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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.
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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
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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.

@ Springer

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



Page3of9 41

Aerosol and Air Quality Research (2025) 25:41

I00ued Juny
JO YSLI paseaIoul
ue Juresrpur
‘SYO 1oys1Yy pey
spoyjouwt Suryood
ure1I9d SUuIA[OAUL
# saulsIng $6°0
01 YO 2y3 Sut
-ONpPal UOHE[NUIA
M QUIT) IOAO
paLIeA D WoIj
YSLI 1ooUBD

3uny 10§ SYO YL
Apnis 110409 © ul
SNIDTJo st oy
PaseaIdUI JayIny
(€0'C=Y¥HV)
9sn 20D YIIM UON
-eUIqUIOD UT pue
(6’1 = 4HV)
QUO[E UOTIB[IIUIA
100 "UOTJR[TIUAA
uayoIy JO Yor[
pUE 3SN [20D 1M
[SLI paseaIout
Ue punoj sarpmnys
IY)0 "pooy
IOY00D B JO asn
oY) LA SLI
paonpar e 3ur
-MOUS 0M) [IIM
‘SNIDTJO ysH
PaseaIdul ue 0}
sowny 10 Jurood
PIYUI] S3TpmIs

(€207 'Te 12 AsoInyg) [ONUOI-ISED UIAJS

(Tt Te 10 Sueyy)

() poyrowt
Surk1y-ued o Jo
osn juonbary (y) ¢
poyow Furjoo)
‘() #2d£) Sunyoo)
‘s1eak-own unjood
Jo 19491 *(020T-010¢
pue 0102-000¢
ON  ‘000T >) P00 S1BIX

asn [80d
‘J0JORI)Xd dWng OU

ON ‘uone[nuaa Jood 4D

6C 020C 910861 IN IN BUIYD

(s11040d
aanoadsord ¢

Apms 11040d
aanoadsord ¢ pue

‘o s3urpuy A9y AI103S1y qof Suryoo)

(4 Se padjIew)so[qeLIBA
Poje[aI- D) JUBOYIUSIS
pue sa[qeLreA 3ur
-Jewinse amsodxa D

‘[0MU00-3sed €1) 91 ZTOT-CI0T [onuoo-ased €1 (SNIDT) X°s log  BIpU/UBMIB]/RUTYD)
psjood
SQIpPNJS JO JaquunN poriag syelgns Apmis  syuedroned jo xog Anuno)

190uEd 3Unj Jo YSLI 9y} pue sawny [10 SURj00d 0} 2INSOdXd USIMIOQ UOTBIOOSSE A} PAUILXa Jey) saIpmis d13ojoruapida jo synsar oy pajood jey) sasA[eue-ejow jo Arewwung | a|qel

pringer

As



Aerosol and Air Quality Research (2025) 25:41

Page 4 of 9

41

(68'T¥S 1=

1D %S6) 11°C pue
6’ 1-LST=1D
%56) ¥L'1 40
Q1oMm 3UTY00D
S[IyMm uej uayoiry
' 3uIsn jou pue
sownj [10 Sunj00d
0) a1nsodxa 10§

(5)UONER[NUSA UYL

SaIpn)s
paseq-[eydsoy O

(280°9=U) [o1uod

UWOM 9SU

(910T T8 19 oY) $JO pajood Ay, ON Joosn‘(y)omsodxe )  PUE[ONUO-ISEI ¢ 600T-C66T  “096S°€=U) SsE)  -T(D) SUMOWS-UON BumD
(L91-€€'1
1D %S6) 6t°1
Sem YSLI JoouRd
3un] pue uryooo
J0J 9sn [e0d (SLA)™owsS 055eq0)
JOOpUl U29M)2q [eIUSWUOIIAUD (4 )3ul
UOTBIJ0SSE 009 pue Sunedy S[ONU0D £G6CT
(810T e @ ID a4} 103 O YL ON 10} asn [e0o 1oopu]y 8C ¥10T 010661 PUE 3883 ZOC* | Soxas yrog BUnD
jou sem Jurkyy
-doop searoym
‘100ued Juny JO
NSLIIOYSIY B YHIM
PJBIOOSSE IoM
(68T =YO) Sur
-K1j-ms pue (01
= J0) uonenusA
1004 "9searoul
JueBOYIUIIS OU
Surmoys ‘1°|
sem YO pojood
) ‘uow Jurjood
104 (00T =
JMO) uowom Jur
-yows Arented
urpue (86’1 =
MO) uswom udw Surjood ‘Surkiy
Sunjows-uou ut doap pue (,)3urkiy
100ued 3uny jo Ims :spoyjow Jur
SLI 9y} pasearoul 009 ‘() uone[n saIpnIs (11v6=1)
(8107 'Te 10 ®If) AD 01 amsodxyg ON -UQA JO [9A9] ‘(3)dD [RUOIBAIISQO €7 Sased 190ued Jun soxas ylog it
(4 Se padyIew)so[qeLIBA
Ppoje[aI- D) JUBOYIUSIS
pue s9[qeLIeA Sul psjood
PEN| sSurpuy A9y AI10isTy qof Suryoo)  -jewmss amsodxa D SOIpMIS JO IoqUINN poriag syalgns Apmis  syuedroned jo xag Anuno)

(ponunuoo) | sjqey

-
[
80
=]
k=
o
n
Gll



Page50f9 41

Aerosol and Air Quality Research (2025) 25:41

SLI JJUBDd
Sunj pue sioy
JunyIom uaamIaq
punoj sem Uonerd
-0sse JuedyrusIs
ON (0T'1-98°0
1D %56 ‘10°'T ¥0)
juounsnipe 1ayye
UOTIBIJ0SSE OU
nq (0’1 40)
Suryows 10§ Juow
-)snlpe a10Joq
J20ued 3Uny Jo

sInoy Suppom

SLI PaseaIoul IOIOM UdYOILY 1O S[0NU0d [diitig}
ue pamoys suon )00 © SB PAyIoM JOAD SsaIpnls 6T1°9] pue sased /PUB[EIZ MAN
(S10T T8 19 119319) -ednooo Surjoo) papn[ou]  ‘SOLIO)STY SIOM WY [01)U00-35BD 9 I00ued 3UN] 9/ 1°CT S9Xas yiog repeue)/adoing
suon
-ednooo pajefar
-3un[o0d YIm
POIRIOOSSE 19oUBD
3un[ Jo/pue ssoms
VNA 9A1EpIX0 Jo
JSLI pasearour ue (3)sTeaK-ysIp
poyrodar sarpms U009 (4 )uayoIny
o13ojorwoprda payeredas e Jo yoe|
QAL ‘uomnIppe Uy ‘(%)I0108BIIXd dwny © KemION/puBIUL]
‘190ued Junj Jo JO Yor[‘(4)3urjood Alnerqunion
JSLI AU} pue D 0} Surmp uone)LLI ysnug/aiode3urg
amsodxa usamiaq SoIpMyS 99 ‘(4)3uryood Sarpn)s /3uoy] Suoy
UONRIOOSSE UR [01NU0D-35BD juanbaiy ‘(,)3uryood [#2130[023 /, pue JUeMIR] /RUTYD)
(€107 Auen pue 997)  puUNOJ SAIPNIS OM], JAY UI papnjouf 0) paje[ar AI103S1Y qOf [01U02-3SBD 7T IN IN Soxas ylog ‘S ur sjueidrurwuy
@re-19D¥TC
“yoom 1od Jurkiy
Jo Kouanbaig pue
(60 T8V 9L'T
‘UoNBI0[ Uy
{96T-LTT)
177 ‘Sunjooo (5)y00m 10d
Surmp Jows Surk1y doap jo Kouanb
UayoIy :SMO[[0F -1 ‘(5)udyaIy JO (965 T1=1)
se arm (1D %S6) uonisod “(4)3unjood SaIpnys [onuod UQWIOM ISU
(910 'Te 10 nX) $YO pajood 2y, ON o[IyMm Sows Uy [01U02-058d T 10T 01 G661 ‘(976 T 1=U) SasE]  -IYD SUDOWS-UON BUmD
(4 Se padyIew)so[qeLIBA
Ppoje[aI- D) JUBOYIUSIS
pue s9[qeLIeA Sul psjood
g s3urpuy A9y A103STy qof Suryoo) -Jewns? amsodxa JD  SOIpNIS JO IoquIny poriag syalgns Apmis  syuedroned jo xag Anuno)

(ponunuoo) | sjqey

pringer

As



Aerosol and Air Quality Research (2025) 25:41

Page 6 of 9

41

Aoanoadsar

‘TY'1 PUR 76T
Qrom uonnjod
[eoo pue uonnjjod
JD Ioopur 10§ sen

(100T ‘Te 10 Sueyz) -[ea YO pojood oy, ON

(s)uonnyiod

soIpnjs

(0z§* 1=u) [onuod

UWOM ISU

[e02 pue {0 Ioopuf [01U0O-988d £ 6661 03 0661 -(STI° T=u)9se)  -1yD) Supjows-uoN BUID)
SJI Ut [BOD
3u1Sn 1949 10§
0S°'1 pue ‘uonern
-UdA uayoIry Jood
10J €1°C ‘4D 03
amsodxa J00put (4)oWs 055.q0)
10} 7L ‘[e02 0} [BIUSUWIUOITAUD (4 )]
asodxa Jo0put Ul Pasn JA (768'9=u)
10J 07'€ Q1M 209 ‘(4 )uayoIry S1o1u0d ‘(009°S
(€00 14S pue oex) $¥0 pofood ay, ON Ul uone[nuaA Iy 100T 03 0661 =u) sose) S9Xas yjog BUIUD
(8T €161
IO %S6) TS'T
a1e sanfeA YO
o) ‘amsodxa
Jsnp [e0d JI00pUT
10, "A[oAnoadsar
‘SOXas j0q
puUe uawoMm Ioj
(LO'S—6€°1) 99°C
pue (1+°6—79°0
IO %S6) €8°1 (x)oous 090€qo} Te)
are s pojood -UQWUOIIAUD ‘(4 )UoT) (asaury)
) ‘3unjoood pue -nyjod are J00puy ur g pue yst3ug
3uneay 10§ osn ‘(4)3un{00o pue ur g1) S9Ipms S[ONU0d $848
(9007 ‘Te 12 OvYZ) [BOD P[OYasnOY J0q ON Sumeay 10§ 9sn [0 [ONU02-3s®d /7 $007-S661 pue S3sed €965 Saxas ylog BUIYD
(AN YA
ID %S6 ‘9T 40)
I9oued 3uny jo
YSII PaseaIour ue
)M PIJRIDOSSE
sem 3un{ood pue
Jumneay 10§ TR0 (4)3unjooo pue
(L00TZ Jo asn ay) ey Sureay JIoJ asn poom s[onuod puefreyy,
“[e 32 [I] POOSSOH) PUNOJ SAIPNIS INO ON pue [eOJIRYD ‘[R0D) 9 €90°T Sosed 716 SoXas yjog  ‘Suoy] Suoy ‘eury)
(4 Se padyIew)so[qeLIBA
Ppoje[aI- D) JUBOYIUSIS
pue s9[qeLIeA Sul psjood
PEN| s3urpuy A9y A103STy qof Suryoo) -Jewns? amsodxa JD  SOIpNIS JO IoquIny poriag syalgns Apmis  syuedroned jo xag Anuno)

(ponunuoo) | sjqey

pringer

AQs



Page70of9 41

Aerosol and Air Quality Research (2025) 25:41

A[oAn00dsar ‘(112 ‘911 1D % $6) LS'T PUB (60°+ ‘€91 1D % $6)8S°C ‘(68’1 621 1D % $6) 951

“(91°€ “08°T 1D % S6) 8€°T “(ST'T T T 1D % $6) 16T JO (IEAIANUI SOUIPYUOD %G6) SYO PeY SUISING IxuLeyS pue dursmo Juop3ulf ‘duisimo rey3ueys ‘ursmo uerln,g ‘outsimo oer :s9d) Surjoo),

Suiky-ued pue Sutkij-ms ‘Suiky-yomb ‘Fuily-doop spoyraw Sujoo)y
UOTBULIOJU] ON| JN ‘S[BAIIUT 90UIPYUOD ) (0TI SPPO PAIsnipy YO ‘sowny Surjoo)) ,/) ‘oner prezey pAsnipy Y4V ‘SIONOWS-I2AdU U Jooued Sung SNIDT

(0T = (se1pms)N

TIEs9 1 =10

%56 :LT'T =40)

uemIB], pUuR BUIyD)

pue[UIBW UI INO

PALLIED SAIPNIS

asoy) Suowre

Aprernonaed pue

‘[sT = (serpms)N

‘68°CI9'T =10

%56 *S1°C =3¥0]

Pliom 93 1o

-y3noy) sarpnis

[Te Suoure ySLI

I00ued Juny Yum

(1102 PIRIOOSSE Sem
“[2 10 [I] POOSSOH) SN [20D P[OYISNOH

3unjoos
J[A1s-9sauIy)
woiy uonnjjod
Ire J00pul 0}
amsodxa jo
SQoIpUI JO KjoLreA
© pue YSLI Jooued
Juny usamioq
SUOTJRIOOSSE
(6661 ‘Te 1@ uoyz) aanisod Judlsisuo)

(3)s10)0B1X

awiny Jo asn Ay} ‘(x)
(uoneredas)noker
Uy ‘(4 )3ur
=002 pojIe)s o3k
‘(4)3urk1y-doop 10
‘urkay ‘Surkig-ms

Jjo Aouanbaiy oy,

MopuIm Jo eare
‘Kep/owoy je s[eaw Jo
IoquINU ‘(4)SI0JOBIIXD
auny ‘(4 )(uonyeredas)
JnoAe] uayMIY ‘(4 )3ur
009 payIels ATy
“(4)Surkay-doop
1o ‘Fuiky ‘Suikiy

-1ms Jo Aouanbaig

£6C

SoIpnIs

[OI)U0D-35ED G

saIpnys
[OTUO0D-3SBD 6

¥00C-1861

¥661-C861

STONUOD 9THCT
pue sased gy 101

IN

[e10],

ueme], pue eury)

Soxas yjog ‘odoing ‘eoryy

soxas ylog g

g s3urpuy A9y A103STy qof Suryoo)

(4 Se padyIew)so[qeLIBA
Ppoje[aI- D) JUBOYIUSIS
pue sa[qeLeA 3ur
-Jewnse amsodxe 4D

psjood
SOIPM)S JO JoqUUON]

poLg

s100lqns Apmig

sjuedronred jo xog Anuno)

(ponunuoo) | sjqey

pringer

As



41 Page8o0f9

Aerosol and Air Quality Research (2025) 25:41

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, 12 =
66%) was associated with an increased risk of lung cancer,
whereas deep-frying (OR = 1.41,95% C10.87,2.29,12 =
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

@ Springer

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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