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Abstract
This study aims to summarize the main findings of meta-analyses on the association between exposure to cooking fumes 
CF and lung cancer risk. Meta-analyses of CF exposure and lung cancer risk published up to December 2024 were collected 
using PubMed and Google. Studies on lung cancer risk among cooks were also included. Study type, country, sample size, 
exposure surrogates, and main outcomes were summarized. A total of 293 mostly case-control studies, the bulk of which were 
conducted in China, were pooled into 14 individual meta-analyses. All studies showed that non-use of exhaust ventilation 
and use of coal for cooking significantly increased the odds ratios for lung cancer, although the odds ratios (ORs) and level 
of significance varied among CF exposure surrogates. However, no other cooking-related variables, such as cooking method, 
have shown a consistent association or causal relationship with lung cancer. Future studies should differentiate among CF 
exposure factors, such as the use of solid fuels, cooking methods and occupational cooking, by frequency and duration to 
clarify sources of CF exposure, distinguish between household and occupational CF exposure, and assess associations with 
lung cancer and other health outcomes.

Graphical Abstract
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1  Introduction

The International Agency for Research on Cancer (IARC) 
has classified emissions from cooking-related activities 
using heating fuel such as household solid fuels, high-tem-
perature frying, which are all referred as cooking oil fumes 

or cooking fumes(hereafter CF), as possibly carcinogenic 
to humans (Group 2 A) (IARC 2010). This classification 
is based on evidence that exposure to CF may increase the 
risk of lung cancer due to the presence of harmful com-
pounds such as polycyclic aromatic hydrocarbons (PAHs) 
and aldehydes. Many factors related to cooking, including 
types of cooking fuels, cooking methods, cooking types 
and cooking environments, vary not only between coun-
tries but also within regions inside countries. In this study, 
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CF refers to a broad range of fumes, not only those gener-
ated from cooking oils but also fumes produced during the 
cooking process from various ingredients (e.g., vegetables, 
fish, and meat) and from fuels. In addition, it is difficult 
to distinguish not only between different sources of CF 
exposure, but also between household CF and occupation 
as a cook, which complicates epidemiological studies on 
the effects of CF exposure on health outcomes, including 
cancer. The aim of this study is to summarise the results 
of meta-analyses on the association between household 
exposure to CF and lung cancer risk and to recommend 
strategies to improve the understanding of associations and 
causal relationships with lung cancer.

2 � Methods

This brief review follows the PRISMA-ScR guide-
lines and focuses on meta-analyses and reviews of the 
association between exposure to CF and lung cancer 
risk. A literature search of PubMed, EMBASE, and 
the Cochrane Library was conducted up to December 
2024 using the keywords"cooking oil fumes,""meta-
analysis,""review,""lung cancer,""household coal 
use,""household cooking emission,"and"household cook-
ing fume,"individually or in combination. Key findings 
from all English-language abstracts were included, even 
if the full article was not published in English. In addition, 
further publications were identified through an examina-
tion of the reference lists of the articles. As our objective 
was to provide a broad overview rather than a detailed sys-
tematic review., we did not conduct an in-depth analysis of 
overlap among primary studies included in the meta-anal-
yses, A total of 14 meta-analyses and reviews, including 
three for which only the abstracts were written in English 
(Zhang et al. 2001; Yao and Shi 2003; Yu et al. 2016), 
were eventually included and summarized for this study. 
Relevant data was extracted from the meta-analysis studies 
using a standardized form, including study characteristics 
(e.g., study duration, number of studies analyzed, number 
of subjects combined), variables related to CF exposure 
surrogates, and effect estimates (e.g., odds ratios, rela-
tive risks). The summary of results from epidemiological 
studies based on general population-based designs, which 
compare standardized incidence or mortality rates—
including lung cancer—across various standard occupa-
tional groups (SOCs), including cooking-related occupa-
tions, was excluded. In addition, surrogates for COF in this 
study refer to exposures related to cooking oils, cooking 
ingredients, cooking fuels, cooking methods, and cooking 
types, while excluding indoor pollutants such as ETS and 
heating sources unrelated to cooking.

3 � Results

A total of 293 epidemiological studies, mostly case-con-
trol, examining exposure to CF and lung cancer risk were 
combined in the 14 individual meta-analyses. All studies 
showed that non-use of an extractor and use of coal for 
cooking significantly increased the odds ratios for lung 
cancer, although the significance varied among surrogates 
for CF (Table 1). Certain cooking methods such as stir-
frying were partially associated with an increased risk of 
lung cancer.

4 � Discussion

This study found that the use of extractors, coal fuel, and 
certain cooking methods were significantly associated 
with lung cancer risk in the general population, mainly 
from data collected in China. However, no consistent dose-
response relationship with household CF exposure was 
observed (Table 1). For several reasons, it can be chal-
lenging to estimate past exposure to surrogates related to 
CF, to differentiate their health effects, and to adjust for 
several confounding variables from indoor pollution and 
individual demographic characteristics that vary among 
countries and cooking cultures.

Firstly, it is necessary to distinguish not only between 
multiple CF exposure sources (solid fuels, frying meth-
ods etc.), variability in cooking practices and ventilation 
conditions, but also occupation and indoor pollutants from 
sources other than household cooking, in order to examine 
the net effect on health outcomes of either CF or a spe-
cific cooking-related variable. Each of these CF exposure 
sources may contribute to lung cancer risk, making it dif-
ficult to isolate the effect of any single factor. (Lee and 
Gany 2013) There is essentially no evidence on whether 
CF exposure itself remains a risk factor for lung cancer in 
populations that do not use solid fuels and apply different 
cooking methods. The complexity of isolating the effects 
of different cooking-related factors on lung cancer risk has 
not been well examined.

Secondly, differences in CF exposure among cooking 
practices, such as cooking fuels, cooking oil types, foods 
cooked, cooking methods, cooking temperatures, ventila-
tion level, and more need to be assessed in combination 
with frequency and duration and other appropriate vari-
ables. Cooking methods and practices vary widely from 
country to country, culture to culture, and even household 
to household. The frequency and duration of cooking var-
ies as well. For example, many regional cuisines, particu-
larly those that use deep-frying, frying, stir-frying, and 



Aerosol and Air Quality Research (2025) 25:41	 Page 3 of 9  41

Ta
bl

e 
1  

S
um

m
ar

y 
of

 m
et

a-
an

al
ys

es
 th

at
 p

oo
le

d 
th

e 
re

su
lts

 o
f e

pi
de

m
io

lo
gi

c 
stu

di
es

 th
at

 e
xa

m
in

ed
 th

e 
as

so
ci

at
io

n 
be

tw
ee

n 
ex

po
su

re
 to

 c
oo

ki
ng

 o
il 

fu
m

es
 a

nd
 th

e 
ris

k 
of

 lu
ng

 c
an

ce
r

C
ou

nt
ry

Se
x 

of
 p

ar
tic

ip
an

ts
St

ud
y 

su
bj

ec
ts

Pe
rio

d
N

um
be

r o
f s

tu
di

es
 

po
ol

ed
C

F 
ex

po
su

re
 e

sti
m

at
-

in
g 

va
ria

bl
es

 a
nd

 
si

gn
ifi

ca
nt

 C
F-

re
la

te
d 

va
ria

bl
es

(m
ar

ke
d 

as
 *

)

C
oo

ki
ng

 jo
b 

hi
sto

ry
K

ey
 fi

nd
in

gs
Re

f.

C
hi

na
/T

ai
w

an
/In

di
a

B
ot

h 
se

x 
(L

C
IN

S)
13

 c
as

e-
co

nt
ro

l 
an

d 
3 

pr
os

pe
ct

iv
e 

co
ho

rt 
stu

dy

20
12

–2
02

2
16

 (1
3 

ca
se

-c
on

tro
l, 

3 
pr

os
pe

ct
iv

e 
co

ho
rts

)

C
F,

 p
oo

r v
en

til
at

io
n,

 
no

 fu
m

e 
ex

tra
ct

or
, 

co
al

 u
se

N
o

Se
ve

n 
ca

se
-c

on
tro

l 
stu

di
es

 li
nk

ed
 

co
ok

in
g 

oi
l f

um
es

 
to

 a
n 

in
cr

ea
se

d 
ris

k 
of

 L
C

IN
S,

 
w

ith
 tw

o 
sh

ow
-

in
g 

a 
re

du
ce

d 
ris

k 
w

ith
 th

e 
us

e 
of

 a
 c

oo
ke

r 
ho

od
. O

th
er

 
stu

di
es

 fo
un

d 
an

 
in

cr
ea

se
d 

ris
k 

w
ith

 c
oa

l u
se

 a
nd

 
la

ck
 o

f k
itc

he
n 

ve
nt

ila
tio

n.
 P

oo
r 

ve
nt

ila
tio

n 
al

on
e 

(A
H

R
 =

 1
.4

9)
 

an
d 

in
 c

om
bi

na
-

tio
n 

w
ith

 c
oa

l u
se

 
(A

H
R

 =
 2

.0
3)

 
fu

rth
er

 in
cr

ea
se

d 
th

e 
ris

k 
of

 L
C

IN
S 

in
 a

 c
oh

or
t s

tu
dy

(B
hu

ro
sy

 e
t a

l. 
20

23
)

C
hi

na
N

I
N

I
19

80
 to

 2
02

0
29

Ye
ar

s c
oo

ke
d 

(<
 2

00
0,

 
20

00
–2

01
0 

an
d 

20
10

–2
02

0)
, l

ev
el

 o
f 

co
ok

in
g 

tim
e-

ye
ar

s, 
C

oo
ki

ng
 ty

pe
# 

(*
), 

C
oo

ki
ng

 m
et

ho
d 

$ 
(*

).F
re

qu
en

t u
se

 
of

 th
e 

pa
n-

fr
yi

ng
 

m
et

ho
d 

(*
)

N
o

Th
e 

O
R

s f
or

 lu
ng

 
ca

nc
er

 ri
sk

 
fro

m
 C

F 
va

rie
d 

ov
er

 ti
m

e,
 w

ith
 

ve
nt

ila
tio

n 
re

du
c-

in
g 

th
e 

O
R

 to
 

0.
54

. C
ui

si
ne

s #
 

in
vo

lv
in

g 
ce

rta
in

 
co

ok
in

g 
m

et
ho

ds
 

ha
d 

hi
gh

er
 O

R
s, 

in
di

ca
tin

g 
an

 
in

cr
ea

se
d 

ris
k 

of
 

lu
ng

 c
an

ce
r

(Z
ha

ng
 e

t a
l. 

20
22

)



	 Aerosol and Air Quality Research (2025) 25:4141  Page 4 of 9

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
ou

nt
ry

Se
x 

of
 p

ar
tic

ip
an

ts
St

ud
y 

su
bj

ec
ts

Pe
rio

d
N

um
be

r o
f s

tu
di

es
 

po
ol

ed
C

F 
ex

po
su

re
 e

sti
m

at
-

in
g 

va
ria

bl
es

 a
nd

 
si

gn
ifi

ca
nt

 C
F-

re
la

te
d 

va
ria

bl
es

(m
ar

ke
d 

as
 *

)

C
oo

ki
ng

 jo
b 

hi
sto

ry
K

ey
 fi

nd
in

gs
Re

f.

C
hi

na
B

ot
h 

se
xe

s
Lu

ng
 c

an
ce

r c
as

es
 

(n
=

94
11

)
23

 o
bs

er
va

tio
na

l 
stu

di
es

C
F(

*)
, l

ev
el

 o
f v

en
-

til
at

io
n 

(*
), 

co
ok

-
in

g 
m

et
ho

ds
: s

tir
 

fr
yi

ng
(*

) a
nd

 d
ee

p 
fr

yi
ng

, c
oo

ki
ng

 m
en

N
o

Ex
po

su
re

 to
 C

F 
in

cr
ea

se
d 

th
e 

ris
k 

of
 lu

ng
 c

an
ce

r 
in

 n
on

-s
m

ok
in

g 
w

om
en

 (O
R

 
=

 1
.9

8)
 a

nd
 in

 
pa

rti
al

ly
 sm

ok
-

in
g 

w
om

en
 (O

R
 

=
 2

.0
0)

. F
or

 
co

ok
in

g 
m

en
, t

he
 

po
ol

ed
 O

R
 w

as
 

1.
15

, s
ho

w
in

g 
no

 si
gn

ifi
ca

nt
 

in
cr

ea
se

. P
oo

r 
ve

nt
ila

tio
n 

(O
R

 =
 

1.
20

) a
nd

 st
ir-

fr
y-

in
g 

(O
R

 =
 1

.8
9)

 
w

er
e 

as
so

ci
at

ed
 

w
ith

 a
 h

ig
he

r r
is

k 
of

 lu
ng

 c
an

ce
r, 

w
he

re
as

 d
ee

p-
fr

yi
ng

 w
as

 n
ot

(J
ia

 e
t a

l. 
20

18
)

C
hi

na
B

ot
h 

se
xe

s
11

,3
62

 c
as

es
 a

nd
 

13
,9

53
 c

on
tro

ls
19

90
 to

 2
01

4
28

In
do

or
 c

oa
l u

se
 fo

r 
he

at
in

g 
an

d 
co

ok
-

in
g(

*)
, e

nv
iro

nm
en

ta
l 

to
ba

cc
o 

sm
ok

e(
ET

S)

N
o

Th
e 

O
R

 fo
r t

he
 

as
so

ci
at

io
n 

be
tw

ee
n 

in
do

or
 

co
al

 u
se

 fo
r 

co
ok

in
g 

an
d 

lu
ng

 
ca

nc
er

 ri
sk

 w
as

 
1.

49
 (9

5%
 C

I 
1.

33
–1

.6
7)

(L
i e

t a
l. 

20
18

)

C
hi

na
N

on
-s

m
ok

in
g 

C
hi

-
ne

se
 w

om
en

C
as

es
 (n

=
3,

59
60

, 
co

nt
ro

l (
n=

6,
08

2)
19

92
-2

00
9

3 
ca

se
-c

on
tro

l a
nd

 
10

 h
os

pi
ta

l-b
as

ed
 

stu
di

es

C
F 

ex
po

su
re

(*
), 

us
e 

of
 

ki
tc

he
n 

ve
nt

ila
tio

n(
*)

N
o

Th
e 

po
ol

ed
 O

R
s 

fo
r e

xp
os

ur
e 

to
 

co
ok

in
g 

oi
l f

um
es

 
an

d 
no

t u
si

ng
 a

 
ki

tc
he

n 
fa

n 
w

hi
le

 
co

ok
in

g 
w

er
e 

O
R

 1
.7

4 
(9

5%
 

C
I =

1.
57

–1
.9

4)
 

an
d 

2.
11

 (9
5%

 C
I 

=
1.

54
–2

.8
9)

(X
ue

 e
t a

l. 
20

16
)



Aerosol and Air Quality Research (2025) 25:41	 Page 5 of 9  41

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
ou

nt
ry

Se
x 

of
 p

ar
tic

ip
an

ts
St

ud
y 

su
bj

ec
ts

Pe
rio

d
N

um
be

r o
f s

tu
di

es
 

po
ol

ed
C

F 
ex

po
su

re
 e

sti
m

at
-

in
g 

va
ria

bl
es

 a
nd

 
si

gn
ifi

ca
nt

 C
F-

re
la

te
d 

va
ria

bl
es

(m
ar

ke
d 

as
 *

)

C
oo

ki
ng

 jo
b 

hi
sto

ry
K

ey
 fi

nd
in

gs
Re

f.

C
hi

na
N

on
-s

m
ok

in
g 

C
hi

-
ne

se
 w

om
en

C
as

es
 (n

=
11

,9
46

), 
co

nt
ro

l 
(n

=
12

,5
96

)

19
95

 to
 2

01
4

24
 c

as
e-

co
nt

ro
l 

stu
di

es
K

itc
he

n 
sm

og
 w

hi
le

 
co

ok
in

g(
*)

, P
os

iti
on

 
of

 k
itc

he
n(

*)
, F

re
-

qu
en

cy
 o

f d
ee

p 
fr

yi
ng

 
pe

r w
ee

k(
*)

N
o

Th
e 

po
ol

ed
 O

R
s 

(9
5%

 C
I)

 w
er

e 
as

 
fo

llo
w

s:
 k

itc
he

n 
sm

og
 d

ur
in

g 
co

ok
in

g,
 2

.2
1 

(1
.2

7–
2.

96
); 

ki
tc

he
n 

lo
ca

tio
n,

 
1.

76
 (1

.4
8–

2.
09

); 
an

d 
fr

eq
ue

nc
y 

of
 

fr
yi

ng
 p

er
 w

ee
k,

 
2.

24
 (1

.6
1–

3.
12

)

(Y
u 

et
 a

l. 
20

16
)

Im
m

ig
ra

nt
s i

n 
U

S;
 

C
hi

na
/T

ai
w

an
/

H
on

g 
K

on
g/

Si
ng

ap
or

e/
B

rit
is

h 
C

ol
um

bi
a/

U
K

/
Fi

nl
an

d/
N

or
w

ay

B
ot

h 
se

xe
s

N
I

N
I

22
 c

as
e-

co
nt

ro
l 

an
d 

7 
ec

ol
og

ic
al

 
stu

di
es

Jo
b 

hi
sto

ry
 re

la
te

d 
to

 
co

ok
in

g(
*)

, f
re

qu
en

t 
co

ok
in

g(
*)

, e
ye

 
irr

ita
tio

n 
du

rin
g 

co
ok

in
g(

*)
,la

ck
 o

f 
a 

fu
m

e 
ex

tra
ct

or
(*

), 
la

ck
 o

f a
 se

pa
ra

te
d 

ki
tc

he
n(

*)
, c

oo
ki

ng
 

di
sh

-y
ea

rs
(*

)

In
cl

ud
ed

 in
 fi

ve
 

ca
se

-c
on

tro
l 

stu
di

es

Tw
o 

stu
di

es
 fo

un
d 

an
 a

ss
oc

ia
tio

n 
be

tw
ee

n 
ex

po
su

re
 

to
 C

F 
an

d 
th

e 
ris

k 
of

 lu
ng

 c
an

ce
r, 

In
 a

dd
iti

on
, fi

ve
 

ep
id

em
io

lo
gi

c 
stu

di
es

 re
po

rte
d 

an
 in

cr
ea

se
d 

ris
k 

of
 o

xi
da

tiv
e 

D
N

A
 

str
es

s a
nd

/o
r l

un
g 

ca
nc

er
 a

ss
oc

ia
te

d 
w

ith
 c

oo
ki

ng
-

re
la

te
d 

oc
cu

pa
-

tio
ns

(L
ee

 a
nd

 G
an

y 
20

13
)

Eu
ro

pe
/C

an
ad

a/
N

ew
 Z

ea
la

nd
/

C
hi

na

B
ot

h 
se

xe
s

13
,1

76
 lu

ng
 c

an
ce

r 
ca

se
s a

nd
 1

6,
12

9 
co

nt
ro

ls

16
 c

as
e-

co
nt

ro
l 

stu
di

es
Li

fe
tim

e 
w

or
k 

hi
sto

rie
s, 

ev
er

 w
or

ke
d 

as
 a

 c
oo

k 
or

 k
itc

he
n 

w
or

ke
r, 

w
or

ki
ng

 h
ou

rs

In
cl

ud
ed

C
oo

ki
ng

 o
cc

up
a-

tio
ns

 sh
ow

ed
 a

n 
in

cr
ea

se
d 

ris
k 

of
 lu

ng
 c

an
ce

r 
be

fo
re

 a
dj

us
t-

m
en

t f
or

 sm
ok

in
g 

(O
R

 1
.2

0)
, b

ut
 

no
 a

ss
oc

ia
tio

n 
af

te
r a

dj
us

tm
en

t 
(O

R
 1

.0
1,

 9
5%

 C
I 

0.
86

–1
.2

0)
. N

o 
si

gn
ifi

ca
nt

 a
ss

o-
ci

at
io

n 
w

as
 fo

un
d 

be
tw

ee
n 

w
or

ki
ng

 
ho

ur
s a

nd
 lu

ng
 

ca
nc

er
 ri

sk

(B
ig

er
t e

t a
l. 

20
15

)



	 Aerosol and Air Quality Research (2025) 25:4141  Page 6 of 9

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
ou

nt
ry

Se
x 

of
 p

ar
tic

ip
an

ts
St

ud
y 

su
bj

ec
ts

Pe
rio

d
N

um
be

r o
f s

tu
di

es
 

po
ol

ed
C

F 
ex

po
su

re
 e

sti
m

at
-

in
g 

va
ria

bl
es

 a
nd

 
si

gn
ifi

ca
nt

 C
F-

re
la

te
d 

va
ria

bl
es

(m
ar

ke
d 

as
 *

)

C
oo

ki
ng

 jo
b 

hi
sto

ry
K

ey
 fi

nd
in

gs
Re

f.

C
hi

na
, H

on
g 

K
on

g,
 

Th
ai

la
nd

B
ot

h 
se

xe
s

91
2 

ca
se

s;
 1

,0
63

 
co

nt
ro

ls
6

C
oa

l, 
ch

ar
co

al
 a

nd
 

w
oo

d 
us

e 
fo

r h
ea

tin
g 

an
d 

co
ok

in
g(

*)

N
o

Fo
ur

 st
ud

ie
s f

ou
nd

 
th

at
 th

e 
us

e 
of

 
co

al
 fo

r h
ea

tin
g 

an
d 

co
ok

in
g 

w
as

 
as

so
ci

at
ed

 w
ith

 
an

 in
cr

ea
se

d 
ris

k 
of

 lu
ng

 c
an

ce
r 

(O
R

 1
.6

4,
 9

5%
 C

I 
1.
25
–2

.1
4)

(H
os

go
od

 II
I e

t a
l.,

 
20

07
)

C
hi

na
B

ot
h 

se
xe

s
55

63
 c

as
es

 a
nd

 
84

84
 c

on
tro

ls
19

95
–2

00
4

27
 c

as
e-

co
nt

ro
l 

stu
di

es
 (1

9 
in

 
En

gl
is

h 
an

d 
8 

in
 

C
hi

ne
se

)

C
oa

l u
se

 fo
r h

ea
tin

g 
an

d 
co

ok
in

g(
*)

, 
In

do
or

 a
ir 

po
llu

-
tio

n(
*)

, e
nv

iro
nm

en
-

ta
l t

ob
ac

co
 sm

ok
e(

*)

N
o

Fo
r h

ou
se

ho
ld

 c
oa

l 
us

e 
fo

r h
ea

tin
g 

an
d 

co
ok

in
g,

 th
e 

po
ol

ed
 O

R
s a

re
 

1.
83

 (9
5%

 C
I: 

0.
62

–5
.4

1)
 a

nd
 

2.
66

 (1
.3

9–
5.

07
) 

fo
r w

om
en

 a
nd

 
bo

th
 se

xe
s, 

re
sp

ec
tiv

el
y.

 F
or

 
in

do
or

 c
oa

l d
us

t 
ex

po
su

re
, t

he
 

O
R

 v
al

ue
s a

re
 

2.
52

 (9
5%

 C
I: 

1.
94

–3
.2

8)

(Z
ha

o 
et

 a
l. 

20
06

)

C
hi

na
B

ot
h 

se
xe

s
C

as
es

 (n
=

 
5,

60
0)

, c
on

tro
ls

 
(n

=
6,

89
2)

19
90

 to
 2

00
1

41
Ve

nt
ila

tio
n 

in
 

ki
tc

he
n(

*)
, c

oa
l 

ev
er

 u
se

d 
in

 
lif

e(
*)

,e
nv

iro
nm

en
ta

l 
to

ba
cc

o 
sm

ok
e(

*)

N
o

Th
e 

po
ol

ed
 O

R
s 

w
er

e 
3.

20
 fo

r 
in

do
or

 e
xp

os
ur

e 
to

 c
oa

l, 
2.

72
 fo

r 
in

do
or

 e
xp

os
ur

e 
to

 C
F,

 2
.1

3 
fo

r 
po

or
 k

itc
he

n 
ve

n-
til

at
io

n,
 a

nd
 1

.5
0 

fo
r e

ve
r u

si
ng

 
co

al
 in

 li
fe

(Y
ao

 a
nd

 S
hi

 2
00

3)

C
hi

na
N

on
-s

m
ok

in
g 

C
hi

-
ne

se
 w

om
en

C
as

e 
(n

=
1,

11
5)

-
co

nt
ro

l (
n=

1,
52

0)
19

90
 to

 1
99

9
7 

ca
se

-c
on

tro
l 

stu
di

es
In

do
or

 C
F 

an
d 

co
al

 
po

llu
tio

n(
*)

N
o

Th
e 

po
ol

ed
 O

R
 v

al
-

ue
s f

or
 in

do
or

 C
F 

po
llu

tio
n 

an
d 

co
al

 
po

llu
tio

n 
w

er
e 

2.
52

 a
nd

 1
.4

2,
 

re
sp

ec
tiv

el
y

(Z
ha

ng
 e

t a
l. 

20
01

)



Aerosol and Air Quality Research (2025) 25:41	 Page 7 of 9  41

Ta
bl

e 
1  

(c
on

tin
ue

d)

C
ou

nt
ry

Se
x 

of
 p

ar
tic

ip
an

ts
St

ud
y 

su
bj

ec
ts

Pe
rio

d
N

um
be

r o
f s

tu
di

es
 

po
ol

ed
C

F 
ex

po
su

re
 e

sti
m

at
-

in
g 

va
ria

bl
es

 a
nd

 
si

gn
ifi

ca
nt

 C
F-

re
la

te
d 

va
ria

bl
es

(m
ar

ke
d 

as
 *

)

C
oo

ki
ng

 jo
b 

hi
sto

ry
K

ey
 fi

nd
in

gs
Re

f.

C
hi

na
B

ot
h 

se
xe

s
N

I
19

82
-1

99
4

9 
ca

se
-c

on
tro

l 
stu

di
es

Fr
eq

ue
nc

y 
of

 st
ir-

fr
yi

ng
, f

ry
in

g,
 o

r 
de

ep
-f

ry
in

g(
*)

, 
A

ge
 st

ar
te

d 
co

ok
-

in
g(

*)
, k

itc
he

n 
la

yo
ut

 
(s

ep
ar

at
io

n)
(*

), 
fu

m
e 

ex
tra

ct
or

s(
*)

, n
um

be
r 

of
 m

ea
ls

 a
t h

om
e/

da
y,

 
ar

ea
 o

f w
in

do
w

N
o

C
on

si
ste

nt
 p

os
iti

ve
 

as
so

ci
at

io
ns

 
be

tw
ee

n 
lu

ng
 

ca
nc

er
 ri

sk
 a

nd
 a

 
va

rie
ty

 o
f i

nd
ic

es
 

of
 e

xp
os

ur
e 

to
 in

do
or

 a
ir 

po
llu

tio
n 

fro
m

 
C

hi
ne

se
-s

ty
le

 
co

ok
in

g

(Z
ho

ng
 e

t a
l. 

19
99

)

A
fr

ic
a,

 E
ur

op
e,

 
C

hi
na

 a
nd

 T
ai

w
an

B
ot

h 
se

xe
s

10
,1

42
 c

as
es

 a
nd

 
13

,4
16

 c
on

tro
ls

19
81

-2
00

4
25

 c
as

e-
co

nt
ro

l 
stu

di
es

Th
e 

fr
eq

ue
nc

y 
of

 
sti

r-f
ry

in
g,

 fr
yi

ng
, 

or
 d

ee
p-

fr
yi

ng
(*

), 
ag

e 
st

ar
te

d 
co

ok
-

in
g(

*)
, k

itc
he

n 
la

yo
ut

(s
ep

ar
at

io
n)

(*
), 

th
e 

us
e 

of
 fu

m
e 

ex
tra

ct
or

s(
*)

H
ou

se
ho

ld
 c

oa
l u

se
 

w
as

 a
ss

oc
ia

te
d 

w
ith

 lu
ng

 c
an

ce
r 

ris
k 

am
on

g 
al

l 
stu

di
es

 th
ro

ug
h-

ou
t t

he
 w

or
ld

 
[O

R
 =

 2
.1

5;
 9

5%
 

C
I =

 1
.6

12
.8

9,
 

N
(s

tu
di

es
) =

 2
5]

, 
an

d 
pa

rti
cu

la
rly

 
am

on
g 

th
os

e 
stu

di
es

 c
ar

rie
d 

ou
t i

n 
m

ai
nl

an
d 

C
hi

na
 a

nd
 T

ai
w

an
 

(O
R

 =
 2

.2
7;

 9
5%

 
C

I =
 1

.6
53

.1
2,

 
N

(s
tu

di
es

) =
 2

0)

(H
os

go
od

 II
I e

t a
l.,

 
20

11
).

To
ta

l
29

3

LC
IN
S 

Lu
ng

 c
an

ce
r i

n 
ne

ve
r-s

m
ok

er
s, 
AH

R 
A

dj
us

te
d 

ha
za

rd
 ra

tio
, C

F 
C

oo
ki

ng
 fu

m
es

, O
R 

A
dj

us
te

d 
od

ds
 ra

tio
; C

I c
on

fid
en

ce
 in

te
rv

al
s, 
N
I N

o 
In

fo
rm

at
io

n
$  C

oo
ki

ng
 m

et
ho

ds
; d

ee
p-

fr
yi

ng
, q

ui
ck

-f
ry

in
g,

 st
ir-

fr
yi

ng
 a

nd
 p

an
-f

ry
in

g
#  C

oo
ki

ng
 ty

pe
s:

 L
ia

o 
cu

is
in

e,
 F

uj
ia

n 
cu

is
in

e,
 S

ha
ng

ha
i c

ui
si

ne
, J

in
gd

on
g 

cu
is

in
e 

an
d 

Sh
aa

nx
i c

ui
si

ne
 h

ad
 O

R
s (

95
%

 c
on

fid
en

ce
 in

te
rv

al
) o

f 1
.9

1 
(9

5 
%

 C
I 1

.6
2,

 2
.2

5)
, 2

.3
8 

(9
5 

%
 C

I 1
.8

0,
 3

.1
6)

, 
1.

56
 (9

5 
%

 C
I 1

.2
9,

 1
.8

9)
, 2

.5
8(

95
 %

 C
I 1

.6
3,

 4
.0

9)
 a

nd
 1

.5
7 

(9
5 

%
 C

I 1
.1

6,
 2

.1
1)

, r
es

pe
ct

iv
el

y



	 Aerosol and Air Quality Research (2025) 25:4141  Page 8 of 9

pan-frying, had higher ORs, indicating that these cook-
ing methods are associated with an increased risk of lung 
cancer. Stir-frying (OR = 1.89, 95% CI 1.23, 2.90, I2 = 
66%) was associated with an increased risk of lung cancer, 
whereas deep-frying (OR = 1.41, 95% CI 0.87, 2.29, I2 = 
5%) was not (Jia et al. 2018).

Thirdly, the distinction between occupational and house-
hold CF exposures, which have different exposure and health 
risk profiles, needs to be evaluated. Few previous epidemio-
logic studies have compared the effect of specific occupa-
tional exposures to CF classified by job characteristics by 
type of cooking job, on the risk of respiratory health out-
comes, including lung cancer. As reviewed in the summary 
of meta-analysis study results (Table 1), studies did not fully 
distinguish CF exposure between occupational and house-
hold cooking. Evidence is still lacking for groups of cooks 
with similar cooking styles, beyond simply the general popu-
lation who are regularly and intermittently exposed to CF. 
Most studies investigating the cancer risk associated with 
cooking are based on general population-based designs that 
compare standardized incidence or mortality rates, includ-
ing lung cancer, across various SOC (Xu et al. 2024; Jang 
et al. 2025). However, general population-based studies are 
limited in their ability to examine the specific occupational 
risk factors for lung cancer among cooks, such as employ-
ment duration, type of cooking job, type of commercial 
restaurant, and the frequency and intensity of exposure to 
cooking fumes.

Finally, the causal relationship between CF and health 
outcomes should be examined based on the retrospective 
CF exposure assessment method using multiple CF exposure 
surrogates stratified by frequency and duration. In a study 
examining the associations of cooking habits and exposure 
to cooking fumes in 1,302 lung cancer cases and 1,302 
matched healthy controls in Taiwan during 2002-2010, a 
dose-response association between cooking fume exposure 
and lung cancer was reported (odds ratios of 1, 1.63, 1.67, 
2.14, and 3.17 across increasing levels of cooking time-years 
(Chen et al. 2020)). To investigate the causal relationship 
between CF and health outcomes, the frequency and dura-
tion by cooking year, cooking method, and cooking oil type 
should be classified and investigated in epidemiologic stud-
ies. It also remains challenging to differentiate the individual 
contributions of various indoor kitchen pollutants—such as 
COF, ETS, solid fuel use, and other exposures—to lung can-
cer risk.

The main limitation of this brief communication is the 
potential for overlap among the 14 meta-analyses, as they 
are likely to include the same primary studies, although a 
consistent association was found between cooking coal use, 
extractor use, and lung cancer risk. No in-depth quantifica-
tion of the overlap among primary studies included in the 
identified meta-analyses—which could impact the accuracy 

and strength of the summarized findings—was conducted. 
Summarizing the results of multiple meta-analyses is chal-
lenging due to overlapping studies, methodological vari-
ability and different inclusion criteria, which can lead to 
redundancy and inconsistencies. The strength of this com-
munication lies in its recommendation to differentiate varia-
bles related to CF and to investigate their causal relationship 
with health outcomes, including lung cancer (see graphical 
abstract).

In conclusion, future studies should differentiate different 
types of CF exposure sources, such as cooking fuels, cook-
ing methods and occupational cooking, etc., by frequency 
and duration in order to clarify sources of CF exposure, dis-
tinguish between household and occupational CF exposure, 
and assess associations with lung cancer and other health 
outcomes.
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