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Abstract  Several studies have demonstrated an asso-
ciation between the risk asthma/allergic rhinitis and the 
environment. However, to date, no systematic review 
or meta-analysis has investigated these factors. We 
conducted a systematic review and meta-analysis to 
assess the association between urban/rural living and 
the risk of asthma and allergic rhinitis. We searched 
the Embase and Medline databases for relevant articles 
and included only cohort studies to observe the effects 
of time-lapse geographical differences. Papers contain-
ing information on rural/urban residence and respira-
tory allergic diseases were eligible for inclusion. We 
calculated the relative risk (RR) and 95% confidence 

interval (CI) using a 2 × 2 contingency table and 
used random effects to pool data. Our database search 
yielded 8388 records, of which 14 studies involving 
50,100,913 participants were finally included. The risk 
of asthma was higher in urban areas compared to rural 
areas (RR, 1.27; 95% CI, 1.12–1.44, p < 0.001), but 
not for the risk of allergic rhinitis (RR, 1.17; 95% CI, 
0.87–1.59, p = 0.30). The risk of asthma in urban areas 
compared to rural areas was higher in the 0–6 years 
and 0–18 years age groups, with RRs of 1.21 (95% CI, 
1.01–1.46, p = 0.04) and 1.35 (95% CI, 1.12–1.63, p 
= 0.002), respectively. However, there was no signifi-
cant difference in the risk of asthma between urban and 
rural areas for children aged 0–2 years, with a RR of 
3.10 (95% CI, 0.44–21.56, p = 0.25). Our study pro-
vides epidemiological evidence for an association 
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between allergic respiratory diseases, especially 
asthma, and urban/rural living. Future research should 
focus on identifying the factors associated with asthma 
in children living in urban areas. The review was regis-
tered in PROSPERO (CRD42021249578).

Keywords  Asthma · Allergic rhinitis · Urban · 
Rural · Meta-analysis · Systematic review

Introduction

Asthma is a long-term inflammatory condition affecting 
the airways which causes repeated occurrences of 
wheezing, difficulty breathing, tightness in the chest, 
and/or coughing mediated by IgE antibodies and Th2 
lymphocytes [1], and allergic rhinitis refers to a condition 
characterized by sneezing, nasal itching, difficulty in 
breathing due to airflow obstruction, and clear nasal 
discharge, resulting from an IgE-mediated response to 
inhaled allergens that triggers inflammation of the nasal 
mucosa [2]. Asthma caused 21.6 million disability-
adjusted life years (DALYs), which accounted for 20% of 
all DALYs resulting from chronic respiratory diseases [3].

Respiratory allergic diseases, such as allergic rhi-
nitis and asthma, are common in industrialized areas 
[4] and have complex pathophysiology [5, 6]. Urbani-
zation, with its associated exposure to risk factors, 
has been linked to an increased risk of asthma [7, 8]. 
The hygiene hypothesis suggests that early exposure 
to infectious agents may provide protection against 
allergic diseases, including asthma [9]. Genetic fac-
tors play a role in asthma incidence [10], but environ-
mental factors such as climate, urban/rural environ-
ment, diet, infant breastfeeding, smoking, pollution, 
obesity, and physical exercise are also important driv-
ers of disease burden [11–17].

Recently, an increase in the incidence of respiratory 
allergic diseases has been reported in urbanized areas 
[8, 18, 19]. A systematic review and meta-analysis 
investigating the link between urbanization and 
increased asthma prevalence was published in 2019 
[20]. Nonetheless, this study had a specific focus on low-
income and middle-income countries, and the majority 
of the included studies were cross-sectional design. 
Therefore, our systematic review and meta-analysis aim 
to investigate the difference in the incidence of asthma 
and allergic rhinitis between urban and rural areas.

Methods

Patient and Public Involvement

Not applicable.

Protocol and Registration

This systematic review was conducted in accordance 
with the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses [21, 22]. The study pro-
tocol was approved by PROSPERO.

Eligibility Criteria

We defined the PICO statement as follows:
Participants: subjects with information on resi-

dence and asthma/allergic rhinitis
Intervention or exposure: residents of urban areas
Comparison: residents in rural areas
Outcome: difference in the incidence of asthma or 

allergic rhinitis
Based on this PICO statement, we conducted a search 

for papers that contain information on rural/urban resi-
dence and respiratory allergic diseases, specifically 
asthma and allergic rhinitis. Respiratory allergic dis-
eases were defined as asthma and allergic rhinitis. Only 
cohort studies were eligible to observe the effects of 
geographical differences over time. In addition to pub-
lished papers, article-in-press type papers were also 
considered. Only studies that clearly described respira-
tory allergic diseases (e.g., asthma, allergic rhinitis), and 
not respiratory symptoms (e.g., rhinitis, wheezing), were 
included. We included the most recent research in the 
studies using the same database.

Information Sources and Search Strategy

On April 19, 2021, we conducted a search for papers 
using the Embase and Medline databases. We first 
considered mesh terms to establish the search strat-
egy, and then we additionally considered text words 
to conduct a more extensive search. The search strat-
egy was as follows: (rural:ab,ti OR agrarian:ab,ti OR 
provinc*:ab,ti OR rusti*:ab,ti OR geography*:ab,ti 
OR urban:ab,ti OR city:ab,ti OR municipal:ab,ti 
OR civil:ab,ti OR metropolitan:ab,ti) AND (respira-
tory tract allergy:ab,ti OR asthma:ab,ti OR bronchial 
hypersensitiv*:ab,ti OR bronchial hyperreacti*:ab,ti 
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OR bronchial spasm:ab,ti OR bronchospasm:ab,ti OR 
bronchoconstrict*:ab,ti OR allergic rhinitis:ab,ti OR 
rhino conjunctivitis:ab,ti OR nasal allergy:ab,ti OR 
nasal hypersensitiv*:ab,ti OR nasal hyperreacti*:ab,ti 
OR hay fever:ab,ti) AND (risk:ab,ti OR ratio:ab,ti OR 
prevalence:ab,ti OR incidence:ab,ti OR outcome:ab,ti 
OR prognosis:ab,ti OR hazard:ab,ti OR odds:ab,ti 
OR morbidity:ab,ti OR cohort:ab,ti). Only papers 
published in English were eligible, and there were no 
restrictions on the publication year. We searched for 
gray literatures on Google and Google Scholar.

Selection Process

The corresponding authors initially extracted records 
in the form of a comma-separated value (CSV) file by 
column. Two reviewers (MS and SH) independently 
screened the titles and abstracts of each study, and 
the full-text articles were reviewed and assessed by 
the same authors. Any disagreements were resolved 
through discussion among the authors.

Data Collection Process and Data Items

Two reviewers (MS and SH) collected the data, which 
were then reviewed by the corresponding authors 
(KK, DL, and YHK). Any discrepancies in the data 
collection were resolved through consultation with 
the authors. Through full-text assessment, the two 
reviewers extracted the following data: title, abstract, 
author name, publication year, study period, region, 
number of participants, age, type of respiratory aller-
gic disease, and classification of urban/rural areas.

Risk of Bias Assessment

The Newcastle-Ottawa scale was used to evaluate the 
risk of bias in cohort studies [23]. This scale consists 
of eight items in three domains: selection, compara-
bility, and outcome. Studies are defined as “good,” 
“fair,” and “poor” quality according to the item 
score. The Newcastle-Ottawa scale is one of the most 
widely used tools for assessing bias risk in observa-
tional studies [24]. It is a widely validated tool that 
allows researchers to evaluate studies across various 
disciplines [24]. Two reviewers (MS and SH) inde-
pendently assessed the risk of bias of the included 

studies, and any disagreements were resolved through 
discussions among all authors.

Effect Measures

The relative risk (RR) was calculated using a 2 
× 2 contingency table. The RR presented in the 
included studies was extracted if the sample number 
could not be extracted. Unadjusted values were pre-
ferred, followed by adjusted values. For meta-anal-
ysis purposes, the hazard ratio (HR) was considered 
equal to an RR [25]. The odds ratio was converted 
to an RR estimate using the method described by 
Zhang and Kai [26].

Data Synthesis

The heterogeneity of the included studies was evalu-
ated using I2 statistics, with values of 25%, 50%, and 
75% representing low, moderate, and high heteroge-
neity, respectively [27]. Since significant heteroge-
neity (>50%) was observed in all of our results, only 
the random effects model was utilized. A Higgins 
method calculation was used whenever an integrated 
value was required in the study [27]. The integrated 
estimate was calculated using the inverse variance 
weighting method [28]. Review Manager 5.4 soft-
ware (Cochrane, London, UK) was used to synthe-
size the results, and the findings were visualized 
using forest plots created in the same software.

Subgroup Analysis

For asthma, subgroup analysis was performed accord-
ing to diagnostic period: 0–2 years group (until tod-
dler), 0–6 years group (until pre-school), and 0–18 years 
group (until adolescent) [29], and regions such as Can-
ada, Europe, Asia, and the USA. For allergic rhinitis, 
subgroup analysis was performed for 0–18 years group 
(until adolescent) by diagnostic period [29].

Publication Bias

A funnel plot was drawn using the STATA 13 soft-
ware (Stata Corporation, TX, USA) to visually assess 
publication bias. Egger’s regression test was used 
to quantitatively evaluate publication bias using the 
STATA 13 software (Stata Corporation, TX, USA).
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Certainty Assessment

Using the GRADE approach, we assessed the qual-
ity of evidence for the primary outcome based on the 
five required domains (study limitation, directness, 
consistency, precision, and reporting bias) and three 
additional domains (dose-response association, plau-
sible confounding factors that would decrease the 
observed effect, and strength of association) [30, 31]. 
Two reviewers (MS and HS) independently evaluated 
the quality of the evidence. Any disagreements were 
resolved via discussions with all authors.

Results

Study Selection

The initial database search resulted in 8388 records. 
Out of these, 3291 animal studies or non-article 
papers were excluded, leaving 5097 records for 
screening. Among these, 4805 papers were excluded 
based on their titles and abstracts, and 292 were 
selected for a more detailed evaluation. Upon further 
evaluation, 273 papers were deemed unsuitable for 

analysis due to reasons such as having a case-control 
or cross-sectional design, being review articles, being 
non-English articles, or having an unavailability of 
full-text. After re-evaluating the 19 remaining papers, 
five papers were not eligible for inclusion because of 
duplicated cohort sources and unclear definitions of 
respiratory allergic diseases. Finally, 14 studies were 
included in the meta-analysis, as shown in Fig. 1.

General Characteristics of the Included Studies

The characteristics of the included studies are sum-
marized in Table  1. All included papers had cohort 
designs, and 50,100,913 participants from 10 coun-
tries were included in the analysis. Fourteen studies 
that were published between 2003 and 2020 have 
been analyzed. Two of these studies were conducted 
in the USA, four in Canada, four in Europe, and three 
in Asia. Thirteen of the studies were included in the 
asthma meta-analysis, and four were included in the 
allergic rhinitis meta-analysis. Most of the included 
studies focused on individuals younger than 20 years 
of age. The definition of urban/rural varied between 
the studies. The diagnosis of the diseases was estab-
lished using questionnaires or national databases.

Fig. 1   Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram for inclusion studies



482	 M. Song et al.

1 3
Vol:. (1234567890)

Ta
bl

e 
1  

C
ha

ra
ct

er
ist

ic
s o

f t
he

 in
cl

ud
ed

 st
ud

ie
s

A
ut

ho
r, 

ye
ar

Re
gi

on
St

ud
y 

pe
rio

d
N

um
be

r o
f s

am
pl

es
A

ge
Ty

pe
 o

f 
re

sp
ira

to
ry

 
al

le
rg

y

U
rb

an
/ru

ra
l c

la
s-

si
fic

at
io

n
D

efi
ni

tio
n 

of
 d

is
ea

se
A

dj
us

te
d 

va
ria

bl
es

Q
ua

lit
y 

as
se

ss
m

en
t

A
km

at
ov

 M
.K

., 
20

20
 [8

]
G

er
m

an
y

20
09

–2
01

6
U

rb
an

: 3
2,

40
0,

37
2

Ru
ra

l: 
14

,0
28

,0
47

A
ll 

ag
es

A
st

hm
a

U
rb

an
: G

er
m

an
y’

s 
16

 fe
de

ra
l s

ta
te

s 
in

cl
ud

ed
 1

06
 

ad
m

in
ist

ra
tiv

e 
di

str
ic

ts
 in

 2
01

1
Ru

ra
l: 

G
er

m
an

y’
s 

16
 fe

de
ra

l s
ta

te
s 

in
cl

ud
ed

 2
96

 
ad

m
in

ist
ra

tiv
e 

di
str

ic
ts

 in
 2

01
1

IC
D

-1
0-

G
M

, c
od

e 
J4

5
N

ot
 sp

ec
ifi

ed
G

oo
d

Le
vi

n 
M

.E
., 

20
20

 [1
8]

So
ut

h 
A

fr
ic

a
N

ot
 sp

ec
ifi

ed
U

rb
an

: 1
18

5
Ru

ra
l: 

39
8

12
–3

6 
m

on
th

s
A

st
hm

a,
 A

R
U

rb
an

: C
ap

e 
To

w
n

Ru
ra

l: 
Ea

ste
rn

 C
ap

e 
pr

ov
in

ce

M
od

ifi
ed

 IS
SA

C
 

cr
ite

ria
N

o 
ad

ju
stm

en
t

Po
or

N
or

bä
ck

 D
., 

20
18

 [1
9]

C
hi

na
20

05
–2

01
2

U
rb

an
: 2

9,
26

2
Ru

ra
l: 

15
20

3–
6 

ye
ar

s
A

st
hm

a
N

ot
 sp

ec
ifi

ed
Ye

s/
no

 q
ue

sti
on

 
as

ki
ng

 if
 th

e 
ch

ild
 

ha
d 

ev
er

 b
ee

n 
di

ag
-

no
se

d 
by

 a
 d

oc
to

r

A
ll 

pe
rs

on
al

 fa
ct

or
s 

(s
ex

, a
ge

, b
irt

h 
se

a-
so

n,
 b

irt
h 

w
ei

gh
t, 

br
ea

stf
ee

di
ng

, 
pa

re
nt

al
 a

to
py

), 
al

l i
nd

oo
r f

ac
to

rs
 

(li
fe

tim
e 

pa
ss

iv
e 

sm
ok

in
g,

 li
fe

tim
e 

m
ol

d/
da

m
pn

es
s)

 
an

d 
ou

td
oo

r f
ac

-
to

rs
 (l

iv
in

g 
ne

ar
 

tra
ffi

c,
 li

fe
tim

e 
ou

td
oo

r T
, l

ife
tim

e 
ou

td
oo

r N
O

2)
, a

nd
 

so
ci

oe
co

no
m

ic
 

st
at

us
 (S

ES
) 

fa
ct

or
s (

m
at

er
na

l 
oc

cu
pa

tio
n 

du
rin

g 
pr

eg
na

nc
y,

 h
om

e 
si

ze
, n

um
be

r o
f 

pe
rs

on
s l

iv
in

g 
in

 
th

e 
cu

rr
en

t h
om

e,
 

cu
rr

en
t r

es
id

en
tia

l 
ar

ea
, a

nd
 G

D
P 

pe
r 

ca
pi

ta
)

Po
or



483Urbanization and Asthma/Allergic Rhinitis

1 3
Vol.: (0123456789)

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

Re
gi

on
St

ud
y 

pe
rio

d
N

um
be

r o
f s

am
pl

es
A

ge
Ty

pe
 o

f 
re

sp
ira

to
ry

 
al

le
rg

y

U
rb

an
/ru

ra
l c

la
s-

si
fic

at
io

n
D

efi
ni

tio
n 

of
 d

is
ea

se
A

dj
us

te
d 

va
ria

bl
es

Q
ua

lit
y 

as
se

ss
m

en
t

La
vi

n 
T.

, 2
01

7 
[3

2]
In

di
a,

 V
ie

t-
na

m
20

02
–2

01
6

U
rb

an
: 8

33
Ru

ra
l: 

29
69

7.
5–

8.
5 

ye
ar

s
A

st
hm

a
Se

ve
ra

l f
ac

to
rs

 a
re

 
co

ns
id

er
ed

 b
y 

tw
o 

re
po

rts
 to

 a
ss

es
s 

w
he

th
er

 a
 c

om
m

u-
ni

ty
/e

nv
iro

nm
en

t 
ty

pe
 re

fle
ct

s a
 ru

ra
l 

or
 u

rb
an

 e
nv

iro
n-

m
en

t, 
in

cl
ud

in
g 

ag
ric

ul
tu

re
 a

nd
 

in
du

str
y,

 a
nd

 
en

vi
ro

nm
en

t a
nd

 
se

rv
ic

es

Fa
ce

-to
 fa

ce
 in

te
r-

vi
ew

s i
f t

he
 c

hi
ld

 
ha

d 
lo

ng
-te

rm
 re

s-
pi

ra
to

ry
 p

ro
bl

em
s 

su
ch

 a
s a

st
hm

a 
(m

ay
 in

cl
ud

e 
cl

in
i-

ca
l d

ia
gn

os
is

 o
r 

ho
sp

ita
l a

dm
is

si
on

)

N
o 

ad
ju

stm
en

t
Po

or

D
os

tá
l M

., 
20

14
 [3

3]
C

ze
ch

 
Re

pu
bl

ic
19

94
–1

99
9

U
rb

an
: 4

66
Ru

ra
l: 

45
5

0–
10

 y
ea

rs
A

R
U

rb
an

: t
he

 T
ep

lic
e 

di
str

ic
t—

ca
n 

pr
od

uc
e 

hi
gh

ly
 

co
nc

en
tra

te
d 

po
l-

lu
ta

nt
s f

ro
m

 b
ot

h 
lo

ca
l a

nd
 re

m
ot

e 
so

ur
ce

s
Ru

ra
l: 

th
e 

le
ss

 p
ol

-
lu

te
d 

ru
ra

l d
ist

ric
t 

of
 P

ra
ch

at
ic

e

IC
D

-1
0 

co
de

s
Se

x,
 lo

w
 b

irt
h 

w
ei

gh
t 

(<
 2

50
0 

g)
 a

nd
/

or
 g

es
ta

tio
n 

<
 3

7 
w

ee
ks

, m
at

er
-

na
l e

du
ca

tio
n,

 
m

at
er

na
l a

lle
rg

y,
 

an
 o

ld
er

 si
bl

in
g 

w
ith

 a
lle

rg
y,

 a
nd

 
br

ea
stf

ee
di

ng

G
oo

d

La
w

so
n 

J.A
., 

20
14

 [3
4]

C
an

ad
a

19
94

–2
00

7
U

rb
an

: 1
,6

49
,4

62
Ru

ra
l: 

38
9,

42
8

12
–1

8 
ye

ar
s

A
st

hm
a

A
re

as
 w

ith
 a

 p
op

ul
a-

tio
n 

of
 fe

w
er

 th
an

 
10

00
 p

eo
pl

e 
or

 
w

ith
 a

 p
op

ul
at

io
n 

de
ns

ity
 o

f <
40

0 
pe

op
le

/k
m

2  w
er

e 
co

ns
id

er
ed

 ru
ra

l 
ba

se
d 

on
 C

an
ad

ia
n 

C
en

su
s R

ur
al

 A
re

as
 

w
hi

ch
 a

cc
ou

nt
s f

or
 

po
pu

la
tio

n 
si

ze
 a

nd
 

de
ns

ity

H
as

 [N
A

M
E]

 e
ve

r 
ha

d 
as

th
m

a 
th

at
 

ha
s b

ee
n 

di
ag

no
se

d 
by

 a
 h

ea
lth

 p
ro

fe
s-

si
on

al
?

Se
x,

 a
ge

, i
nc

om
e,

 
bo

dy
 m

as
s i

nd
ex

, 
pa

ss
iv

e 
sm

ok
in

g 
ex

po
su

re
, p

er
so

na
l 

sm
ok

in
g,

 p
hy

si
ca

l 
ex

er
ci

se

G
oo

d

St
on

er
 A

.M
., 

20
13

 [1
1]

U
SA

20
02

–2
00

6
U

rb
an

: 5
80

0
Ru

ra
l: 

11
00

5.
5 

ye
ar

s
A

st
hm

a
N

ot
 sp

ec
ifi

ed
Si

nc
e 

yo
ur

 c
hi

ld
 

tu
rn

ed
 (x

) y
ea

rs
 o

f 
ag

e,
 h

as
 a

 d
oc

to
r, 

nu
rs

e,
 o

r o
th

er
 

m
ed

ic
al

 p
ro

fe
s-

si
on

al
 e

ve
r t

ol
d 

yo
u 

th
at

 y
ou

r c
hi

ld
 h

as
 

as
th

m
a?

N
o 

ad
ju

stm
en

t
G

oo
d



484	 M. Song et al.

1 3
Vol:. (1234567890)

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

Re
gi

on
St

ud
y 

pe
rio

d
N

um
be

r o
f s

am
pl

es
A

ge
Ty

pe
 o

f 
re

sp
ira

to
ry

 
al

le
rg

y

U
rb

an
/ru

ra
l c

la
s-

si
fic

at
io

n
D

efi
ni

tio
n 

of
 d

is
ea

se
A

dj
us

te
d 

va
ria

bl
es

Q
ua

lit
y 

as
se

ss
m

en
t

Va
le

t R
.S

., 
20

11
 [3

5]
U

SA
19

95
–2

00
0

U
rb

an
: 5

2,
16

8
Ru

ra
l: 

38
,3

17
0–

5.
5 

ye
ar

s
A

st
hm

a,
 A

R
U

rb
an

: c
en

tra
l c

ou
nt

y 
w

ith
in

 1
 o

f T
en

-
ne

ss
ee

’s
 4

 st
an

da
rd

 
m

et
ro

po
lit

an
 

st
at

ist
ic

al
 a

re
as

Ru
ra

l: 
co

un
ty

 o
ut

si
de

 
a 

st
an

da
rd

 m
et

ro
-

po
lit

an
 st

at
ist

ic
al

 
ar

ea
s

IC
D

-9
 c

od
es

B
irt

h 
w

ei
gh

t, 
se

x,
 

ra
ce

, c
hr

on
ic

 
m

ed
ic

al
 c

on
di

tio
ns

, 
hi

sto
ry

 o
f b

ro
n-

ch
io

lit
is

, m
at

er
na

l 
sm

ok
in

g,
 m

at
er

na
l 

ed
uc

at
io

n,
 a

nd
 

m
at

er
na

l h
ist

or
y 

of
 

as
th

m
a

G
oo

d

M
id

od
zi

 W
.K

., 
20

10
 [7

]
C

an
ad

a
19

96
–2

00
3

U
rb

an
: 5

82
3

Ru
ra

l: 
26

02
<

2 
ye

ar
s

A
st

hm
a

U
rb

an
: c

en
tra

l m
et

ro
-

po
lit

an
 a

re
a

Ru
ra

l: 
no

n-
ce

nt
ra

l 
m

et
ro

po
lit

an
 a

re
a

Ph
ys

ic
ia

n-
di

ag
no

se
d

Se
x,

 b
irt

h 
w

ei
gh

t, 
br

ea
stf

ee
di

ng
, 

hi
sto

ry
 o

f e
ar

ly
 

w
he

ez
in

g,
 h

ist
or

y 
of

 c
hi

ld
ho

od
 

al
le

rg
y,

 h
ist

or
y 

of
 

no
se

/th
ro

at
 in

fe
c-

tio
n,

 e
ar

ly
 d

ay
ca

re
 

at
te

nd
an

ce
, s

in
gl

e 
pa

re
nt

 h
ou

se
-

ho
ld

, m
at

er
na

l 
m

ed
ic

at
io

n 
us

e 
in

 
pr

eg
na

nc
y,

 m
at

er
-

na
l s

m
ok

in
g 

du
rin

g 
pr

eg
na

nc
y,

 n
um

be
r 

of
 o

ld
er

 si
bl

in
gs

 
pr

es
en

t a
t b

irt
h,

 
ho

us
eh

ol
d 

so
ci

o-
ec

on
om

ic
 in

de
x,

 
an

d 
ge

og
ra

ph
ic

 
re

gi
on

s

Po
or



485Urbanization and Asthma/Allergic Rhinitis

1 3
Vol.: (0123456789)

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

Re
gi

on
St

ud
y 

pe
rio

d
N

um
be

r o
f s

am
pl

es
A

ge
Ty

pe
 o

f 
re

sp
ira

to
ry

 
al

le
rg

y

U
rb

an
/ru

ra
l c

la
s-

si
fic

at
io

n
D

efi
ni

tio
n 

of
 d

is
ea

se
A

dj
us

te
d 

va
ria

bl
es

Q
ua

lit
y 

as
se

ss
m

en
t

M
id

od
zi

 W
.K

., 
20

07
 [3

6]
C

an
ad

a
19

94
–1

99
7

U
rb

an
: 1

0,
94

5
Ru

ra
l: 

25
70

0–
11

 y
ea

rs
A

st
hm

a
N

ot
 sp

ec
ifi

ed
Ph

ys
ic

ia
n-

di
ag

no
se

d
A

ge
, s

ex
, c

hi
ld

 
al

le
rg

ie
s, 

no
. o

f 
pe

di
at

ric
ia

n 
vi

si
ts

, 
no

. o
f p

hy
si

ci
an

 
vi

si
ts

, m
ot

he
rs

’ 
ag

e 
at

 c
hi

ld
’s

 b
irt

h,
 

ol
de

r s
ib

lin
g,

 
pa

re
nt

al
 h

ist
or

y 
of

 
as

th
m

a,
 im

m
ig

ra
nt

 
m

ot
he

r, 
ei

th
er

 p
ar

-
en

t s
m

ok
ed

, h
om

e 
ne

ed
in

g 
re

pa
irs

, 
ge

og
ra

ph
ic

 re
gi

on
, 

bo
dy

 m
as

s i
nd

ex
, 

so
ci

oe
co

no
m

ic
 

st
at

us
, a

nd
 c

ro
w

d-
in

g 
in

de
x

Po
or

Pr
ift

is
 K

.N
., 

20
07

 [3
7]

G
re

ec
e

19
95

–2
00

4
U

rb
an

: 4
46

Ru
ra

l: 
31

2
8–

10
 y

ea
rs

A
st

hm
a

U
rb

an
: m

un
ic

ip
al

ity
 

of
 M

ar
ou

ss
i c

ha
r-

ac
te

riz
ed

 b
y 

th
e 

ai
r p

ol
lu

tio
n 

w
ith

 
he

av
y 

tra
ffi

c
Ru

ra
l: 

A
lia

rto
s a

nd
 

an
ot

he
r t

hr
ee

 
ad

jo
in

in
g 

ag
ric

ul
-

tu
ra

l v
ill

ag
es

 5
 k

m
 

ar
ou

nd
 th

e 
st

at
io

n 
m

on
ito

rin
g 

ai
r 

qu
al

ity
 in

 th
e 

ar
ea

Th
e 

qu
es

tio
nn

ai
re

 
in

cl
ud

ed
 th

e 
IS

A
A

C
 c

or
e 

qu
es

-
tio

ns
 o

n 
sy

m
pt

om
s 

of
 a

st
hm

a,
 p

hy
-

si
ci

an
-d

ia
gn

os
ed

 
as

th
m

a

N
o 

ad
ju

stm
en

t
Po

or

B
rå

bä
ck

 L
., 

20
04

 [3
8]

Sw
ed

en
19

52
–1

98
1

U
rb

an
:1

,1
19

,4
37

Ru
ra

l: 
19

7,
54

8
17

–2
0 

ye
ar

s
A

st
hm

a,
 A

R
U

rb
an

 is
 d

efi
ne

d 
as

 a
 

ho
m

e 
lo

ca
te

d 
in

 a
 

se
ttl

em
en

t w
ith

 a
t 

le
as

t 2
00

 in
ha

bi
t-

an
ts

.

IC
D

-8
, 9

, a
nd

 1
0 

co
de

s
C

ou
nt

y 
of

 re
si

de
nc

e,
 

ur
ba

n/
ru

ra
l l

iv
in

g,
 

fa
m

ily
 si

ze
, o

ve
r-

cr
ow

di
ng

, b
ei

ng
 

th
e 

fir
st-

bo
rn

 b
oy

, 
an

d 
m

at
er

na
l a

ge
 

at
 th

e 
bi

rth
 o

f t
he

 
ch

ild

G
oo

d



486	 M. Song et al.

1 3
Vol:. (1234567890)

Ta
bl

e 
1  

(c
on

tin
ue

d)

A
ut

ho
r, 

ye
ar

Re
gi

on
St

ud
y 

pe
rio

d
N

um
be

r o
f s

am
pl

es
A

ge
Ty

pe
 o

f 
re

sp
ira

to
ry

 
al

le
rg

y

U
rb

an
/ru

ra
l c

la
s-

si
fic

at
io

n
D

efi
ni

tio
n 

of
 d

is
ea

se
A

dj
us

te
d 

va
ria

bl
es

Q
ua

lit
y 

as
se

ss
m

en
t

D
ik

 N
., 

20
04

 [3
9]

C
an

ad
a

19
80

–1
99

0
U

rb
an

: 7
6,

47
2

Ru
ra

l: 
81

,1
18

0–
6 

ye
ar

s
A

st
hm

a
U

rb
an

: m
et

ro
po

lit
an

 
W

in
ni

pe
g—

ap
pr

ox
im

at
el

y 
65

0,
00

0 
or

 5
4%

 o
f 

th
e 

to
ta

l p
ro

vi
nc

ia
l 

po
pu

la
tio

n
Ru

ra
l: 

ou
ts

id
e 

W
in

-
ni

pe
g—

th
e 

la
rg

es
t 

to
w

n 
ha

vi
ng

 3
0,

00
0 

pe
op

le

IC
D

-4
93

Se
x,

 p
rim

ar
y 

ca
re

G
oo

d

Sh
im

a 
M

., 
20

03
 [1

2]
Ja

pa
n

19
90

–1
99

7
U

rb
an

: 1
02

0
Ru

ra
l: 

83
8

6–
9 

ye
ar

s
A

st
hm

a
U

rb
an

: s
ix

 sc
ho

ol
s i

n 
fo

ur
 c

om
m

un
iti

es
 

(C
hi

ba
, F

un
ab

as
hi

, 
K

as
hi

w
a,

 a
nd

 
Ic

hi
ka

w
a)

Ru
ra

l: 
fo

ur
 sc

ho
ol

s i
n 

fo
ur

 c
om

m
un

iti
es

 
(I

ch
ih

ar
a,

 T
at

ey
-

am
a,

 M
ob

ar
a,

 a
nd

 
K

is
ar

az
u)

Tw
o 

or
 m

or
e 

ep
i-

so
de

s o
f w

he
ez

in
g 

ac
co

m
pa

ni
ed

 b
y 

dy
sp

ne
a 

th
at

 h
ad

 
ev

er
 b

ee
n 

gi
ve

n 
th

e 
di

ag
no

si
s o

f 
as

th
m

a 
by

 a
 p

hy
si

-
ci

an
 a

nd
 th

e 
oc

cu
r-

re
nc

e 
of

 a
st

hm
at

ic
 

at
ta

ck
s o

r t
he

 n
ee

d 
fo

r a
ny

 m
ed

ic
at

io
n 

fo
r a

st
hm

a 
du

rin
g 

th
e 

pa
st 

2 
ye

ar
s

Se
x,

 sc
ho

ol
 g

ra
de

, 
hi

sto
ry

 o
f a

lle
rg

ic
 

di
se

as
es

, r
es

-
pi

ra
to

ry
 d

is
ea

se
s 

be
fo

re
 2

 y
ea

rs
 o

f 
ag

e,
 b

re
as

tfe
ed

-
in

g 
in

 in
fa

nc
y,

 
pa

re
nt

al
 h

ist
or

y 
of

 
al

le
rg

ic
 d

is
ea

se
s, 

m
at

er
na

l s
m

ok
in

g 
ha

bi
ts

, h
ou

se
 o

f 
ste

el
 o

r r
ei

nf
or

ce
d 

co
nc

re
te

, u
se

 o
f 

un
ve

nt
ed

 h
ea

te
r i

n 
w

in
te

r

G
oo

d

AR
 a

lle
rg

ic
 rh

in
iti

s, 
IS

AA
C

​ In
te

rn
at

io
na

l S
tu

dy
 o

f A
st

hm
a 

an
d 

A
lle

rg
ie

s i
n 

C
hi

ld
re

n



487Urbanization and Asthma/Allergic Rhinitis

1 3
Vol.: (0123456789)

The Risk of Developing Asthma and Allergic Rhinitis 
in Urban Residents Compared to Rural Residents

The main and subgroup analysis results of asthma and 
allergic rhinitis risk are presented in Table 2. The risk 
of asthma was higher in urban areas compared to rural 
areas (RR, 1.27), but not for the risk of allergic rhini-
tis (RR, 1.17) (Fig. 2, Fig. 3). The risk of asthma in 
urban areas compared to rural areas was higher in the 
0–6 years and 0–18 years age groups. However, there 
was no significant difference in the risk of asthma 
between urban and rural areas for children aged 0–2 
years. The study compared the RRs of asthma in 
urban areas to those in rural areas across the USA, 
Canada, Europe, and Asia. The results showed that 
RRs were 0.90, 1.39, 1.09, and 1.68, for the respec-
tive regions. Furthermore, the analysis of the 0–18 
years age group showed a RR of 1.42 for allergic rhi-
nitis in urban areas compared to rural areas.

Risk of Bias within Studies

Of the 14 studies, 8 were evaluated as “good” and 6 
as “poor.” The detailed risk of bias in the included 
studies is shown in Supplementary Table  1. For 
studies identified as poor quality, either exposure or 
disease identification was not clear, or the adequacy 
of cohort follow-up was not specified.

Publication Bias

A funnel plot was constructed for the risk of 
asthma (Fig. 4). No significant publication bias was 
observed according to the Egger’s regression test (p 
= 0.635).

Certainty Assessment

The certainty assessment for the eight domains 
was rated for risk of asthma and allergic rhinitis. 
The quality of evidence was evaluated as “low” for 
asthma and “very low” for allergic rhinitis accord-
ing to the GRADE approach (Table 3). This evalua-
tion was prompted by the inclusion of observational 
studies, significant heterogeneity in the results, and 
low directness of the evidence level, although the 
precision of the results attributable to the inclusion 

of numerous subjects. Moreover, no item was iden-
tified to enhance the rating in additional domains.

Discussion

Our meta-analysis systemically confirmed that urban 
residents had a higher risk of developing asthma than 
rural residents. Previous reports have indicated a 
global increase in asthma since the 1970s [40], with 
a total of 340 million individuals worldwide currently 
diagnosed with asthma, and an additional 100 million 
individuals expected to be affected by 2025 [41]. The 
prevalence of asthma tends to be higher in developed 
countries [42], with prevalence estimates of 3–12% 
among children and 2–5% among adults in Germany 
[43]. There has also been a considerable increase in 
asthma in China, and a correlation has been observed 
between GDP per capita at the city level and the prev-
alence of asthma [44]. In the USA, urban children 
are well understood to represent a group with high 
asthma prevalence [45], but little information about 
the burden of asthma among rural children is avail-
able, even though 21% of the population of the USA 
lives in rural areas [46]. Previous studies have shown 
that the prevalence of asthma is highly associated 
with poverty, independent of race [47, 48]. In par-
ticular, rural residents in the USA tend to have lower 
incomes, lower educational attainment, higher rates 
of uninsurance, and lower physician supply. A high 
asthma prevalence (28%) was found in a rural, poor, 
predominantly African American cohort of children 
in Arkansas [49].

There are several potential risk factors for a high 
prevalence of respiratory diseases in urban environ-
ments [16]. The increased risk of asthma in urban 
area may be partly explained by indoor and outdoor 
air pollution, low accessibility to greenery, and low 
biodiversity [50]. Several studies have demonstrated 
that outdoor air pollution, including NO2, SO2, and 
particulate matter, is a risk factor for asthma and 
allergic diseases [11–14], with most studies focus-
ing on traffic-related air pollution as a risk factor for 
asthma [12, 15]. In addition, as the urban-rural dif-
ference in asthma prevalence is reported, a “hygiene 
hypothesis” has been proposed, suggesting that early 
exposure to the infectious or microbial environment 
may play a protective role against respiratory allergic 
diseases [37, 38].
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We speculate that another possible factors for 
the lower prevalence of asthma in rural environ-
ments could be a lack of awareness of the condition, 

which may be due to lower education levels and lim-
ited access to medical care and diagnosis compared 
to urban areas [51]. Urban areas may have a higher 
influx of migrants, leading to demographic differ-
ences between urban and rural populations [52]. In 
addition, genetic variations between urban and rural 
populations within each country may differ and could 
also contribute to the urban/rural differences in the 
incidence of asthma [53].

Subgroup analysis results by region (USA, Can-
ada, Europe, Asia) showed different trends. These 
differences can be explained by different levels of 
urbanization, different dimensions of the urban envi-
ronment, and differences in living conditions among 
populations [20]. It is also possible that this is due to 
differences in the characteristics of the study subjects 
included or the urban-rural definition.

One of the strengths of our study was that we 
included subgroup studies based on asthma and 
allergic rhinitis. The immune system’s shift towards 
a pro-allergenic Th2 response due to reduced micro-
bial exposure in early life is responsible for the Th1/
Th2 cell imbalance, resulting in the clinical manifes-
tation of asthma [54]. A recent study highlighted the 
major contributions of Th2 cytokines, such as IL4, 
IL13, and IL5, to asthma, while interferon-γ, a Th1 
cytokine, has recently been shown to maintain the 
chronic inflammatory response in asthma. During 

Table 2   Main and subgroup analysis of the risk of asthma and 
allergic rhinitis in urban compared to rural areas

Outcome Number of 
studies (n)

Hetero-
geneity 
(%)

Relative risk (95% 
confidence interval, 
p value)

Asthma 13 100 1.27 (1.12–1.44, p < 
0.001)

  0–2 years   2   93 3.10 (0.44–21.56, p 
= 0.25)

  0–6 years   6   95 1.21 (1.01–1.46, p = 
0.04)

  0–18 years 11   99 1.35 (1.12–1.63, p = 
0.002)

  USA   2   51 0.90 (0.81–0.99, p = 
0.04)

  Canada   4 100 1.39 (1.06–1.81, p = 
0.02)

  Europe   4 100 1.09 (0.85–1.41, p = 
0.50)

  Asia   3 100 1.68 (1.16–2.42, p = 
0.006)

Allergic rhinitis   4   98 1.17 (0.87–1.59, p = 
0.30)

  0–18 years   3   97 1.42 (0.46–4.39, p = 
0.55)

Fig. 2   Risk of asthma in 
urban residents compared to 
rural residents

Fig. 3   Risk of allergic 
rhinitis in urban residents 
compared to rural residents
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the early phase, allergen-specific T-cells are acti-
vated and play a central role in the development of 
allergic asthma [55]. Studies have shown that up to 
80% of childhood and 60% of adult asthma cases are 
linked to an unwarranted Th2 cell response to respira-
tory allergens [56]. Therefore, targeting Th2 modula-
tors with neutralizing antibodies may be a promising 
option for asthma patients.

The limitation of our study is that we included 
studies with high heterogeneity, including differences 
in criteria for classifying urban and rural areas in each 
included study. Because we only included articles 
published in English, the results may be biased. The 
statistical power of allergic rhinitis results is relatively 
low due to the small number of studies related to 
allergic rhinitis. Despite these limitations, it is impor-
tant to note that our findings showed a significantly 
higher incidence of asthma among urban residents.

Conclusion

The findings of this study offer epidemiological evi-
dence of an association between asthma and urban/
rural residency. Our analysis revealed that urban 
inhabitants have a greater likelihood of developing 
asthma than rural residents, although no statistically 
significant difference was found for allergic rhini-
tis. Additional investigation is necessary to examine 
the factors linked to asthma in children who live in 
urban settings.

Fig. 4   A funnel plot for risk of asthma

Table 3   GRADE approach for the primary outcome

a All included studies are observational in design
b Considerable heterogeneity (I2 > 50%)
c Very large sample size (over 4000)
d According to Egger’s regression test (p = 0.578)
e All included studies had an observational design, and there was a difference in adjusted variables depending on each study
f OR < 2.0
g Due to insufficient included studies to evaluate publication bias

Outcome Quality assessment

Required domains Additional domains Grade

Study limi-
tations

Consistency Directness 
of evidence

Precision Reporting 
bias

Dose-
response 
association

Plausible 
confounding 
that would 
decrease the 
observed 
effect

Strength of 
association 
(magnitude 
of effect)

Asthma Higha Inconsist-
entb

Indirect Precisec Undetectedd Undetected Presente Weakf Low

Allergic 
rhinitis

Higha Inconsist-
entb

Indirect Precisec Unestima-
bleg

Undetected Presente Weakf Very low



490	 M. Song et al.

1 3
Vol:. (1234567890)

Acknowledgments  This work was supported by the 
Medical Research Center program (grant number NRF-
2018R1A5A2023879), Basic Science Research Program (grant 
number RS-2023-00207946) through the National Research 
Foundation of Korea and the Korea Health Technology R&D 
Project through the Korea Health Industry Development Insti-
tute (KHIDI) (HI22C1377) funded by the Ministry of Health 
& Welfare, Republic of Korea. This work was supported 
by the Ministry of Education (NRF-2021R1A2C4001466, 
2022R1A5A2027161). This work was supported by KREONET.

Author Contribution  MS: investigation, formal analysis, 
data curation, and writing—original draft preparation. SH: 
investigation, formal analysis, data curation, and writing—
original draft preparation. ES: conceptualization, visualization, 
project administration, writing—reviewing and editing, and 
supervision. HJY: methodology, supervision, project adminis-
tration. WHC: methodology, investigation, supervision. TWK: 
methodology, software, visualization. KK: conceptualization, 
visualization, project administration, writing—reviewing and 
editing, and supervision. DL: conceptualization, visualization, 
project administration, funding acquisition, writing—reviewing 
and editing, and supervision. YHK: conceptualization, visuali-
zation, project administration, funding acquisition, writing—
reviewing and editing, and supervision.

Data Availability  Data sharing is not applicable to this arti-
cle, as no datasets were generated or analyzed in this study.

Declarations 

Ethics Approval and Consent to Participate  Not applicable.

Consent for Publication  Not applicable.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 
in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Holgate ST, Wenzel S, Postma DS, Weiss ST, Renz H, Sly 
PD. Asthma (primer). Nat Rev Dis Primers. 2015;1(1)

	 2.	 Small P, Keith PK, Kim H. Allergic rhinitis. Allergy 
Asthma Clin Immunol. 2018;14(2):1–11.

	 3.	 Yorgancioğlu A, Andersen ZJ, Hansen K, et  al. Asthma, 
climate change and planetary health. Int J Tuberc Lung 
Dis. 2022;26(1):S1–S102.

	 4.	 Til-Perez G, Carnevale C, Sarria-Echegaray PL, Arancibia-
Tagle D, Chugo-Gordillo S, Tomas-Barberan MD. Sensiti-
zation profile in patients with respiratory allergic diseases: 
differences between conventional and molecular diagnosis 
(a cross-sectional study). Clin Mol Allergy. 2019;17:8.

	 5.	 Cruz AA, Popov T, Pawankar R, et al. Common charac-
teristics of upper and lower airways in rhinitis and asthma: 
ARIA update, in collaboration with GA(2)LEN. Allergy. 
2007;62(Suppl 84):1–41.

	 6.	 Cho HJ, Ha JG, Lee SN, Kim CH, Wang DY, Yoon JH. Differ-
ences and similarities between the upper and lower airway: 
focusing on innate immunity. Rhinol. 2021;59(5):441–50.

	 7.	 Midodzi WK, Rowe BH, Majaesic CM, Saunders LD, 
Senthilselvan A. Early life factors associated with inci-
dence of physician-diagnosed asthma in preschool chil-
dren: results from the Canadian Early Childhood Develop-
ment cohort study. J Asthma. 2010;47(1):7–13.

	 8.	 Akmatov MK, Holstiege J, Steffen A, Batzing J. Trends and 
regional distribution of outpatient claims for asthma, 2009-
2016, Germany. Bull World Health Organ. 2020;98(1):40–51.

	 9.	 Okada H, Kuhn C, Feillet H, Bach J-F. The ‘hygiene 
hypothesis’ for autoimmune and allergic diseases: an 
update. Clin Exp Immunol. 2010;160(1):1–9.

	10.	 Sanchez J, Sanchez A, Cardona R. Clinical differences 
between children with asthma and rhinitis in rural and 
urban areas. Colomb Med (Cali). 2018;49(2):169–74.

	11.	 Stoner AM, Anderson SE, Buckley TJ. Ambient air toxics 
and asthma prevalence among a representative sample of 
US kindergarten-age children. PloS One. 2013;8(9):e75176.

	12.	 Shima M, Nitta Y, Adachi M. Traffic-related air pollution and 
respiratory symptoms in children living along trunk roads in 
Chiba Prefecture, Japan. J Epidemiol. 2003;13(2):108–19.

	13.	 Jassal MS. Pediatric asthma and ambient pollutant levels 
in industrializing nations. Int Health. 2015;7(1):7–15.

	14.	 Tzivian L. Outdoor air pollution and asthma in children. J 
Asthma. 2011;48(5):470–81.

	15.	 Khreis H, Kelly C, Tate J, Parslow R, Lucas K, Nieuwen-
huijsen M. Exposure to traffic-related air pollution and 
risk of development of childhood asthma: a systematic 
review and meta-analysis. Environ Int. 2017;100:1–31.

	16.	 Heinrich J. Influence of indoor factors in dwellings on 
the development of childhood asthma. Int J Hyg Environ 
Health. 2011;214(1):1–25.

	17.	 Tischer C, Chen CM, Heinrich J. Association between domestic 
mould and mould components, and asthma and allergy in chil-
dren: a systematic review. Eur Respir J. 2011;38(4):812–24.

	18.	 Levin ME, Botha M, Basera W, et al. Environmental fac-
tors associated with allergy in urban and rural children 
from the South African Food Allergy (SAFFA) cohort. J 
Allergy Clin Immunol. 2020;145(1):415–26.

	19.	 Norbäck D, Lu C, Wang J, et  al. Asthma and rhinitis 
among Chinese children—indoor and outdoor air pollu-
tion and indicators of socioeconomic status (SES). Envi-
ron Int. 2018;115:1–8.

http://creativecommons.org/licenses/by/4.0/


491Urbanization and Asthma/Allergic Rhinitis

1 3
Vol.: (0123456789)

	20.	 Rodriguez A, Brickley E, Rodrigues L, Normansell RA, 
Barreto M, Cooper PJ. Urbanisation and asthma in low-
income and middle-income countries: a systematic review 
of the urban–rural differences in asthma prevalence. Tho-
rax. 2019;74(11):1020–30.

	21.	 Page MJ, McKenzie JE, Bossuyt PM, et al. The PRISMA 
2020 statement: an updated guideline for reporting sys-
tematic reviews. Int J Surg. 2021;88:105906.

	22.	 Page MJ, Moher D, Bossuyt PM, et  al. PRISMA 2020 
explanation and elaboration: updated guidance and exem-
plars for reporting systematic reviews. BMJ. 2021;372

	23.	 Herzog R, Álvarez-Pasquin MJ, Díaz C, Del Barrio JL, 
Estrada JM, Gil Á. Are healthcare workers’ intentions to 
vaccinate related to their knowledge, beliefs and attitudes? 
A systematic review. BMC Public Health. 2013;13(1):154.

	24.	 Luchini C, Stubbs B, Solmi M, Veronese N. Assessing the qual-
ity of studies in meta-analyses: advantages and limitations of the 
Newcastle Ottawa Scale. World J Meta-Anal. 2017;5(4):80–4.

	25.	 Stevens R, Heneghan C. Against all odds? Improv-
ing the understanding of risk reporting. Br J Gen Pract. 
2012;62(596):e220–3.

	26.	 Zhang J, Kai FY. What’s the relative risk?: a method of 
correcting the odds ratio in cohort studies of common out-
comes. JAMA. 1998;280(19):1690–1.

	27.	 Higgins JP, Thompson SG, Deeks JJ, Altman DG. 
Measuring inconsistency in meta-analyses. BMJ. 
2003;327(7414):557–60.

	28.	 Higgins JP, Thomas J, Chandler J, et al. Cochrane hand-
book for systematic reviews of interventions. Hoboken, 
NJ: John Wiley & Sons; 2019.

	29.	 Kail RV, Barnfield A. Children and their development. 
Upper Saddle River, NJ: Pearson Prentice Hall; 2007.

	30.	 Berkman ND, Lohr KN, Ansari MT, et  al. Grading the 
strength of a body of evidence when assessing health 
care interventions: an EPC update. J Clin Epidemiol. 
2015;68(11):1312–24.

	31.	 Schünemann H, Brożek J, Guyatt G, Oxman A. Handbook 
for grading the quality of evidence and the strength of 
recommendations using the GRADE approach. Updated 
October 2013;2013.

	32.	 Lavin T, Franklin P, Preen DB. Association between cae-
sarean delivery and childhood asthma in India and Viet-
nam. Paediatr Perinat Epidemiol. 2017;31(1):47–54.

	33.	 Dostál M, Prucha M, Rychlíková E, Pastorková A, Srám 
RJ. Differences between the spectra of respiratory ill-
nesses in children living in urban and rural environments. 
Cent Eur J Public Health. 2014;22(1):3.

	34.	 Lawson JA, Janssen I, Bruner MW, Hossain A, Pickett W. 
Asthma incidence and risk factors in a national longitudi-
nal sample of adolescent Canadians: a prospective cohort 
study. BMC Pulm Med. 2014;14(1):1–9.

	35.	 Valet RS, Gebretsadik T, Carroll KN, et al. High asthma 
prevalence and increased morbidity among rural chil-
dren in a Medicaid cohort. Ann Allergy Asthma Immunol. 
2011;106(6):467–73.

	36.	 Midodzi WK, Rowe BH, Majaesic CM, Senthilselvan 
A. Reduced risk of physician-diagnosed asthma among 
children dwelling in a farming environment. Respirology. 
2007;12(5):692–9.

	37.	 Priftis KN, Anthracopoulos MB, Nikolaou-Papanagio-
tou A, et  al. Increased sensitization in urban vs. rural 

environment--rural protection or an urban living effect? 
Pediatr Allergy Immunol. 2007;18(3):209–16.

	38.	 Braback L, Hjern A, Rasmussen F. Trends in asthma, aller-
gic rhinitis and eczema among Swedish conscripts from 
farming and non-farming environments. A nationwide study 
over three decades. Clin Exp Allergy. 2004;34(1):38–43.

	39.	 Dik N, Tate RB, Manfreda J, Anthonisen NR. Risk of 
physician-diagnosed asthma in the first 6 years of life. 
Chest. 2004;126(4):1147–53.

	40.	 Asher MI, Montefort S, Bjorksten B, et  al. Worldwide 
time trends in the prevalence of symptoms of asthma, 
allergic rhinoconjunctivitis, and eczema in childhood: 
ISAAC phases one and three repeat multicountry cross-
sectional surveys. Lancet. 2006;368(9537):733–43.

	41.	 Masoli M, Fabian D, Holt S, Beasley R. Global Initiative 
for Asthma P. The global burden of asthma: executive 
summary of the GINA Dissemination Committee report. 
Allergy. 2004;59(5):469–78.

	42.	 To T, Stanojevic S, Moores G, et al. Global asthma preva-
lence in adults: findings from the cross-sectional world 
health survey. BMC Public Health. 2012;12:204.

	43.	 Aumann I, Prenzler A, Welte T, Gillissen A. Epidemiol-
ogy and costs of asthma in Germany - a systematic litera-
ture review. Pneumologie. 2014;68(8):557–67.

	44.	 Huang C, Liu W, Hu Y, et  al. Updated prevalences of 
asthma, allergy, and airway symptoms, and a systematic 
review of trends over time for childhood asthma in Shang-
hai, China. PloS One. 2015;10(4):e0121577.

	45.	 Togias A, Fenton MJ, Gergen PJ, Rotrosen D, Fauci AS. 
Asthma in the inner city: the perspective of the National 
Institute of Allergy and Infectious Diseases. J Allergy Clin 
Immunol. 2010;125(3):540–4.

	46.	 Valet RS, Perry TT, Hartert TV. Rural health disparities 
in asthma care and outcomes. J Allergy Clin Immunol. 
2009;123(6):1220–5.

	47.	 Boudreaux ED, Emond SD, Clark S, Camargo CA Jr. 
Acute asthma among adults presenting to the emergency 
department: the role of race/ethnicity and socioeconomic 
status. Chest. 2003;124(3):803–12.

	48.	 Lynd LD, Sandford AJ, Kelly EM, et al. Reconcilable dif-
ferences: a cross-sectional study of the relationship between 
socioeconomic status and the magnitude of short-acting 
beta-agonist use in asthma. Chest. 2004;126(4):1161–8.

	49.	 Perry TT, Vargas PA, McCracken A, Jones SM. Under-
diagnosed and uncontrolled asthma: findings in rural 
schoolchildren from the Delta region of Arkansas. Ann 
Allergy Asthma Immunol. 2008;101(4):375–81.

	50.	 Paciência I, Rufo JC. Urban-level environmental factors 
related to pediatric asthma. Porto Biomed J. 2020;5(1)

	51.	 Obel KB, Ntumba KJM, Kalambayi KP, Zalagile AP, Kinkodi 
KD, Munogolo KZ. Prevalence and determinants of asthma in 
adults in Kinshasa. PloS One. 2017;12(5):e0176875.

	52.	 Rodriguez A, Vaca MG, Chico ME, Rodrigues LC, Bar-
reto ML, Cooper PJ. Rural to urban migration is associated 
with increased prevalence of childhood wheeze in a Latin-
American city. BMJ Open Respir Res. 2017;4(1):e000205.

	53.	 Jie Y, Isa ZM, Jie X, Ju ZL, Ismail NH. Urban vs. rural 
factors that affect adult asthma. Rev Environ Contam Toxi-
col. 2013;226:33–63.



492	 M. Song et al.

1 3
Vol:. (1234567890)

	54.	 Ngoc PL, Gold DR, Tzianabos AO, Weiss ST, Celedon 
JC. Cytokines, allergy, and asthma. Curr Opin Allergy 
Clin Immunol. 2005;5(2):161–6.

	55.	 Leon B, Ballesteros-Tato A. Modulating Th2 cell immunity 
for the treatment of asthma. Front Immunol. 2021;12:637948.

	56.	 Masuda S, Fujisawa T, Katsumata H, Atsuta J, Iguchi K. High 
prevalence and young onset of allergic rhinitis in children with 
bronchial asthma. Pediatr Allergy Immunol. 2008;19(6):517–22.

Publisher’s Note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.


	Geographical Differences of Risk of Asthma and Allergic Rhinitis according to UrbanRural Area: a Systematic Review and Meta-analysis of Cohort Studies
	Abstract 
	Introduction
	Methods
	Patient and Public Involvement
	Protocol and Registration
	Eligibility Criteria
	Information Sources and Search Strategy
	Selection Process
	Data Collection Process and Data Items
	Risk of Bias Assessment
	Effect Measures
	Data Synthesis
	Subgroup Analysis
	Publication Bias
	Certainty Assessment

	Results
	Study Selection
	General Characteristics of the Included Studies
	The Risk of Developing Asthma and Allergic Rhinitis in Urban Residents Compared to Rural Residents
	Risk of Bias within Studies
	Publication Bias
	Certainty Assessment

	Discussion
	Conclusion
	Acknowledgments 
	Anchor 27
	References


