  
em

er
ge
nc
y  

ad
m
iss
io
ns  
w
er
e  
de
fin
ed  
as  
co
m
in
g  

vi
a  
A&
E  
de
pa
rt
m
en
ts
,  u
rg
en
t  

re
fe
rra
ls  
fro
m  
GP
s,  
co
ns
ul
ta
nt  

cli
ni
cs
,  b
ed  

bu
re
au
s,  
or  
N
H
S  
Di
re
ct  

As
th
m
a-
re
la
te
d  
ac
cid
en
t  

an
d  
em

er
ge
nc
y  

at
te
nd
an
ce
s:  

•  
IR
R  
=  
1.
27  

a
(1
.1
0–
1.
46
)  

As
th
m
a  
em

er
ge
nc
y  

ad
m
iss
io
ns
:  

•  
IR
R  
=  
1.
56  

a
(1
.3
9–
1.
76
)  

As
th
m
a-
re
la
te
d  
de
at
h:  

•  
RR  

=  
1.
56  

a
(1
.1
8–
2.
07
).  

Bu
sb
y  
et  
al
.  

(2
02
1)  
51

UK  
12
7,
04
0  
ad
ul
t  

pa
tie
nt
s  

Co
ho
rt  

(p
op
ul
at
io
n-  

ba
se
d)  

In
di
ce
s  
of  
M
ul
tip
le  

De
pr
iv
at
io
n  
of  
th
ei
r  

ge
ne
ra
l  p
ra
ct
ice  

(a  
pr
ox
y  

m
ea
su
re  
fo
r  
in
di
vi
du
al  

SE
S)  

As
th
m
a  
pr
es
en
ta
tio
n,  

pr
oc
es
se
s  
an
d  
he
al
th
ca
re  

ou
tc
om

es
,  i
nc
lu
di
ng  

ex
ac
er
ba
tio
ns  

Bi
na
ry  
(y
es
/  

no
)  

Re
ad  

co
de  

in
di
ca
tin
g  
an  

‘A
st
hm

a  
Ex
ac
er
ba
tio
n’  
or  
‘A
st
hm

a  
At
ta
ck
,  

pr
es
cr
ip
tio
n  
of  
ac
ut
e  
or
al  

co
rt
ico
st
er
oi
ds  
(O
CS
),  
or  
a  
lo
w
er  

re
sp
ira
to
ry  
in
fe
ct
io
n  
re
qu
iri
ng  

an
tib
io
tic
s  

O
R  
=  
1.
27  

a
(1
.1
3–
1.
42
)  

Ca
rd
et  

et  
al
.  

(2
02
2)  
35

US
A  

(in
clu
di
ng  

Pu
er
to  

Ri
co
)  

99
0  
ad
ul
ts  

Cr
os
s-  

se
ct
io
na
l  

(a
nc
ill
ar
y)  

SE
S  
(b
as
ed  

on  
a  

m
ul
tid
om

ai
n,  
la
te
nt  

va
ria
bl
e  
de
fin
ed  

by  
po
ve
rt
y,  
ed
uc
at
io
n,  
an
d  

un
em

pl
oy
m
en
t)  

As
th
m
a  
m
or
bi
di
ty  

(e
xa
ce
rb
at
io
ns  
an
d  

As
th
m
a  
Co
nt
ro
l  T
es
t  

sc
or
e)  

Bi
na
ry  

(y
es
/n
o)  

O
ut
pa
tie
nt  
co
rt
ico
st
er
oi
d  
bu
rs
ts  
fo
r  

as
th
m
a,  
em

er
ge
nc
y  
ro
om  

[E
R]
/  

ur
ge
nt  
ca
re  
[U
C]  
vi
sit
s  
an
d  

ho
sp
ita
liz
at
io
ns  

Lo
w  
SE
S  
an
d  

ho
sp
ita
liz
at
io
ns
:  

•  
β  
=  
0.
24  

a
(0
.1
1–
0.
38
)  

Lo
w  
SE
S  
an
d  
as
th
m
a  
ER
/U
C  

vi
sit
s:  

•  
β  
=  
0.
03  

a
(0
.0
0–
0.
05
)  

Po
ve
rt
y  
an
d  
ad
di
tio
na
l  

as
th
m
a  
ho
sp
ita
lis
at
io
ns
:  

•  
β  
=  
0.
48  

a
(0
.1
5–
0.
80
)  

Un
em

pl
oy
m
en
t  
an
d  
ER
/U
C  

vi
sit
:

•  
β  
=  
0.
03  

a
(0
.0
1–
0.
06
)  

(T
ab
le  
1  
co
nt
in
ue
s  
on  

ne
xt  
pa
ge
)

Articles

www.thelancet.com Vol 56 September, 2025 7

http://www.thelancet.com


St
ud
y  

Co
un
tr
y  

Po
pu
la
ti
on  

St
ud
y  
ty
pe  

M
ai
n  
ex
po
su
re
(s
)  

M
ai
n  
ou
tc
om

e(
s)  

Va
ria
bl
e(
s)  

De
fin

it
io
n(
s)  
or  

m
ea
su
re
m
en
t(
s)  

M
ai
n  
fin

di
ng
sa
(9
5%  

CI
)

(C
on
tin
ue
d
fro
m
pr
ev
io
us
pa
ge
)

M
uk
he
rje
e  

et  
al
.  

(2
02
2)  
52

En
gl
an
d  

(U
K)  

21
10  

ch
ild
re
n  

O
bs
er
va
tio
na
l  

En
gl
ish  

IM
D  

H
ea
lth
ca
re  
re
so
ur
ce  

ut
ili
sa
tio
n  
an
d  
se
ve
rit
y,  

in
clu
di
ng  

ad
m
iss
io
ns  
an
d  

de
at
hs  

Co
un
t  

(h
os
pi
ta
l

ad
m
iss
io
ns

an
d

m
or
ta
lit
y)

N
um

be
r  
of  
de
at
hs  
in  
PI
CU  

β  
=  
1.
28  

a
(1
.1
0–
1.
49
)

Ka
lli
s  
et  
al
.  

(2
02
3)  
59

En
gl
an
d  

(U
K)  

89
8,
76
3  
ad
ul
ts  

(t
ra
in
in
g  
sa
m
pl
e)  

Co
ho
rt  

En
gl
ish  

IM
D  

As
th
m
a  
ex
ac
er
ba
tio
n  

(n  
=  
93
,6
25
)  

Bi
na
ry  

(y
es
/n
o)  

At  
le
as
t  
on
e  
as
th
m
a  
ex
ac
er
ba
tio
n

re
co
rd
ed  
w
ith
in  
90  

da
ys  
fro
m  
th
ei
r

st
ud
y  
st
ar
t

O
R
=  
1.
06  

a
(1
.0
4–
1.
09
)

Re
nz
i-  

Lo
m
ho
lt  

et  
al
.  

(2
02
4)  
37

De
nm

ar
k  

29
,8
51  

ch
ild
re
n  

Co
ho
rt  

4  
m
ar
ke
rs  
of  
pa
re
nt
al  

so
cio
-e
co
no
m
ic  
po
sit
io
n  

(w
or
kf
or
ce  
at
ta
ch
m
en
t,  

fa
m
ily  
di
sp
os
ab
le  
in
co
m
e,  

fa
m
ily  
hi
gh
es
t  
le
ve
l  o
f  

at
ta
in
ed  

ed
uc
at
io
n  
an
d  

m
et
ro
po
lit
an  

re
sid
en
ce
)

Un
co
nt
ro
lle
d,  

ex
ac
er
ba
tin
g,  
an
d  
se
ve
re  

as
th
m
a  

Bi
na
ry  

(y
es
/n
o)  

Re
de
m
pt
io
n  
of  
at  
le
as
t  
18
7.
5  
m
g

of  
pr
ed
ni
so
lo
ne
,  s
ev
er
e  
as  
as
th
m
a

re
la
te
d  
(IC
D-
10  

co
de
s  
J4
5,  
J4
6,  
J9
6,

J9
60  

or  
J9
69
)  
ho
sp
ita
lis
at
io
n  
an
d

ne
ar
-f
at
al  
as  
in
te
ns
iv
e  
ca
re

ad
m
iss
io
n  
w
ith  

th
e  
IC
D-
10  

co
de
s

O
R
=
0.
68

a
(0
.5
8–
0.
79
)

Kh
al
af  
et  
al
.  

(2
02
4)  
53

En
gl
an
d,

UK  

11
9,
61
1
ch
ild
re
n

Co
ho
rt

En
gl
ish

IM
D

As
th
m
a
ex
ac
er
ba
tio
n

(g
en
er
al  
pr
ac
tit
io
ne
r  (
GP
)-  

m
an
ag
ed  

(s
ho
rt  
co
ur
se  
of  

or
al  
co
rt
ico
st
er
oi
ds  
(O
CS
))  

or  
ho
sp
ita
l-m

an
ag
ed  
(A
&E  

vi
sit  
or  
ho
sp
ita
l  a
dm

iss
io
n  

fo
r  
as
th
m
a)
)  

Ev
en
t  
tim

e  
Ge
ne
ra
l  p
ra
ct
iti
on
er  
(G
P)
-m
an
ag
ed  

(s
ho
rt  
co
ur
se  
of  
or
al  
co
rt
ico
st
er
oi
ds  

(O
CS
))  
or  
ho
sp
ita
l-m

an
ag
ed  

(A
&E  

vi
sit  

or  
ho
sp
ita
l  a
dm

iss
io
n  
fo
r  

as
th
m
a,  
us
in
g  
In
te
rn
at
io
na
l  

Cl
as
sifi
ca
tio
n  
of  
Di
se
as
e  
(IC
D)
-1
0  

co
de
s  
J4
5  
an
d  
J4
6

•  
Ag
e  
5–
11
.9  
ye
ar
s:

H
R  
=  
1.
20  

a
(1
.2
0–
1.
30
)

•  
Ag
e  
12
–1
5.
9  
ye
ar
s:

H
R  
=  
1.
40  

a
(1
.2
0–
1.
50
)

•  
Ad
ol
es
ce
nt
s:  
H
R  
=  
1.
30

a

(1
.2
0–
1.
50
)

Si
m
m
s-  

W
ill
ia
m
s  

et  
al
.  

(2
02
4)  
58

UK  
1,
38
5,
32
6  
ch
ild
re
n

an
d  
ad
ul
ts  

Co
ho
rt

IM
D

As
th
m
a-
re
la
te
d
ho
sp
ita
l

an
d  
in
te
ns
iv
e  
ca
re  
un
it  

(IC
U)  

ad
m
iss
io
ns  

Co
un
t  

H
os
pi
ta
l  a
dm

iss
io
ns  
w
ith  

as
so
cia
te
d  
IC
D-
10  

as
th
m
a  

di
ag
no
sis  

co
de
s  
J4
5  
an
d  
J4
6  
as  
th
e  

pr
im
ar
y  
di
ag
no
st
ic  
co
de  

fo
r  
th
e  

ad
m
iss
io
n  

As
th
m
a-
re
la
te
d  
ho
sp
ita
l

ad
m
iss
io
ns
:

•  
5–
11  

ye
ar
s:  
IR
R  
=  
1.
51

a

(1
.3
0–
1.
75
)

•  
2–
17  

ye
ar
s:  
IR
R  
=  
1.
52  

a

(1
.2
2–
3.
34
)  

•  
8+  

ye
ar
s:  
IR
R  
=  
1.
43  

a  

(1
.3
3–
1.
54
)  

As
th
m
a-
re
la
te
d  
IC
U  

ad
m
iss
io
ns
:  

•  
5–
11  

ye
ar
s:  
IR
R  
=  
1.
98  

a  

(1
.0
3–
3.
79
)  

•  
12
–1
7  
ye
ar
s:  
IR
R  
=  
2.
09  

a  

(0
.8
8–
4.
98
)  a

•  
18
+  
ye
ar
s:  
IR
R  
=  
1.
35  

a  

(0
.9
6–
1.
89
)

Ak
in
ye
m
i

et  
al
.  

(2
02
4)  
6
0

US
A

1,
66
5,
51
6
ad
ul
ts

Re
tr
os
pe
ct
iv
e

cr
os
s-  

se
ct
io
na
l  

st
ud
y  

Di
st
re
ss
ed  

Co
m
m
un
iti
es  

In
de
x  
(D
CI
)  

As
th
m
a-
re
la
te
d  
ED  

vi
sit
s  

Bi
na
ry  

(y
es
/n
o)  

Th
e  
oc
cu
rre
nc
e  
of  
as
th
m
a-
re
la
te
d  

ED  
vi
sit
s  
ba
se
d  
on  

di
ag
no
st
ic  
co
de
s

an
d  
re
co
rd
s  
in
di
ca
tin
g  
as
th
m
a-

re
la
te
d  
co
m
pl
ai
nt
s  
an
d  
tr
ea
tm
en
t

O
R  
=  
1.
65  

a
(1
.6
2–
1.
69
)

Ga
ie
tt
o  

et  
al
.  

(2
02
4)  
6
5

Pu
er
to  

Ri
co  
(U
SA
)  

20
9  
‘y
ou
th
s’  
(6
–1
4  

an
d  
9–
20
)  

Cr
os
s-  

se
ct
io
na
l  a
nd  

lo
ng
itu
di
na
l  

st
ud
y  

Lo
w  
an
nu
al  
ho
us
eh
ol
d  

in
co
m
e  
(<
$1
5,
00
0  
pe
r  

ye
ar
)  

Re
cu
rre
nt  
se
ve
re  
as
th
m
a  

ex
ac
er
ba
tio
n  
ba
se
d  
on  

as
th
m
a-
re
la
te
d  
ED  

vi
sit
s  

an
d  
ho
sp
ita
lis
at
io
n

Bi
na
ry  

(y
es
/n
o)  

Vi
sit  
to  
th
e  
em

er
ge
nc
y  
de
pa
rt
m
en
t  

(E
D)  
or  
ur
ge
nt  
ca
re  
fo
r  a
st
hm

a  
or  
a

ho
sp
ita
liz
at
io
n  
fo
r  
as
th
m
a

O
R  
=  
12
.2
5  a  
(2
.5
9–
57
.9
7)

(T
ab
le  
1  
co
nt
in
ue
s  
on  

ne
xt  
pa
ge
)

Articles

8 www.thelancet.com Vol 56 September, 2025

http://www.thelancet.com


St
ud
y  

Co
un
tr
y  

Po
pu
la
ti
on  

St
ud
y  
ty
pe  

M
ai
n  
ex
po
su
re
(s
)  

M
ai
n  
ou
tc
om

e(
s)  

Va
ria
bl
e(
s)  

De
fin

it
io
n(
s)  
or  

m
ea
su
re
m
en
t(
s)  

M
ai
n  
fin

di
ng
sa
(9
5%  

CI
)

(C
on
tin
ue
d  
fro
m  
pr
ev
io
us  
pa
ge
)

Sc
ot
t  
et  
al
.  

(2
02
4)  
6
1

US
A  

21
1  
in
di
vi
du
al
s  

Co
m
m
un
ity
-  

ba
se
d,  
cr
os
s-  

se
ct
io
na
l  

st
ud
y  

Pe
rc
ei
ve
d  
fin
an
cia
l  s
ta
tu
s,  

in
co
m
e  
an
d  
oc
cu
pa
tio
n  

Ex
ac
er
ba
tio
n-
ba
se
d  
(u
n)  

co
nt
ro
lle
d  
as
th
m
a:  

Un
co
nt
ro
lle
d  
as
th
m
a:  
≥
2  

as
th
m
a  
ex
ac
er
ba
tio
ns  
in  

th
e  
pa
st  
ye
ar  

Co
nt
ro
lle
d  
as
th
m
a:  
≤
1  
or  

no  
ex
ac
er
ba
tio
ns  

Bi
na
ry  

(y
es
/n
o)  

Pa
tie
nt  
an
sw
er
ed  

“y
es
”  
to  

qu
es
tio
n  
1:  

1.  
Du
rin
g  
th
e  
pa
st  
12  

m
on
th
s,  

ha
ve  

yo
u  
ha
d  
an  

ep
iso
de  

of
as
th
m
a  
or  
an  

as
th
m
a  
at
ta
ck
?”

An
d  
re
po
rt
ed  

≥
2/
ye
ar  
to

qu
es
tio
n  
2:  

2.  
“D
ur
in
g  
th
e  
pa
st  
12  

m
on
th
s,  

ho
w  
m
an
y  
as
th
m
a  
ep
iso
de
s  
or  

at
ta
ck
s  
ha
ve  

yo
u  
ha
d?
”

O
cc
up
at
io
n:

•  
O
R  
=  
0.
69  

a
(0
.2
3–
2.
05
)

Pe
rc
ei
ve
d  
fin
an
cia
l  s
ta
tu
s:

•  
O
R  
=  
0.
81  

a
(0
.2
7–
2.
50
)

Kh
al
id  
et  
al
.  

(2
02
4)  
6
2

US
A  

42
3,
14
0  
ad
ul
t  a
st
hm

a  
ad
m
iss
io
ns  

Re
tr
os
pe
ct
iv
e  

ob
se
rv
at
io
na
l  

st
ud
y

N
at
io
na
l  q
ua
rt
ile  
fo
r  

ho
us
eh
ol
d  
in
co
m
e  

In
-h
os
pi
ta
l  m

or
ta
lit
y  
(p
er  

ad
m
iss
io
n)  

Co
un
t  

N
um

be
r  
of  
de
at
hs  
in  
ho
sp
ita
l  p
er  

as
th
m
a  
ad
m
iss
io
n

O
R  
=  
0.
77  

a  
(0
.5
1–
1.
15
)

Sk
ee
n  
et  
al
.  

(2
02
4)  
6
6

US
A  

19
3  
ch
ild
re
n  

Cr
os
s-  

se
ct
io
na
l  

st
ud
y  

Ch
ild  

O
pp
or
tu
ni
ty  

In
de
x  
(C
O
I)  
2.
0  

Ex
ac
er
ba
tio
n-
pr
on
e  

as
th
m
a  

Bi
na
ry  

(y
es
/n
o)  

An  
as
th
m
a-
re
la
te
d  
ev
en
t  
re
qu
iri
ng  

an  
un
sc
he
du
le
d  
vi
sit  

to  
an  

em
er
ge
nc
y  
de
pa
rt
m
en
t  
or  
ur
ge
nt  

ca
re  
fa
cil
ity
,  o
ve
rn
ig
ht  

ho
sp
ita
liz
at
io
n,  
an
d/
or  
co
ur
se  
of  

or
al  
or  
in
je
ct
ab
le  
co
rt
ico
st
er
oi
ds

CO
I  o
ve
ra
ll:

•  
O
R  
=  
1.
19  

a
(0
.9
2–
1.
54
)

H
ou
se
ho
ld  
in
co
m
e  
($
50
00

in
cr
em

en
ts
):

•  
O
R  
=  
1.
00  

a
(0
.8
9–
1.
12
)

Xu  
et  
al
.  

(2
02
4)  
6
4

US
A  

19
8,
87
3  
ad
ul
ts  

Re
tr
os
pe
ct
iv
e  

co
ho
rt  
st
ud
y  

N
ei
gh
bo
rh
oo
d  

De
pr
iv
at
io
n  
In
de
x  
(N
DI
)  

Ac
ut
e  
as
th
m
a  

ex
ac
er
ba
tio
n  
(A
AE
)  
an
d  

as
th
m
a-
re
la
te
d  

em
er
ge
nc
y  
de
pa
rt
m
en
t  

an
d  
ur
ge
nt  
ca
re  
(E
D/
UC
)  

vi
sit
s  
in  
ad
ul
ts  
w
ith  

m
ild  

as
th
m
a.  

Co
un
t  

1.  
A  
ho
sp
ita
liz
at
io
n,  
ED  

vi
sit
,  o
r  

ho
sp
ita
l-b
as
ed  

ob
se
rv
at
io
n  

w
ith
:  

•  
A  
pr
in
cip
al  
di
sc
ha
rg
e  

di
ag
no
sis  

of  
as
th
m
a  
or

w
he
ez
in
g  
O
R

•  
Sp
ec
ifi
c  
re
sp
ira
to
ry

co
nd
iti
on
s  
be
in
g  
th
e  

pr
in
cip
al  
or  
pr
im
ar
y  

di
ag
no
sis
,  a
nd  

w
ith  

ei
th
er  

ex
ac
er
ba
tio
n  
or  
st
at
us  

as
th
m
at
icu
s  
be
in
g  
th
e  

se
co
nd
ar
y  
di
ag
no
sis  

2.  
A  
sy
st
em

ic  
co
rt
ico
st
er
oi
d  

ad
m
in
ist
ra
tio
n  
in  
w
hi
ch  
as
th
m
a  

w
as  
th
e  
pr
in
cip
al  
or  
pr
im
ar
y  

en
co
un
te
r  d
ia
gn
os
is  
co
de  
or  
w
as  

as
so
cia
te
d  
w
ith  

th
e  
sy
st
em

ic  
co
rt
ico
st
er
oi
d  
or
de
r

Ac
ut
e  
as
th
m
a  
ex
ac
er
ba
tio
n:

•  
RR  

=  
1.
27  

a
(1
.2
0–
1.
35
)

As
th
m
a-
re
la
te
d  
ED  

vi
sit
s:

•  
RR  

=  
1.
75  

a
(1
.6
2–
1.
88
)

M
ill
er  
et  
al
.  

(2
02
5)  
6
3

US
A  

(in
clu
di
ng  

Pu
er
to  

Ri
co
)  

15
,8
77  

ch
ild
re
n  

Co
ho
rt  
st
ud
y  

Ch
ild  

O
pp
or
tu
ni
ty  

In
de
x  
(C
O
I)  

As
th
m
a  
w
ith  

Re
cu
rre
nt  

Ex
ac
er
ba
tio
ns  

Co
un
t  

At  
le
as
t  
tw
o  
re
po
rt
s  
of  
sy
st
em

ic  
co
rt
ico
st
er
oi
d  
us
e  
at  
an
y  
tim

e  
du
rin
g  
th
e  
en
tir
e  
fo
llo
w
-u
p  
pe
rio
d  

w
ith  

ea
ch  

co
ns
id
er
ed  

an  
ex
ac
er
ba
tio
n  
ev
en
t  
if  
se
pa
ra
te
d  
by  

a  
m
in
im
um  

of  
30  

da
ys

O
ve
ra
ll  
CO
I:

•  
IR
R  
=  
1.
26  

a
(0
.9
9–
1.
59
)

So
cia
l  a
nd  

ec
on
om

ic
do
m
ai
n  
ca
te
go
rie
s  
of  
CO
I:

•  
IR
R  
=  
1.
22  

a
(0
.9
7–
1.
53
)

O
R  
=  
od
ds  
ra
tio
.  H
R  
=  
ha
za
rd  
ra
tio
.  I
RR  

=  
in
cid
en
ce  
ra
te  
ra
tio
.  R
R  
=  
ris
k  
ra
tio
.  β  

=  
re
gr
es
sio
n  
co
ef
fic
ie
nt
.  a  
Ad
ju
st
ed
.

Ta
bl
e  
1:  
St
ud
y  
ch
ar
ac
te
ris
ti
cs  

of  
th
e  
in
cl
ud
ed  

st
ud
ie
s.

Articles

www.thelancet.com Vol 56 September, 2025 9

http://www.thelancet.com


(n = 13; 43%), such as IMD, WIMD, Neighborhood 
Deprivation Index (NDI), Distressed Communities 
Index (DCI), Institut national de santé publique du 
Québec (INSPQ) Deprivation Index and Ontario Mar- 
ginalization Index (ON-Marg). The remaining two 
studies measured poverty 35 or perceived financial sta- 
tus. 61 One study assessed the relationship between SES 
and asthma-related emergency department (ED) visits. 67 

In addition to income, three studies (10%) measured 
employment per se as an exposure and were included 
in the narrative synthesis. 35,47,61 

The sample size varied between 193 and 1,665,516 
patients. 60,66 The percentage of females in the studies 
ranged from 37% to 83.9%. 35,54 The mean and median 
age were commonly reported, with similar highest 
ages: 52.1 years (mean) 51 and 53 years (median). 59 Of 
the studies that measured ethnicity, white was the 
largest ethnic group, reaching as high as 97.5%. 51 

Studies that reported the BMI categories had most 
participants in the normal range. 42,45,46,53,58 However, 
studies reporting the average BMI were between 
overweight and obese BMI, ranging from 27.8 to 
32.3. 40,51 Most patients were non- or never-
smokers. 35,45,48,51,58,64

19 studies (63%) investigated the association 
between income as a proxy for SES, deprivation or
poverty, and exacerbations. 35,37,40,44–46,48,49,51,53–56,59,61,63–66

Generally, studies defined exacerbations by ED visits/ 
hospitalisations or oral corticosteroids (OCS)/hospital- 
isations, though some studies used both. 53,64,66 Multiple 
studies defined exacerbations by prescription only: 
acute OCS, 35 systemic corticosteroid, 63 and OCS or 
lower respiratory infection requiring antibiotics. 51 Three 
studies included the following definitions: failure to 
meet treatment criteria of levalbuterol or systemic cor- 
ticosteroid and diagnostic tests, 40 medical contact and 
death, 45 and intensive care admissions and pre-
dnisolone. 37 Eight (%) included physician-defined 
exacerbations, 37,46,49,51,54,56,59,63,66 and six studies (%) relied
on self-reported exacerbations. 35,40,45,48,55,61 One study 
specified physician-defined and hospital-managed 
exacerbations. 53 One study identified risk factors asso- 
ciated with recurrent severe asthma exacerbations from 
two visits, by exploring the possible permutations to see 
whether both the risk factor and outcome changed or 
‘persisted’ in both visits. 65 Depending on the study 
methods, exacerbations were mainly measured as a 
binary outcome (yes/no) and reported ORs. Other 
studies reported exponentiated Poisson coefficients and 
rate ratios for the exacerbation risk, 44,64 HRs for time to 
exacerbation, 53,56 and IRRs for childhood asthma with 
recurrent exacerbations. 63 

Five studies (23%) investigated the impact of SES on 
the number of hospital admissions. 43,50,52,57,58 General and 
specific definitions were applied. Alsallakh et al. 50 inclu- 
ded asthma admissions per se to distinguish them from 
emergency admissions, which were defined as “coming

via A&E departments, urgent referrals from GPs, con- 
sultant clinics, bed bureaus, or NHS Direct”. Similarly, 
Simms-Williams et al. 58 had asthma admissions as a 
primary outcome and asthma-related ICU admissions as 
a secondary outcome. Disano et al. 43 and Gupta et al. 57 

provided a general definition of hospital admissions, 
while Mukherjee et al. 52 focussed on the number of 
paediatric intensive care unit (PICU) admissions. Three 
of the five studies reported age-standardised rates. 43,52,57 

Five studies (23%) examined the association 
between SES and asthma mortality. 41,50,52,57,62 Three 
studies used ICD-9 41 and ICD-10 codes 50,57 to identify 
asthma as the underlying cause of death. To et al. 41 

further established asthma as a secondary cause, 
defined as asthma-contributing mortality, and Alsallakh 
et al. 50 also included deaths with any mention of asthma 
in the definition of mortality. Mukherjee et al. 52 based 
mortality in PICU on a prediction score from a model 
known as the Paediatric Index of Mortality version 2 
(PIM2). While assessing seasonal variations and dif- 
ferential outcomes in adult admissions for asthma, 
Khalid et al. 62 reported the association between income 
and in-hospital mortality using the US National Inpa- 
tient Sample database. 

Four studies (13%) had more than one exposure and/ 
or outcome, thus reporting multiple associations. 50,52,57,64 

Further information on the study covariates and out- 
comes, including effect sizes and measures, is provided 
in Supplementary material Table S6a–d. 

Most of the studies were assessed using the 
ROBINS-E tool (n = 19; 63%). Four studies (13%) 
were deemed at high risk of bias due to confounding 
(not adjusting for confounding or persistent residual 
confounding) and selection bias (Table 2). Most 
studies had a low risk of bias, with uncontrolled or 
residual confounding as the most common bias. Most 
studies adjusted for at least two of the three pre- 
specified confounders (age, sex/gender or ethnicity), 
with seven (%) adjusting for all. 35,49,54,58–60,62,66 Gaietto 
et al. 65 was assessed using the ROBINS-E tool given 
the outcome of interest, i.e., the association between a 
‘persistent’ risk factor (income) and ‘persistent’ 
recurrent severe asthma exacerbations with persistent 
defined as having a risk factor and outcome in both 
visits 1 and visits 2, was reported in the longitudinal 
model. 

Ten of the 19 studies were eligible for a meta- 
analysis, with half contributing to each population 
group (Table 3). Seven studies reported ORs, two 
reported HRs, and one reported β coefficients. The 
remaining studies had results that were not comparable 
in terms of age, 53,65,66 exposure, 61 effect measure, 40,44,63,64 

and lack of covariate adjustment. 45 

The lowest income group were more likely to be 
hospitalised or (re)admitted due to an exacerbation than 
the highest income group, albeit with substantial het- 
erogeneity between studies (OR 1.25 [95% CI
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1.13–1.37]; I 2 = 75.6%) (Fig. 2). We reject the homoge- 
neity test of study-specific effect sizes (p < 0.001). 
Therefore, we can infer significant heterogeneity 
between the individual studies. The significance test

(p < 0.001) suggested that the overall effect size is 
statistically significantly different from zero. 

The subgroup analysis showed no difference in the 
association between children (1.36 [1.23–1.50];

Study Risk of Bias tool Risk Bias

Disano et al. (2010) 43 RoB (adapted) High Did not adjust for confounding
Law et al. (2011) 55 RoB (adapted) Low Missingness and recall bias from survey data
Ungar et al. (2011) 44 ROBINS-E Moderate Uncontrolled or residual confounding and reporting bias
Auger et al. (2013) 56 ROBINS-E Low Uncontrolled or residual confounding
To et al. (2014) 41 ROBINS-E Low Uncontrolled or residual confounding
Zhang et al. (2017) 42 ROBINS-E High Uncontrolled or residual confounding
Cardet et al. (2018) 40 RoB 2 Low N/A
Grunwell et al. (2018) 46 ROBINS-E Low Uncontrolled or residual confounding
Mazalovic et al. (2018) 45 ROBINS-E High Did not adjust for confounding
Gupta et al. (2018) 57 RoB (adapted) Low Uncontrolled or residual confounding
Seibert et al. (2019) 48 ROBINS-E Low Uncontrolled or residual confounding
Molina et al. (2019) 54 RoB (adapted) Low Selection bias
Eum et al. (2019) 47 RoB (adapted) Low Uncontrolled or residual confounding
Brite et al. (2020) 67 ROBINS-E Low Uncontrolled or residual confounding
Alsallakh et al. (2021) 50 ROBINS-E Low Uncontrolled or residual confounding
Jroundi & Tse (2021) 49 ROBINS-E Low Uncontrolled or residual confounding
Busby et al. (2021) 51 ROBINS-E Low Uncontrolled or residual confounding and regression dilution
Mukherjee et al. (2022) 52 RoB (adapted) Low Uncontrolled or residual confounding
Cardet et al. (2022) 35 RoB (adapted) Moderate Selection bias and missingness
Kallis et al. (2023) 59 ROBINS-E Low Uncontrolled or residual confounding
Renzi-Lomholt et al. (2024) 37 ROBINS-E Low Uncontrolled or residual confounding
Khalaf et al. (2024) 53 ROBINS-E Moderate Uncontrolled or residual confounding and missingness
Simms-Willliams et al. (2024) 58 ROBINS-E Low Uncontrolled or residual confounding
Akinyemi et al. (2024) 60 RoB (adapted) Moderate Uncontrolled or residual confounding and reporting bias
Gaietto et al. (2024) 65 ROBINS-E Low Selection bias
Scott et al. (2024) 61 RoB (adapted) High Selection bias and other bias (internal validity concerns)
Khalid et al. (2024) 62 ROBINS-E Low Uncontrolled or residual confounding
Skeen et al. (2024) 66 RoB (adapted) Low Uncontrolled or residual confounding
Xu et al. (2024) 64 ROBINS-E Low Uncontrolled or residual confounding
Miller et al. (2025) 63 ROBINS-E Moderate Uncontrolled or residual confounding and selection or temporal bias

Table 2: Summary of risk of bias in eligible studies.

Study n/N Original estimate (95% CI) Population group Final/transformed estimate (95% CI)

Law et al. (2011) 55 2367/238,678 OR = 1.32 (1.03–1.68) Adults OR = 1.32 (1.03–1.68)
Auger et al. (2013) 56 135/601 HR = 1.82 (0.78–4.23) Children OR = 1.92 (0.77–5.24)
Grunwell et al. (2018) 46 170/579 OR = 1.28 (1.02–1.61) Children OR = 1.28 (1.02–1.61)
Seibert et al. (2019) 48 N/A OR = 0.94 (0.82–1.08) Adults OR = 1.06 (0.93–1.22)
Molina et al. (2020) 54 149/664 OR = 1.09 (0.73–1.63) Children OR = 1.09 (0.73–1.63)
Busby et al. (2021) 51 5732/127,040 OR = 1.27 (1.13–1.42) Adults OR = 1.27 (1.13–1.42)
Jroundi & Tse (2021) 49 9377/66,835 HR = 1.33 (1.15–1.53) Children OR = 1.37 (1.17–1.61)
Cardet et al. (2022) 35 596/990 β = 0.24 (0.11–0.38) Adults OR = 1.47 (1.19–1.84)
Kallis et al. (2023) 59 93,625/805,138 OR = 1.06 (1.04–1.09) Adults OR = 1.06 (1.04–1.09)
Renzi-Lomholt et al. (2024) 37 2353/29,851 OR = 0.68 (0.58–0.79) Children OR = 1.47 (1.27–1.72)

The odds ratios presented in the final or transformed estimates originate from binary (yes/no) variables (8 studies) or event time variables (2 studies). Binary (yes/no) 
variables reported odds ratios (7 studies) and regression coefficients (1 study). Event time variables reported hazard ratios (2 studies). OR = odds ratio. HR = hazard ratio. 
β = regression coefficient. n = number of exacerbations. N = number of patients.

Table 3: Studies included for meta-analysis with the absolute, original and final/transformed estimates.
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I2 = 0.0%) and adults (1.19 [1.05–1.33]; I2 = 75.1%) 
(Fig. 3). With the potential impact of heterogeneity 
greater in adults than in children, we can infer that 
studies with adults correspond to most of the varia- 
bility of the effect sizes. The test of group differences 
indicated no statistically significant subgroup effect 
(p = 0.076), meaning that the population group does 
not modify the effect of income on exacerbation. 

Two studies investigated the association between 
employment and EC attendance or ED utilisation, using 
unemployment as an indicator or component of 
SES. 35,47 The first study examined the pathways and 
identified mediating factors in African American/Black 
and Hispanic/Latinx adults with moderate to severe 
asthma. 35 Unemployment showed stress-mediated 
indirect associations with increased healthcare uti- 
lisation. Those living in poverty, who were more likely 
to be unemployed (73.7% vs. 40.8%; p < 0.001), expe- 
rienced higher rates of asthma hospitalisations (23.6% 
vs. 14.0%; p < 0.001). Notably, unemployment was the 
only SES measure showing stress-mediated indirect

associations with emergency room/urgent care visits 
(β 0.03 [95% CI 0.01–0.06]). 

The second study was a cross-sectional study on a 
paediatric asthma cohort in New York. 47 Children living 
in areas where regional economic development projects 
were completed during the study period (2011–2015) 
had lower ED utilisation. The unemployment rate was 
used as an indicator for the latent SES variable in a 
spatial regression analysis to account for geographic 
variation and local economic conditions. While there 
was a significant decrease in ED utilisation in areas 
where economic development projects were completed 
(β difference-in-differences -1.526 [SE = 0.686]), this was not 
directly linked to changes in unemployment rates. The 
relative risk for unemployment was not statistically 
significant in 2011 (RR -0.01 [95% CI −0.04–0.03]) and 
2015 (−0.01 [−0.04–0.03]), suggesting no evidence of an 
association between unemployment and asthma-related 
ED utilisation. However, other SES indicators, namely 
median household income and health insurance cov- 
erage, were key socioeconomic predictors of children’s

Fig. 2: Forest plot of the association between income and exacerbations. Odds ratios are presented with 95% confidence intervals. The 
odds ratios presented in the original studies originate from binary (yes/no) variables (8 studies) or event time variables (2 studies). The red 
vertical line is the average effect estimate. The black vertical line shows no effect. OR = odds ratio. n = number of exacerbations. N = number 
of patients.
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asthma-related ED utilisation. While unemployment 
was significantly associated with asthma-related EC 
utilisation in adult populations, mainly through stress- 
mediated pathways, its association with paediatric 
asthma outcomes is less clear compared with other 
indicators. 

One study examined whether employment was 
associated with uncontrolled asthma based on having 
two or more exacerbations in the previous year. 61 Based 
in rural Appalachia, Kentucky, this cross-sectional study 
measured employment using employment status. 
While employment appeared to impact whether an 
individual reported having asthma, it was not a stat- 
istically significant predictor of uncontrolled asthma 
after controlling for age, sex, perceived financial status, 
and accommodation (OR 0.69 [0.23–2.05]). Given the

broad categorisation, where unemployment was in the 
same group as part-time employment, full-time stu- 
dents and retired, it is hard to determine the role of 
unemployment in predicting exacerbation-based 
uncontrolled asthma.

Discussion
Overall, we found a clear association between lower 
income and exacerbations in both children and adults. 
We were unable to assess statistically the association 
between unemployment and asthma outcomes; instead, 
we narratively synthesised the role of unemployment. 
Despite the limited evidence, narratively, we found that 
unemployment was associated with ED visits. However, 
the association between unemployment and uncon- 
trolled asthma based on exacerbations was unclear.

Fig. 3: Forest plot of the association between income and exacerbations by population group (children and adults). Odds ratios are 
presented with 95% confidence intervals. The odds ratios presented in the original studies originate from binary (yes/no) variables (8 studies) 
or event time variables (2 studies). The red vertical line is the average effect estimate. The black vertical line shows no effect. OR = odds ratio. 
n = number of exacerbations. N = number of patients.
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The narrative synthesis indicated a stress-mediated 
indirect association between unemployment and 
asthma-related healthcare utilisation. This suggests that 
the psychological burden of unemployment may 
exacerbate asthma symptoms and hinder effective self- 
management. Evidence indicates that sustained phys- 
iological stress intensifies the immune response, such 
as hypothalamic-pituitary-adrenocortical activation. 68–71 

This leads to a decrease in β 2 adrenergic and gluco- 
corticoid receptors, which reduces the responsiveness 
to asthma medication and, in turn, increases the risk of 
exacerbation. 70,72 Employment provides financial stabil- 
ity and benefits, such as employer health insurance and 
sick leave, that can facilitate disease management. 73 

Without these privileges, the unemployed are likely to 
delay or forgo health care-seeking behaviours and 
present themselves in ED with more severe out- 
comes. 7,74 However, this is limited to adults as unem- 
ployment is not a strong predictor of paediatric asthma 
outcomes compared with other SES indicators. 

The wider literature on income and asthma corrob- 
orates our findings. Low-income households are 
strongly associated with limited access to essential 
resources and amenities, including nutritious food and 
healthcare services, that increase their risk of asthma 
exacerbations. 75–77 They are more likely to live in sub- 
sidised or social housing, which is often too small and 
of poor quality, beset with overcrowding and dis- 
proportionate levels of indoor and outdoor pollution. 78 

Maintaining and repairing these homes is expensive, 
thus increasing their exposure to damp, mould, pests, 
and second-hand smoke. Unsurprisingly, subsidised 
housing is associated with experiencing asthma attacks 
in the previous year. 79 Children are at greater risk due to 
their limited immune response to microbial exposure 
and more so in urban areas whose greater residential 
density increases the concentration of these agents. 80,81 

Also, children with asthma living in these settings are 
at greater odds of an ED visit than children residing 
with homeowning parents. 82 As a result, asthma 
patients on low incomes are denied the structural 
means to ameliorate their condition. They may also 
struggle to afford medication. 

Pooled estimates from six high-income countries 
indicated that lower household income in early child- 
hood was associated with the risk of developing poorer 
asthma-related outcomes. 83 A study investigating the 
association between socioeconomic position (SEP), an 
indicator of SES, 84,85 and asthma in a historical cohort of 
male university students found an association between 
low SEP in early life and asthma. 86 However, there is no 
association between adult SEP and adult-onset asthma. 
Using a different measure of SES, such as IMD, would 
possibly yield different results. Notwithstanding the 
smaller magnitude, our findings align with previous 
systematic reviews and meta-analyses on socio- 
economic status and asthma outcomes. Lower SEP was

associated with higher rates of asthma-related ED 
attendances. 15 A systematic review identified 31 studies 
where the lowest-income group had between 1.5 and 5 
times the hospitalisation rate for asthma compared with 
the highest-income group. 87 Unlike these reviews, this 
review conducted a subgroup analysis of children and 
adults to explore heterogeneity by population. While 
there was a clear association in both children and 
adults, there was no evidence of a significant difference 
in the magnitudes of effect. 

Other factors, such as medication use and adherence 
(or lack thereof), may relate directly to poor asthma 
outcomes. There is a tendency to overuse short-acting 
β-2 agonists (SABA), which do not address inflamma- 
tion but only offer immediate symptom relief. High 
SABA use is found to be associated with poorer clinical 
outcomes, including exacerbations, 88,89 hospital- 
isations, 90,91 and mortality. 92,93 Evidence illustrates a 
dose–response relationship between SABA inhaler use 
and exacerbation risk, with even mild asthma patients 
experiencing exacerbations, whose risk was further 
elevated with high SABA use. 94–98 Many studies have 
demonstrated the benefits of high adherence to asthma 
controller therapy in reducing the risk of exacerbation 
and death. 99–102 However, the effects of inhaled cortico- 
steroids (ICS) adherence on mainly exacerbations are 
less clear. Studies identified a non-linear, U-shaped 
association between ICS adherence and 
exacerbations. 103–106 In other words, better adherence 
does not always mean better asthma outcomes. Analy- 
sis from England observed that ICS adherence was 
better in Clinical Commissioning Group regions with 
greater socioeconomic deprivation, with these areas 
also having worse asthma outcomes which may relate 
to SES factors specifically. 107 Also, the relationship 
between socioeconomic deprivation and asthma out- 
comes did not appear to be primarily mediated by poor 
adherence to ICS. SABA over-reliance and ICS adher- 
ence could be driven by suboptimal patient knowledge 
about the difference between maintenance and reliever 
medication, the patient’s need for immediate symptom 
relief, concerns about the side effects of steroids, and 
poor communication between patients and physicians 
as well as different prescribing behaviours by physi- 
cians due to perverse incentives. 108 

The main strength of this review was summarising 
the evidence on the effect of income and, though 
limited, employment, the most weighted IMD domains, 
on asthma outcomes. Both the meta-analysis and nar- 
rative synthesis offer a better understanding of the 
association between these domains and asthma out- 
comes. The studies included in this review were pub- 
lished between 2010 and 2025, thus reflecting more 
recent evidence than in previous reviews. 14,15 

However, there are limitations to this review. 60% of 
the included studies were from the US (18 studies) 
compared to seven from the UK, three from Canada
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and only two from the other European countries 
(Denmark and France). There are likely to be different 
constructs to assess SES. On the one hand, some North 
American studies used state 49,65 or federal 40,55,62 income 
thresholds. Other studies included stress, 40 health 
insurance coverage, 47 and race/ethnicity. 67 Depending 
on the population, studies also looked at bespoke dep- 
rivation indices, such as the Child Opportunity Index 
(COI), 63,66 Distressed Communities Index, 60 and 
Neighborhood Deprivation Index. 64 On the other hand, 
UK-based studies predominantly used IMD. 50–53,57–59 Not 
only does this affect the generalisability of findings to 
other Western countries but also many non-Western 
countries where there are greater inequalities. Only 
studies published in English were included for practical 
reasons, potentially introducing a language bias. We 
were unable to search in other language databases and, 
therefore, may have missed potentially useful studies. 

Moreover, there are some limitations to the evi- 
dence. Due to the lack of studies available to conduct a 
meta-analysis, we narratively synthesised the role of 
unemployment on asthma outcomes. However, this 
was limited to only three studies. Likewise, there were 
insufficient studies to quantify the association between 
income and hospital admissions and mortality. The 
studies included in the meta-analysis predominantly 
defined exacerbations by ED visits, hospitalisations 
and/or OCS. The exacerbation rate ranges from <1% to 
29% in the included studies, or <10 exacerbations 
per 1000 patients vs. 290 exacerbations per 1000 
patients. 46,55 Depending on the baseline exacerbation 
rate, the pooled OR estimate of 1.25 could pose an 
uneven burden on EDs. In practice, this could translate 
from as little as 500 more events per 100,000 patients 
per year (1–2 more events per day) to as high as 
7200 per 100,000 patients per year (approximately 
20 more per day), which could overwhelm EDs. Con- 
sidering these findings mainly reflect severe exacer- 
bations, the results are likely skewed, and the burden 
on secondary care will likely be overestimated. None- 
theless, more evidence is required to assess the asso- 
ciations between income and asthma outcomes beyond 
severe exacerbations and between unemployment and 
asthma outcomes. 

The subgroup analysis showed no significant dif- 
ference, with the variation in the definition of exacer- 
bation explained mainly by the heterogeneity in adults. 
Further studies need to address the heterogeneity in 
adults. Also, only one moderator was examined as other 
possible effect-modifying study-related factors were 
subject to reporting differences in sex (by intervention 
or exposure), age (mean, median and frequency) and 
ethnic groups. Therefore, we cannot rule out the impact 
of these moderators on the associations. 

Our findings have research, clinical, and policy 
implications. Since all studies investigated the associa- 
tion at a high-income/employment level, there is scope

to disentangle the mechanisms underpinning these 
inequalities in disadvantaged populations. Not only 
does this indicate a persistent issue that has yet to be 
resolved, but it is also multifaceted. Employment and 
income represent material disadvantages, i.e., limited 
wealth and access to goods and conveniences (Fig. 4). 109 

As living a healthy life is prohibitively expensive, the 
most deprived are more likely to live in substandard 
housing and have poor nutrition. These adverse expo- 
sures may work synergistically against the most 
deprived groups, who are excessively exposed to indoor 
and outdoor air pollution while lacking the protective 
effects of a healthy diet to stimulate an immune 
response. 110,111 This can have pathobiological effects on 
people born into deprivation, who have worse airways 
or who are already born in a pro-inflammatory 
state. 112,113 Evidence indicates that the incidence of 
developing asthma is statistically significantly increased 
when children are exposed early in life. 114 The most 
deprived children were reported to have higher levels of 
airway inflammation and worse lung function. 115 

Meanwhile, these groups are affected by The Inverse 
Care Law: the “availability of good medical care tends to 
vary inversely with the need for it in the population 
served”. 116 Given their precarious working arrangement, 
such as zero-hour contracts, leaving work to access 
appointments is expensive. Not only is there the risk of 
loss of income and employment but also the risk of long- 
term poorer health outcomes from restricted access to 
healthcare. 112 These are likely to have knock-on effects on 
education, health, housing, and the wider environ- 
ment. 117 Improving the material disadvantages can 
improve the “structural (e.g., systemic racism); social (e. 
g., socioeconomic status [SES]); biological (e.g., genetics);

Fig. 4: A matrix illustrating the synergistic effects of material 
disadvantages on poor asthma outcomes.
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and behavioural (e.g., smoking) factors” driving the 
widespread disparities. 118 Addressing the material dis- 
advantages is paramount to improving widespread dis- 
parities, which will require researchers to explore at the 
domain level rather than the aggregate level. 

When developing interventions, clinicians need to 
understand how underlying mechanisms manifest in 
the clinical pathway and affect outcomes. Here, clini- 
cians should consider the co-existing drivers for 
inequality that may have synergistic effects, where the 
Inverse Care Law may manifest in clinical pathways, 
and how the pathobiology of poverty might impact 
clinical outcomes (and what can be done to address 
this). This can support efforts to advance knowledge of 
the interactions between environmental, genetic and 
immunological factors, as well as policies highlighting 
the need for equity in reducing health disparities. 13 

Policymakers could reduce the effects of income and 
unemployment on asthma outcomes by improving 
housing conditions, especially for at-risk populations 
like children, and unemployment-induced stress. 
Despite the housing shortages and the need to build 
new homes, houses should be free from indoor and 
outdoor pollution. Offering a tailored package of 
housing improvements, such as remediation, to low- 
income households should include incentives such as 
shopping vouchers and credit to utility bills. 119 Amid 
welfare reform, including changes to unemployment 
benefits, policymakers should provide further psycho- 
logical resources and career support to facilitate gov- 
ernment efforts to ‘get Britain working again’. Policies 
should embed mental health support in employment 
programmes, offering regular contact and health 
checks (including asthma reviews) until the individual 
finds a job. 120 Should these policies be implemented 
successfully, more people will be working and earning 
an income. Living in a secure and stable environment 
means less disposable income is spent on repairs and 
maintenance. Addressing these widespread disparities 
will improve asthma outcomes and reduce overall 
inequalities in the long term. 

In conclusion, income is an important indicator of 
SES that is associated with severe asthma exacerbations 
in children and adults. In contrast, we were unable to 
determine the role of unemployment in asthma out- 
comes. More evidence is required to assess the associa- 
tions between income and asthma outcomes beyond 
severe exacerbations and unemployment and asthma 
outcomes more generally. Domain-level studies can help 
fully understand the mechanisms underlying these 
associations. Studies also need to investigate further the 
heterogeneity in adults. Interventions addressing the 
material disadvantages can inform and better target 
policies, such as improved housing conditions and 
unemployed-related stress. These will help researchers, 
clinicians, and policymakers get closer to improving 
asthma outcomes and reducing health inequalities.
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