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Abstract
Red	meat	 and	 processed	meat	 have	 been	 suggested	 to	 increase	 risk	 of	 colorectal	
cancer	 (CRC),	 especially	 colon	 cancer.	 However,	 it	 remains	 unclear	whether	 these	
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1  | INTRODUC TION

Meat	 is	 one	 of	 the	 staple	 foods	 of	 the	 human	diet,	 containing	 a	
good	source	of	protein	and	several	vitamins	and	minerals,	 and	 is	
a	supplier	of	 fat.1	Although	meat	contains	a	high	biological	value	
of	protein	and	essential	micronutrients	 for	a	well‐balanced	diet,1 
high	 intake	 of	 meat,	 especially	 red	 and	 processed	meat,	 has	 re‐
ceived	 increasing	attention	as	a	 risk	 factor	of	CRC,2	which	 is	 the	
third	most	common	cancer	worldwide.3,4	In	2015,	the	IARC	classi‐
fied	processed	meat	as	carcinogenic	to	humans	(Group	1)	and	red	
meat	as	probably	carcinogenic	 to	humans	 (Group	2A).5	Although	
the	panel	of	IARC	concluded	that	red	meat	is	a	probable	cause	and	
processed	meat	is	a	convincing	cause	of	colon	cancer,	no	conclu‐
sion	was	drawn	for	rectal	cancer.

Epidemiological	 evidence	 is,	 however,	 not	 entirely	 consistent.	
According	 to	 the	systematic	 reviews	and	meta‐analyses,	 some	ob‐
served	 a	 significant	 positive	 association,6‐9	 whereas	 others	 failed	
to	confirm	the	associations	of	CRC	with	intake	of	red	meat10‐12 and 
processed	meat.13	Given	that	the	fat	content	and	the	total	amount	
of	heme	iron,	which	is	a	potent	carcinogenic	agent,14	vary	according	
to	red	meat	subtypes,15,16	the	risk	of	CRC	and	its	subsites	could	vary	
across	red	meat	subtypes.	Epidemiological	evidence	on	this	issue	is	
limited	and	conflicting.	Specifically,	a	meta‐analysis	of	5	prospective	
studies	 found	 an	 increased	 risk	 for	CRC	or	 colon	 cancer	with	 the	
intake	of	beef,	but	not	of	pork.17	 In	contrast,	a	 recent	prospective	
study	in	the	Swedish	population	reported	that	pork	intake	was	as‐
sociated	with	an	increased	risk	of	colon	cancer,	whereas	beef	intake	
was	associated	with	a	decreased	risk	of	colon	cancer.18	Additionally,	

few	studies	examined	meat‐CRC	risk	association	by	subsites	of	the	
colon.19,20

In	Japan,	CRC	is	the	third	most	common	cancer	type	in	men	and	
the	second	 in	women.21	 In	 spite	of	westernization	of	 lifestyle	and	
diet,22	the	amount	of	red	meat	 intake	is	still	much	lower	than	that	
of	 populations	 in	Europe	 and	America.23,24	Based	on	 a	 systematic	
review,	 we	 previously	 reported	 a	 positive	 association	 of	 high	 in‐
take	of	red	and	processed	meat	with	the	moderate	increased	risk	of	
CRC	among	Japanese	individuals.8	That	study,	however,	did	not	use	
uniform	classification	and/or	categorization	of	meat	intake	and	did	
not	control	uniformly	for	potentially	important	confounding	factors	
across	the	participating	cohorts.

Here,	we	 report	a	pooled	analysis	of	 the	 relationship	between	
intake	of	meat	and	its	subtypes	with	cancer	risk	of	the	colorectum	
and	its	subsites	among	356	038	participants	of	6	large	population‐
based	cohort	studies	in	Japan,	by	using	the	same	exposure	category	
and	adjusting	for	the	same	set	of	covariates	across	the	studies.	We	
hypothesized	that	higher	intake	of	red	meat	and	its	subtypes	(beef	or	
pork)	and	processed	meat	is	associated	with	increased	risk	of	colon	
cancer.

2  | MATERIAL S AND METHODS

2.1 | Study populations

The	Research	Group	for	the	Development	and	Evaluation	of	Cancer	
Prevention	 Strategies	 in	 Japan	 has	 been	 undertaking	 pooled	 analy‐
ses	 using	 original	 data	 from	 major	 cohort	 studies	 to	 examine	 the	
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associations	differ	according	to	meat	subtypes	or	colon	subsites.	The	present	study	
addressed	this	issue	by	undertaking	a	pooled	analysis	of	large	population‐based	co‐
hort	studies	in	Japan:	5	studies	comprising	232	403	participants	(5694	CRC	cases)	for	
analysis	based	on	frequency	of	meat	intake,	and	2	studies	comprising	123	635	partici‐
pants	(3550	CRC	cases)	for	analysis	based	on	intake	quantity.	Study‐specific	hazard	
ratios	(HRs)	and	95%	confidence	intervals	(CIs)	were	estimated	using	the	Cox	propor‐
tional	hazards	model	and	then	pooled	using	the	random	effect	model.	Comparing	the	
highest	vs	lowest	quartile,	beef	intake	was	associated	with	an	increased	risk	of	colon	
cancer	in	women	(pooled	HR	1.20;	95%	CI,	1.01‐1.44)	and	distal	colon	cancer	(DCC)	
risk	in	men	(pooled	HR	1.30;	95%	CI,	1.05‐1.61).	Frequent	intake	of	pork	was	associ‐
ated	with	an	 increased	risk	of	distal	colon	cancer	 in	women	(pooled	HR	1.44;	95%	
CI,	1.10‐1.87)	for	“3	times/wk	or	more”	vs	“less	than	1	time/wk”.	Frequent	intake	of	
processed	red	meat	was	associated	with	an	increased	risk	of	colon	cancer	in	women	
(pooled	HR	1.39;	95%	CI,	0.97‐2.00;	P	trend	=	.04)	for	“almost	every	day”	vs	“less	than	
1	time/wk”.	No	association	was	observed	for	chicken	consumption.	The	present	find‐
ings	support	that	intake	of	beef,	pork	(women	only),	and	processed	red	meat	(women	
only)	might	be	associated	with	a	higher	risk	of	colon	(distal	colon)	cancer	in	Japanese.

K E Y W O R D S

colon	cancer,	pooled	analysis,	processed	meat,	rectal	cancer,	red	meat	subtype
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associations	between	lifestyle	and	major	forms	of	cancers	in	Japanese	
individuals	 since	 2006.	 To	 maintain	 high	 quality	 and	 comparability	
of	data,	the	following	inclusion	criteria	were	defined	as	a	priority	for	
the	present	 analysis:	 population‐based	 cohort	 studies	 carried	out	 in	
Japan,	studies	initiated	between	the	mid‐1980s	and	mid‐1990s,	stud‐
ies	with	more	than	30	000	participants,	studies	that	obtained	dietary	
information	including	meat	intake	in	a	baseline	survey	with	a	validated	
questionnaire,	and	studies	that	collected	incidence	data	for	CRC	dur‐
ing	a	follow‐up	period.	We	identified	the	following	7	studies	that	met	
these	criteria:	(i)	JPHC	I;25	(ii)	JPHC	II;25	(iii)	JACC;26	(iv)	MIYAGI;27	(v)	
OHSAKI;28	 (vi)	JPHC‐5y;25	and	(vii)	TAKAYAMA.29	We	excluded	par‐
ticipants	with	missing	information	on	meat	intake	and	with	a	history	of	
cancer	at	baseline	in	each	cohort	and	those	with	any	missing	data	on	
covariates,	resulting	in	a	sizable	reduction	in	the	number	included	in	the	
analytic	cohort.	Each	study	was	approved	by	the	relevant	institutional	
ethical	review	boards.	The	MIYAGI,30	JPHC,31	and	TAKAYAMA32	stud‐
ies	have	already	 reported	 results	on	 the	associations	between	meat	
intake	and	CRC	risk.	For	the	present	analysis,	we	reanalyzed	the	up‐
dated	dataset	 for	MIYAGI,	 JPHC,	and	TAKAYAMA	studies.	Selected	
characteristics	of	these	cohort	studies	are	shown	in	Table	1.

2.2 | Case ascertainment

Participants	were	followed	from	the	baseline	survey	(JPHC	I,	1990;	
JPHC	II,	1993‐1994;	JACC,	1988‐1990;	MIYAGI,	1990;	OHSAKI,1994;	
JPHC‐5y,	1995‐1999;	TAKAYAMA,	1992)	to	the	last	follow‐up	data	
for	 cancer	 incidence	 (JPHC	 I,	 2013;	 JPHC	 II,	 2013;	 JACC,	 2009;	
MIYAGI,	2007;	OHSAKI,	2008;	JPHC‐5y,	2013;	TAKAYAMA,	2008)	
in	each	study.	Residence	status	in	each	study,	including	survival,	was	
confirmed	through	the	residential	registry.	Information	on	the	cause	
of	death	was	obtained	from	death	certificates,	coded	according	to	
the	International	Classification	of	Diseases,	Tenth	Revision.33	Cases	
were	 coded	 according	 to	 ICD‐O‐3.34	 The	 study	 outcome	was	 de‐
fined	 as	 incident	CRC	 (ICD‐O‐3	 codes	C18.0‐18.9,	 C19,	 and	C20),	
colon	 cancer	 (ICD‐O‐3	 codes	 C18.0‐18.9),	 rectal	 cancer	 (ICD‐O‐3	
codes	C19.9,	and	C20.9),	PCC	(ICD‐O‐3	codes	C18.0‐18.5),	and	DCC	
(ICD‐O‐3,	 codes	 C18.6‐18.7)	 diagnosed	 during	 the	 respective	 fol‐
low‐up	periods	of	each	study.

2.3 | Assessment of meat intake

Meat	intake	was	assessed	using	self‐administered	questionnaires.	In	
5	studies	(JPHC	I	[baseline],	JPHC	II	[baseline],	JACC,	MIYAGI,	and	
OHSAKI),	intake	of	beef,	pork,	processed	meat	(ham,	sausage),	and	
chicken	was	asked	in	terms	of	frequency	and	divided	into	4	catego‐
ries	(<1	time/wk,	1‐2	times/wk,	3‐4	times/wk,	or	almost	every	day).	
In	 the	other	2	 studies	 (JPHC‐5y	 and	TAKAYAMA),	where	detailed	
dietary	 data	 are	 available,	 intake	 of	 unprocessed	 red	 meat	 (beef	
and	pork),	beef,	pork,	chicken,	and	processed	meat	 (ham,	sausage)	
was	quantified	and	categorized	according	 to	quartiles	within	each	
cohort.	 Correlation	 coefficient	 between	 meat	 intake	 assessed	 by	
the	questionnaire	and	the	dietary	record	was	as	follows:	beef,	0.43	
in	men	and	0.53	in	women;	pork,	0.42	in	men	and	0.38	in	women;	

processed	meat,	0.45	 in	men	and	0.35	 in	women;	chicken,	0.20	 in	
men	and	0.27	in	women	for	JPHC‐5y35;	and	total	meat,	0.18	in	men	
and	0.62	in	women;	red	meat,	0.21	in	men	and	0.54	in	women;	and	
processed	meat,	0.58	in	men	and	0.69	in	women	for	the	TAKAYAMA	
study.32	Dietary	questionnaires	used	have	been	validated	against	di‐
etary	records	in	all	participating	cohorts	except	OHSAKI,	which	used	
the	same	questions	on	meat	intake	as	MIYAGI.

2.4 | Statistical analysis

Person‐years	of	 follow‐up	were	 calculated	 from	 the	date	of	 base‐
line	survey	in	each	study	until	the	date	of	CRC	diagnosis,	migration	
from	the	study	area,	death,	or	the	end	of	follow‐up,	whichever	came	
first.	In	each	individual	study,	Cox	proportional	hazards	models	were	
used	to	estimate	the	HRs	and	95%	CIs	of	CRC	or	 its	subsites.	The	
HRs	were	computed	for	the	second	through	the	highest	category	vs	
the	lowest	category	of	meat	intake.	All	studies	estimated	2	types	of	
HRs:	 age	 (years,	 continuous)	 and	area‐adjusted	 (within	each	 study	
for	 JPHC‐I,	 JPHC‐II,	 and	 JACC)	HR	 and	multivariate‐adjusted	HR.	
The	multivariable‐adjusted	model	 included,	 in	 addition	 to	 age	 and	
area	adjustments,	history	of	diabetes	 (yes	or	no),	body	mass	 index	
(14	to	<18.5,	18.5	to	<22,	22	to	<25,	25	to	<30,	or	30	to	<40	kg/m2),	
smoking	status	(for	men,	never	smoker,	past	smoker,	current	smoker	
of	1‐19,	or	≥20	cigarettes/d;	for	women,	never	smoker,	past	smoker,	
or	current	smoker),	alcohol	drinking	(for	men,	never/former	drinker,	
occasional	drinker	of	<once/wk,	or	current	drinker	of	<23,	23	to	<46,	
46	to	<69,	69	to	<92,	or	≥92	ethanol	g/d;	for	women,	never/former	
drinker,	occasional	drinker	of	<once/wk,	or	 current	drinker	of	<23	
or	≥23	ethanol	g/d),	and	nonoccupational	physical	activity	 (JPHC	I	
and	JPHC	II,	almost	never,	1‐3	d/mo,	or	≥1	d/wk;	JACC,	MIYAGI,	and	
OHSAKI,	almost	never	or	≥1	h/wk;	JPHC‐5y,	metabolic	equivalent	
task‐hour,	 quartiles;	 TAKAYAMA,	 no,	 1‐2,	 or	 ≥2	 h/wk),	 log‐trans‐
formed	 energy	 intake	 (continuous),	 calcium	 (quartiles),	 and	 fiber	
(quartiles).	An	indicator	term	for	missing	data	was	created	for	each	
covariate.	We	 undertook	 a	 sensitivity	 analysis	 by	 excluding	 cases	
diagnosed	 within	 3	 years	 of	 baseline.	 The	 trend	 association	 was	
assessed	by	calculating	 the	regression	coefficient	and	 its	standard	
error	 of	 linear	 trend	 in	 each	model,	with	 ordinal	 numbers	 0‐3	 as‐
signed	to	the	4	categories	of	intake	frequency	or	quartiles	of	meat	
intake.	The	proportional	hazards	assumption	was	examined	for	each	
study	in	a	stepwise	manner	for	the	analyses	of	our	primary	hypoth‐
esis	(for	the	association	of	red	meat	and	its	subtypes	and	processed	
meat	with	risk	of	colon	cancer).	 In	the	first	step,	we	tested	the	as‐
sumption	 by	 including	 a	 product	 term	 between	 each	 exposure	 of	
interest	and	follow‐up	period	in	the	models	(SAS;	SAS	Institute)	or	
by	using	the	Schoenfeld	residuals	method	(Stata;	Stata	Corporation),	
depending	on	software	available	 in	each	cohort.	 If	the	violation	of	
the	assumption	was	suggested	(P	<	.05),	we	assessed	graphically	by	
plotting	Schoenfeld	residuals	for	each	exposure	of	interest	vs	time.	
We	 confirmed	 that	 proportional	 hazards	 assumption	was	 not	 vio‐
lated	 in	all	except	for	the	association	of	beef	 intake	with	CRC	and	
colon	cancer	in	women	for	the	TAKAYAMA	study.	All	the	analyses	
were	carried	out	using	SAS	or	Stata	statistical	software.
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Resultant	HRs	from	all	of	the	5	cohorts	(JPHC	I,	JPHC	II,	JACC,	
MIYAGI,	and	OHSAKI)	for	frequency	of	meat	intake	and	those	from	2	
cohorts	(JPHC‐5y	and	TAKAYAMA)	for	quantity	of	meat	intake	were	
each	 combined	using	 a	 random	effects	model.36	A	 study	 that	had	
no	cases	for	a	category	was	not	included	in	the	pooled	estimate	for	
that	category.	For	PCC	and	DCC,	due	to	few	or	no	cases	in	“almost	
every	 day”	 category,	 pooled	 estimate	was	 obtained	 by	 combining	
“3‐4	times/wk”	and	“almost	every	day”	categories.	Trend	association	
was	assessed	by	combining	the	regression	coefficients	and	standard	
errors	of	linear	trend	across	the	participating	cohorts	by	a	random	
effects	model.	The	extent	of	heterogeneity	for	each	category	was	
indicated	by	Cochran's	Q	statistic,36	which	was	considered	statisti‐
cally	significant	when	the	P	value	was	less	than	.10.	The	I2	statistic	
was	also	reported	to	describe	the	percentage	of	total	variation	in	the	
study‐specific	HRs,	which	was	due	to	heterogeneity.	We	used	the	
“metan”	command	in	Stata	for	the	meta‐analysis.

3  | RESULTS

Analysis	 based	 on	 frequency	 of	 meat	 intake	 included	 5	 cohort	
studies	 comprising	 232	 403	 participants	 and	 5694	CRC	 cases	 for	
1	 815	 617	 person‐years	 (average)	 of	 follow‐up,	 whereas	 analysis	
based	on	quantity	of	meat	intake	included	2	cohort	studies	compris‐
ing	123	635	participants	and	3550	CRC	cases	for	903	087	person‐
years	(average)	of	follow‐up	(Table	1).

In	the	analyses	of	frequency	of	meat	intake,	we	found	no	sta‐
tistically	significant	associations	of	any	type	of	meat	with	cancer	
risk	of	colorectum	and	its	subsites	in	men	(Table	2	and	Table	S1).	In	
women	(Table	3),	processed	red	meat	was	significantly	associated	
with	an	 increased	 risk	of	CRC:	 the	multivariable‐adjusted	HR	 for	
“almost	every	day”	vs	“<1	time/wk”	was	1.33	(95%	CI,	1.001‐1.76;	
P	trend	=	.12).	The	association	was	somewhat	strengthened	after	
excluding	cases	diagnosed	within	3	years	of	the	baseline	(HR,	1.42;	
95%	CI,	1.04‐1.96;	P	 trend	=	 .18)	 (Table	S2).	This	association	was	
observed	only	for	colon	cancer:	multivariable‐adjusted	HR	for	“al‐
most	every	day”	vs	 “<1	 time/wk”	was	1.39	 (95%	CI,	0.97‐2.00;	P 
trend	=	.04)	but	not	for	rectal	cancer.	By	combining	the	category	
of	“3‐4	times/wk”	and	“almost	every	day”	in	the	colon	subsite	anal‐
ysis,	beef	intake	was	associated	with	increased	risk	of	DCC	in	the	
age‐	 and	 area‐adjusted	 model:	 pooled	 HR	 for	 “3‐4	 times/wk	 or	
more”	vs	“<1	time/wk”	was	1.48	 (95%	CI,	1.03‐2.11).	This	associ‐
ation	was	attenuated	and	became	statistically	nonsignificant	after	
adjusting	for	all	the	potential	confounding	factors.	Frequent	pork	
intake	was	associated	with	an	increased	risk	of	DCC:	the	multivari‐
able‐adjusted	HR	for	“3‐4	times/wk	or	more”	vs	“<1	time/wk”	was	
1.44	(95%	CI,	1.10‐1.87;	P	trend	=	.07).	Additionally,	a	weak,	albeit	
not	 significant,	 positive	association	was	 found	 for	processed	 red	
meat	and	DCC	risk:	the	multivariable‐adjusted	HR	for	“3‐4	times/
wk	or	more”	vs	“<1	time/wk”	was	1.30	(95%	CI,	0.99‐1.71).	We	also	
noticed	that,	after	excluding	cases	diagnosed	within	3	years	of	the	
baseline,	 chicken	 intake	was	 associated	with	 a	 decreased	 risk	 of	
CRC	(pooled	HR	for	“almost	every	day”	vs	“<1	time/wk”	was	1.04	

[95%	 CI,	 0.66‐1.63;	 P	 trend	 =	 .03])	 or	 PCC	 (pooled	 HR	 for	 “3‐4	
times/wk	or	more”	vs	“<1	time/wk”	was	0.71	[95%	CI,	0.55‐0.91;	P 
trend	=	.01])	(Table	S2).

As	 regards	quantity‐based	analysis	 in	men	 (Table	4),	 beef	 in‐
take	was	significantly	and	positively	associated	with	risk	of	DCC	
in	 men:	 the	 multivariable‐adjusted	 HR	 in	 the	 highest	 vs	 lowest	
quartile	of	beef	intake	was	1.30	(95%	CI,	1.05‐1.61;	P‐trend	=	.02).	
The	 result	 was	 virtually	 unchanged	 after	 excluding	 cases	 diag‐
nosed	within	3	years	of	the	baseline	(HR,	1.29;	95%	CI,	1.03‐1.61;	
P	trend	=	.04)	(Table	S3).	In	women	(Tables	5	and	S4),	colon	can‐
cer	was	 significantly	 and	 positively	 associated	with	 beef	 intake:	
the	multivariable‐adjusted	HR	 for	 the	highest	 vs	 lowest	 quartile	
of	beef	intake	was	1.20	(95%	CI,	1.01‐1.44;	P‐trend	=	.11).	A	sim‐
ilar	association	was	found	for	colon	cancer	when	beef	intake	was	
treated	 as	 a	 continuous	 variable:	 the	 multivariable‐adjusted	 HR	
for	 100‐g	 increase	 of	 beef	 intake	was	 1.60	 (95%	CI,	 1.04‐2.46).	
However,	no	association	was	observed	for	PCC	and	DCC	with	any	
type	of	meat	intake.	We	undertook	a	sensitivity	analysis	after	ex‐
cluding	the	TAKAYAMA	study,	in	which	Cox	proportional	hazards	
assumption	was	violated	in	women	for	the	association	of	beef	in‐
take	with	CRC	and	colon	cancer,	 and	 found	a	 similar	association	
(the	multivariable‐adjusted	HR	for	the	highest	vs	 lowest	quartile	
of	beef	intake	was	1.11	[95%	CI,	0.93‐1.33]	for	CRC	and	1.23	[95%	
CI,	1.00‐1.52]	for	colon	cancer).

4  | DISCUSSION

In	 this	 pooled	 analysis	 involving	 356	 038	 participants	 and	 9244	
incident	 cases	of	CRC	 from	6	 large‐scale	population‐based	cohort	
studies	in	Japan,	higher	intake	of	total	red	meat	was	not	significantly	
associated	with	an	increased	risk	of	CRC	and	its	subsites	in	both	men	
and	women.	In	the	analysis	for	each	subtype	of	red	meat,	we	found	
a	 significant	 positive	 association	 between	 beef	 intake	 (quantity)	
and	 risk	 for	 colon	 cancer	 among	women	 and	 risk	 for	DCC	 among	
men	 and	pork	 intake	 (frequency)	 and	 risk	 for	DCC	 in	women.	We	
observed	that	the	frequent	intake	of	processed	red	meat	was	associ‐
ated	with	an	increased	risk	for	CRC	or	colon	cancer	among	women.	
There	was	no	association	for	chicken.

Contrary	 to	our	prior	expectation,	 total	 intake	of	 red	meat	was	
not	appreciably	associated	with	CRC	and	 its	subsites.	 In	an	analysis	
by	specific	meat	based	on	quantitative	 intake	estimate,	we	found	a	
significantly	increased	risk	of	cancer	of	the	colon	(women)	and	distal	
colon	(men)	associated	with	high	beef	intake,	and	results	based	on	fre‐
quency	of	meat	intake	were	also	suggestive	of	the	beef‐colon	cancer	
association	in	women.	As	regards	pork	intake,	there	was	a	significantly	
increased	risk	of	DCC	associated	with	its	frequent	intake	(“3‐4	times/
wk	or	more”)	in	women,	whereas	no	such	elevation	was	observed	in	
the	highest	quartile	of	meat	intake	in	both	sexes.	This	seemingly	more	
consistent	association	with	beef	than	with	pork	agrees	with	the	re‐
sults	of	a	meta‐analysis,17	showing	an	increased	risk	of	colon	cancer	
associated	with	high	intake	of	beef,	but	not	with	pork.	Accumulating	
evidence	from	experimental	studies	indicates	that	heme	iron	plays	a	
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crucial	role	 in	colon	carcinogenesis.14,37,38	The	heme	iron	stimulates	
endogenous	formation	of	NOCs,37	which	increases	the	proliferation	
of	the	colonic	epithelium	and	the	production	of	cytotoxic	aldehydes	
by	the	process	of	lipid	peroxidation.37,38	A	meta‐analysis	of	prospec‐
tive	studies	also	provided	data	to	support	a	role	of	heme	iron	in	colon	
carcinogenesis.39	The	higher	amount	of	heme	iron	in	beef	compared	
with	other	meat15	could	partly	account	for	the	more	consistent	asso‐
ciation	between	beef	intake	and	colon	cancer	risk.

In	the	analyses	by	colon	subsite,	we	observed	an	increased	risk	
of	 cancer	 associated	with	 red	meat	 type	 (beef	 intake	 in	men	 and	
pork	 intake	 in	women)	 for	DCC	but	 not	 for	 PCC.	 This	 differential	
association	by	colon	subsite	agrees	with	findings	of	a	meta‐analysis	
of	7	prospective	studies,	which	reported	a	stronger	association	of	
DCC	than	PCC	with	red	meat	intake.40	Such	differential	association	
by	colon	subsite	has	been	ascribed	 to	different	exposure	 levels	 to	
potential	 carcinogens.	 Specifically,	 the	 concentrations	 of	 bile	 acid	

TA B L E  2  Pooled	multivariate	hazard	ratios	and	95%	confidence	intervalsa	for	the	association	between	meat	consumption	(frequency)	and	
colorectal	cancer	in	men

Meat types

Meat intake, frequency

P for trend Heterogeneityc  P, I2 (%)<1 time/wk 1‐2 times/wk 3‐4 times/wkb Almost every day

Colorectal cancer

Beef 1.00	(Ref.) 1.02	(0.93‐1.11) 0.99	(0.78‐1.27) 1.05	(0.68‐1.63) .99 .89,	0.0

Pork 1.00	(Ref.) 1.05	(0.95‐1.16) 0.99	(0.88‐1.11) 0.98	(0.77‐1.26) .71 .80,	0.0

Processed	red	
meat

1.00	(Ref.) 0.93	(0.85‐1.01) 0.90	(0.79‐1.02) 1.13	(0.91‐1.41) .36 .55,	0.0

Chicken 1.00	(Ref.) 0.95	(0.82‐1.09) 0.97	(0.80‐1.17) 1.01	(0.72‐1.41) .59 .39,	3.4

Colon cancer

Beef 1.00	(Ref.) 1.00	(0.88‐1.14) 0.98	(0.78‐1.24) 1.10	(0.61‐1.97) .68 .61,	0.0

Pork 1.00	(Ref.) 1.10	(0.98‐1.23) 1.03	(0.89‐1.20) 0.99	(0.68‐1.43) .87 .27,	23.0

Processed	red	
meat

1.00	(Ref.) 0.93	(0.83‐1.03) 0.93	(0.79‐1.10) 1.18	(0.78‐1.79) .78 .07,	54.6

Chicken 1.00	(Ref.) 0.95	(0.81‐1.10) 1.00	(0.76‐1.32) 0.80	(0.51‐1.25) .66 .95,	0.0

Rectal cancer

Beef 1.00	(Ref.) 1.04	(0.89‐1.21) 1.01	(0.76‐1.33) 1.32	(0.68‐2.56) .59 .94,	0.0

Pork 1.00	(Ref.) 0.96	(0.79‐1.16) 0.93	(0.74‐1.17) 1.05	(0.72‐1.53) .74 .72,	0.0

Processed	red	
meat

1.00	(Ref.) 0.93	(0.77‐1.13) 0.86	(0.69‐1.07) 1.11	(0.77‐1.62) .39 .75,	0.0

Chicken 1.00	(Ref.) 0.93	(0.81‐1.07) 0.91	(0.74‐1.13) 1.47	(0.92‐2.36) .76 .47,	0.0

Proximal colon cancer

Beef 1.00	(Ref.) 0.98	(0.77‐1.25) 1.02	(0.75‐1.37) .78 .48,	0.0

Pork 1.00	(Ref.) 1.05	(0.88‐1.25) 1.05	(0.86‐1.28) .70 .88,	0.0

Processed	red	
meat

1.00	(Ref.) 1.05	(0.89‐1.24) 1.07	(0.86‐1.33) .67 .84,	0.0

Chicken 1.00	(Ref.) 1.02	(0.87‐1.21) 1.01	(0.74‐1.38) .83 .12,	36.9

Distal colon cancer

Beef 1.00	(Ref.) 0.98	(0.81‐1.19) 1.15	(0.87‐1.51) .74 .65,	0.0

Pork 1.00	(Ref.) 1.22	(0.89‐1.69) 1.02	(0.84‐1.25) .79 .66,	0.0

Processed	red	
meat

1.00	(Ref.) 0.82	(0.71‐0.96) 0.98	(0.75‐1.27) .42 .12,	36.5

Chicken 1.00	(Ref.) 0.88	(0.69‐1.12) 0.91	(0.74‐1.13) .38 .76,	0.0

aAdjusted	for	age	(years,	continuous),	area,	history	of	diabetes	(yes	or	no),	body	mass	index	(14	to	<18.5,	18.5	to	<22,	22	to	<25,	25	to	<30,	or	30	to	
<40	kg/m2),	smoking	status	(never	smoker,	past	smoker,	current	smoker	of	1‐19,	or	≥20	cigarettes/d),	alcohol	drinking	(never/former	drinker,	occasional	
drinker	of	<once/wk,	or	current	drinker	of	<23,	23	to	<46,	46	to	<69,	69	to	<92,	or	≥92	ethanol	g/d),	nonoccupational	physical	activity	(Japan	Public	
Health	Center‐based	Prospective	Study	I	and	II,	almost	never,	1‐3	d/mo,	or	≥1	d/wk;	Japan	Collaborative	Cohort	Study,	Miyagi	Cohort	Study,	and	Ohsaki	
National	Health	Insurance	Cohort	Study,	almost	never	or	≥1	h/wk),	log‐transformed	energy	intake	(continuous),	calcium	(quartiles),	and	fiber	(quartiles).	
bPooled	estimate	was	obtained	by	combining	“3‐4	times/wk”	and	“almost	every	day”	categories	for	proximal	and	distal	colon	cancer.	
cFor	the	highest	category.	
Ref.,	reference.
HRs	values	in	bold	show	statistical	significance.
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metabolites	are	higher	in	the	right	than	in	the	left	side	of	the	colon,	
whereas	those	of	a	marker	of	exposure	to	potentially	carcinogenic	
NOCs	are	higher	 in	the	distal	than	in	the	proximal	colonic	DNA	of	
CRC	patients.41,42	Animal	studies	show	that	endogenous	N‐nitrosa‐
tion	 in	 the	colon	 is	dependent	on	 the	gut	 flora43	 and	 is	most	effi‐
cient	at	neutral	pH.44	Given	the	higher	proportion	of	bacteria	and	
pH	in	the	distal	colon	than	in	the	proximal	colon,45	the	production	of	
NOCs	might	be	higher	in	the	distal	colon.

We	 found	 an	 increased	 risk	of	CRC	or	 colon	 cancer	with	 the	
frequent	intake	(almost	every	day)	of	processed	red	meat	and	risk	
in	women	but	not	in	men.	Accumulating	evidence	from	meta‐anal‐
yses	 consistently	 reported	 an	 increased	 risk	 of	 CRC	with	 higher	
intake	of	processed	red	meat,7,19,46	although	these	studies	did	not	
present	the	association	by	sex.	Our	findings	were	also	compatible	
with	a	recent	meta‐analysis	of	2	large	cohorts	(the	Nurses’	Health	
Study	and	Health	Professional	Follow‐Up	Study),	which	reported	

TA B L E  3  Pooled	multivariate	hazard	ratios	and	95%	confidence	intervalsa 	for	the	association	between	meat	consumption	(frequency)	
and	colorectal	cancer	in	women

Meat types

Meat intake in frequency

P for trend
Heterogeneityc  
P, I2 (%)<1 time/wk 1‐2 times/wk 3‐4 times/wkb Almost every day

Colorectal cancer

Beef 1.00	(Ref.) 0.99	(0.89‐1.11) 1.07	(0.88‐1.31) 1.19	(0.67‐2.12) .78 .51,	0.0

Pork 1.00	(Ref.) 1.06	(0.91‐1.24) 1.12	(0.98‐1.29) 1.03	(0.75‐1.41) .44 .46,	0.0

Processed	red	
meat

1.00	(Ref.) 1.06	(0.95‐1.17) 1.11	(0.94‐1.30) 1.33 (1.001‐1.76) .12 .40,	1.3

Chicken 1.00	(Ref.) 0.94	(0.85‐1.05) 0.89	(0.76‐1.03) 1.01	(0.68‐1.49) .07 .49,	0.0

Colon cancer

Beef 1.00	(Ref.) 0.96	(0.84‐1.09) 1.03	(0.82‐1.31) 1.16	(0.55‐2.47) .66 .42,	0.0

Pork 1.00	(Ref.) 1.02	(0.89‐1.18) 1.16	(0.99‐1.37) 0.91	(0.62‐1.35) .45 .57,	0.0

Processed	red	
meat

1.00	(Ref.) 1.05	(0.93‐1.19) 1.17	(0.98‐1.40) 1.39	(0.97‐2.00) .04 .34,	12.3

Chicken 1.00	(Ref.) 0.96	(0.85‐1.08) 1.00	(0.76‐1.32) 0.98	(0.54‐1.75) .20 .30,	17.8

Rectal cancer

Beef 1.00	(Ref.) 1.10	(0.89‐1.35) 1.23	(0.83‐1.80) 2.12	(0.86‐5.18) .19 .99,	0.0

Pork 1.00	(Ref.) 1.10	(0.90‐1.34) 1.04	(0.80‐1.35) 1.38	(0.81‐2.35) .78 .76,	0.0

Processed	red	
meat

1.00	(Ref.) 1.07	(0.89‐1.29) 0.98	(0.63‐1.53) 1.17	(0.69‐2.00) .75 .92,	0.0

Chicken 1.00	(Ref.) 0.91	(0.72‐1.15) 0.89	(0.62‐1.27) 1.43	(0.56‐3.70) .43 .19,	37.6

Proximal colon cancer

Beef 1.00	(Ref.) 0.94	(0.79‐1.13) 1.13	(0.83‐1.53) .77 .65,	0.0

Pork 1.00	(Ref.) 0.94	(0.79‐1.11) 0.98	(0.80‐1.19) .63 .81,	0.0

Processed	red	
meat

1.00	(Ref.) 1.05	(0.89‐1.24) 1.20	(0.87‐1.65) .54 .05,	48.4

Chicken 1.00	(Ref.) 0.96	(0.82‐1.13) 0.74 (0.56‐0.97) .05 .30,	16.2

Distal colon cancer

Beef 1.00	(Ref.) 1.07	(0.85‐1.33) 1.31	(0.90‐1.91) .53 .65,	0.0

Pork 1.00	(Ref.) 1.29	(0.97‐1.73) 1.44 (1.10‐1.87) .07 .88,	0.0

Processed	red	
meat

1.00	(Ref.) 1.11	(0.84‐1.47) 1.30	(0.99‐1.71) .15 .98,	0.0

Chicken 1.00	(Ref.) 0.96	(0.78‐1.20) 1.25	(0.94‐1.65) .61 .89,	0.0

aAdjusted	for	age	(years,	continuous),	area,	history	of	diabetes	(yes	or	no),	body	mass	index	(14	to	<18.5,	18.5	to	<22,	22	to	<25,	25	to	<30,	or	30	to	
<40	kg/m2),	smoking	status	(never	smoker,	past	smoker,	or	current	smoker),	alcohol	drinking	(never/former	drinker,	occasional	drinker	of	<once/wk,	
or	current	drinker	of	<23	or	≥23	ethanol	g/d),	non‐occupational	physical	activity	(Japan	Public	Health	Center‐based	Prospective	Study	I	and	II,	almost	
never,	1‐3	d/mo,	or	≥1	d/wk;	Japan	Collaborative	Cohort	Study,	Miyagi	Cohort	Study,	and	Ohsaki	National	Health	Insurance	Cohort	Study,	almost	
never	or	≥1	h/wk),	log‐transformed	energy	intake	(continuous),	calcium	(quartiles),	and	fiber	(quartiles).	
bPooled	estimate	was	obtained	by	combining	“3‐4	times/wk”	and	“almost	every	day”	categories	for	proximal	and	distal	colon	cancer.	
cFor	the	highest	category.	
Ref.,	reference.
HRs	values	in	bold	show	statistical	significance.
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TA B L E  4  Pooled	multivariate	hazard	ratios	and	95%	confidence	intervals	for	the	association	between	meat	consumption	(quantity)	and	
colorectal	cancer	in	men

Meat types

Meat intake in quantity
P for 
trend

Heterogeneity 
 P, I2 (%)

As continuous 
variableQuartile 1 (lowest) Quartile 2 Quartile 3 Quartile 4 (highest)

Colorectal	cancer

Unprocessed	
red	meat

1.00	(Reference) 0.99	(0.88‐1.11) 1.05	(0.93‐1.18) 1.13	(0.76‐1.68) 0.51 .01,	85.8 1.19	(0.75‐1.89)

Beef 1.00	(Reference) 1.06	(0.88‐1.27) 1.05	(0.93‐1.18) 1.08	(0.93‐1.26) .31 .26,	21.7 1.20	(0.70‐2.05)

Pork 1.00	(Reference) 0.94	(0.83‐1.07) 0.99	(0.88‐1.11) 1.11	(0.82‐1.49) .46 .04,	75.4 1.39	(0.62‐3.10)

Processed	red	
meat

1.00	(Reference) 0.90	(0.80‐1.02) 0.90	(0.79‐1.01) 1.00	(0.76‐1.32) .94 .07,	69.9 1.00	(0.76‐1.31)

Chicken 1.00	(Reference) 1.02	(0.90‐1.15) 0.89	(0.79‐1.01) 1.03	(0.90‐1.19) .84 .28,	15.9 1.01	(0.67‐1.52)

Colon	cancer

Unprocessed	
red	meat

1.00	(Reference) 1.02	(0.88‐1.18) 1.04	(0.84‐1.27) 1.05	(0.78‐1.41) .73 .11,	60.7 1.07	(0.79‐1.44)

Beef 1.00	(Reference) 1.12	(0.86‐1.45) 1.06	(0.91‐1.23) 1.06	(0.92‐1.24) .49 .54,	0.0 0.97	(0.70‐1.35)

Pork 1.00	(Reference) 0.89	(0.76‐1.03) 0.99	(0.85‐1.14) 1.05	(0.80‐1.38) .60 .13,	57.3 1.24	(0.64‐2.40)

Processed	red	
meat

1.00	(Reference) 0.90	(0.78‐1.05) 0.92	(0.79‐1.07) 1.09	(0.78‐1.52) .65 .07,	70.5 1.13	(0.85‐1.48)

Chicken 1.00	(Reference) 1.06	(0.92‐1.23) 0.93	(0.80‐1.08) 1.08	(0.88‐1.33) .87 .22,	34.6 1.27	(0.78‐2.08)

Rectal	cancer

Unprocessed	
red	meat

1.00	(Reference) 0.90	(0.73‐1.11) 1.04	(0.85‐1.28) 1.21	(0.67‐2.18) .42 .02,	82.5 1.30	(0.64‐2.65)

Beef 1.00	(Reference) 0.97	(0.79‐1.20) 0.97	(0.78‐1.20) 1.08	(0.83‐1.41) .56 .25,	26.1 1.49	(0.57‐3.91)

Pork 1.00	(Reference) 1.08	(0.88‐1.32) 0.93	(0.75‐1.16) 1.16	(0.88‐1.55) .50 .22,	33.6 1.45	(0.50‐4.18)

Processed	red	
meat

1.00	(Reference) 0.88	(0.72‐1.08) 0.83	(0.67‐1.02) 0.87	(0.70‐1.08) .14 .71,	0.0 0.84	(0.54‐1.30)

Chicken 1.00	(Reference) 0.90	(0.74‐1.10) 0.83	(0.67‐1.03) 0.96	(0.78‐1.18) .53 .85,	0.0 0.61	(0.32‐1.19)

Proximal	colon	cancer

Unprocessed	
red	meat

1.00	(Reference) 0.93	(0.74‐1.16) 0.87	(0.69‐1.10) 0.86	(0.64‐1.16) .13 .27,	17.6 0.80	(0.61‐1.05)

Beef 1.00	(Reference) 0.91	(0.73‐1.14) 0.85	(0.62‐1.15) 0.80	(0.63‐1.01) .05 .88,	0.0 0.61	(0.35‐1.07)

Pork 1.00	(Reference) 0.69	(0.43‐1.12) 0.84	(0.65‐1.10) 0.98	(0.77‐1.25) .88 .31,	2.9 1.15	(0.42‐3.16)

Processed	red	
meat

1.00	(Reference) 1.01	(0.81‐1.27) 0.98	(0.78‐1.24) 1.09	(0.63‐1.90) .76 .08,	67.6 1.03	(0.66‐1.61)

Chicken 1.00	(Reference) 1.16	(0.92‐1.45) 1.07	(0.85‐1.35) 1.00	(0.79‐1.27) .41 .59,	0.0 1.54	(0.83‐2.87)

Distal	colon	cancer

Unprocessed	
red	meat

1.00	(Reference) 1.11	(0.91‐1.36) 1.13	(0.88‐1.45) 1.10	(0.88‐1.36) .42 .55,	0.0 1.17	(0.93‐1.46)

Beef 1.00	(Reference) 1.21	(0.95‐1.54) 1.26	(1.01‐1.55) 1.30 (1.05‐1.61) 0.02 .76,	0.0 1.31	(0.86‐1.99)

Pork 1.00	(Reference) 1.00	(0.74‐1.35) 1.04	(0.85‐1.26) 0.98	(0.80‐1.21) .94 .63,	0.0 1.14	(0.85‐1.53)

Processed	red	
meat

1.00	(Reference) 0.58	(0.70‐1.04) 0.86	(0.70‐1.05) 1.13	(0.75‐1.71) .60 .09,	65.3 1.21	(0.69‐2.13)

Chicken 1.00	(Reference) 1.06	(0.86‐1.29) 0.88	(0.71‐1.09) 1.16	(0.82‐1.62) .68 .16,	48.5 1.03	(0.57‐1.87)

aAdjusted	for	age	(years,	continuous),	area,	history	of	diabetes	(yes	or	no),	body	mass	index	(14	to	<18.5,	18.5	to	<22,	22	to	<25,	25	to	<30,	or	30	
to	<40	kg/m2),	smoking	status	(never	smoker,	past	smoker,	current	smoker	of	1–19,	or	≥20	cigarettes/d),	alcohol	drinking	(never/former	drinker,	oc‐
casional	drinker	of	<once/week,	or	current	drinker	of	<23,	23	to	<46,	46	to	<69,	69	to	<92,	or	≥92	ethanol	g/d),	non‐occupational	physical	activity	
(JPHC‐5y,	metabolic	equivalent	task‐hours,	quartiles;	TAKAYAMA,	no,	1–2,	or	≥2	h/wk),	log‐transformed	energy	intake	(continuous),	calcium	(quar‐
tiles),	and	fiber	(quartiles).	
bFor	the	highest	category.	
cPer	100	g	of	unprocessed	red	meat,	beef,	pork,	or	chicken	and	per	50	g	of	processed	meat.	
Ref.,	reference.
HRs	values	in	bold	show	the	statistical	significance.
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an	 increased	 risk	 of	 CRC	 associated	 with	 higher	 intake	 of	 pro‐
cessed	red	meat	(>5	vs	≤1	serving/wk).20	Nitrate	or	nitrite	in	pro‐
cessed	meat	could	be	the	underlying	reason	for	this	association.47 

During	the	smoking	and	curing	process	of	meat,	nitrite	and	nitro‐
gen	oxides	interact	with	the	secondary	amines	and	N‐alkyl	amides	
of	red	meat	and	enhance	the	formation	of	NOCs.48,49	The	NOCs,	

TA B L E  5  Pooled	multivariate	hazard	ratios	and	95%	confidence	intervalsa	for	the	association	between	meat	consumption	(quantity)	and	
colorectal	cancer	in	women

Meat types

Meat intake, quantity

P for trend
Heterogeneityb  
P, I2 (%)

As continuous 
variablec

Quartile 1 
(lowest) Quartile 2 Quartile 3 Quartile 4 (highest)

Colorectal cancer

Unprocessed	red	
meat

1.00	(Ref.) 1.04	(0.89‐1.20) 0.95	(0.76‐1.20) 1.06	(0.91‐1.24) .67 1.00,	0.0 1.07	(0.88‐1.31)

Beef 1.00	(Ref.) 1.12	(0.97‐1.30) 0.94	(0.72‐1.23) 1.09	(0.94‐1.28) .58 .77,	0.0 1.35	(0.84‐2.18)

Pork 1.00	(Ref.) 1.08	(0.93‐1.25) 0.92	(0.74‐1.13) 1.04	(0.89‐1.22) .91 .84,	0.0 1.01	(0.79‐1.29)

Processed	red	meat 1.00	(Ref.) 1.04	(0.89‐1.21) 1.14	(0.90‐1.45) 1.04	(0.89‐1.23) .29 .99,	0.0 0.86	(0.61‐1.21)

Chicken 1.00	(Ref.) 1.04	(0.89‐1.22) 1.01	(0.87‐1.18) 0.97	(0.78‐1.22) .89 .19,	41.7 0.76	(0.36‐1.60)

Colon cancer

Unprocessed	red	
meat

1.00	(Ref.) 1.09	(0.92‐1.29) 0.89	(0.59‐1.34) 1.11	(0.93‐1.33) .52 .79,	0.0 1.04	(0.83‐1.30)

Beef 1.00	(Ref.) 1.09	(0.78‐1.52) 0.94	(0.59‐1.52) 1.20 (1.01‐1.44) .11 .65,	0.0 1.60 (1.04‐2.46)

Pork 1.00	(Ref.) 1.13	(0.95‐1.34) 0.98	(0.82‐1.17) 1.04	(0.86‐1.25) .90 .78,	0.0 0.91	(0.69‐1.22)

Processed	red	meat 1.00	(Ref.) 1.00	(0.76‐1.31) 1.14	(0.88‐1.48) 1.05	(0.85‐1.31) .31 .27,	17.7 0.82	(0.44‐1.51)

Chicken 1.00	(Ref.) 1.03	(0.85‐1.25) 0.99	(0.83‐1.18) 0.98	(0.81‐1.18) .73 .30,	6.1 0.77	(0.36‐1.65)

Rectal cancer

Unprocessed	red	
meat

1.00	(Ref.) 0.92	(0.69‐1.22) 1.00	(0.75‐1.33) 0.98	(0.73‐1.32) .99 .57,	0.0 1.26	(0.86‐1.87)

Beef 1.00	(Ref.) 1.10	(0.84‐1.45) 0.91	(0.68‐1.22) 0.95	(0.71‐1.28) .49 .77,	0.0 1.16	(0.54‐2.48)

Pork 1.00	(Ref.) 0.94	(0.71‐1.24) 0.79	(0.56‐1.11) 1.04	(0.78‐1.39) .92 .99,	0.0 1.39	(0.90‐2.14)

Processed	red	meat 1.00	(Ref.) 1.04	(0.74‐1.47) 1.17	(0.88‐1.55) 1.06	(0.60‐1.89) .93 .08,	67.1 0.96	(0.36‐2.56)

Chicken 1.00	(Ref.) 1.03	(0.78‐1.37) 1.05	(0.79‐1.40) 0.99	(0.74‐1.33) .99 .50,	0.0 0.70	(0.28‐1.75)

Proximal colon cancer

Unprocessed	red	
meat

1.00	(Ref.) 1.16	(0.82‐1.63) 0.97	(0.76‐1.22) 1.03	(0.81‐1.32) .89 .62,	0.0 0.78	(0.39‐1.56)

Beef 1.00	(Ref.) 1.07	(0.61‐1.86) 0.95	(0.60‐1.50) 1.15	(0.81‐1.65) .49 .20,	38.6 0.54	(0.03‐11.29)

Pork 1.00	(Ref.) 1.28	(0.86‐1.89) 0.93	(0.73‐1.19) 0.96	(0.75‐1.23) .36 .35,	0.0 0.71	(0.47‐1.05)

Processed	red	meat 1.00	(Ref.) 0.92	(0.64‐1.33) 1.08	(0.72‐1.63) 0.98	(0.76‐1.26) .77 .31,	1.5 0.54	(0.18‐1.65)

Chicken 1.00	(Ref.) 0.95	(0.76‐1.19) 0.94	(0.75‐1.19) 0.87	(0.68‐1.10) .27 .87,	0.0 0.65	(0.28‐1.49)

Distal colon cancer

Unprocessed	red	
meat

1.00	(Ref.) 1.17	(0.87‐1.57) 0.95	(0.52‐1.72) 1.20	(0.88‐1.63) .39 .55,	0.0 1.09	(0.75‐1.60)

Beef 1.00	(Ref.) 1.08	(0.81‐1.45) 1.06	(0.68‐1.65) 1.12	(0.82‐1.51) .46 .74,	0.0 1.09	(0.33‐3.60)

Pork 1.00	(Ref.) 1.05	(0.78‐1.41) 0.98	(0.55‐1.73) 1.07	(0.74‐1.58) .98 .25,	23.0 1.18	(0.75‐1.86)

Processed	red	meat 1.00	(Ref.) 1.17	(0.87‐1.57) 1.23	(0.91‐1.67) 1.20	(0.88‐1.64) .24 .71,	0.0 1.18	(0.66‐2.11)

Chicken 1.00	(Ref.) 1.02	(0.56‐1.87) 1.07	(0.79‐1.46) 1.07	(0.64‐1.76) .47 .14,	54.8 1.05	(0.44‐2.53)

aAdjusted	for	age	(years,	continuous),	area,	history	of	diabetes	(yes	or	no),	body	mass	index	(14	to	<18.5,	18.5	to	<22,	22	to	<25,	25	to	<30,	or	30	to	
<40	kg/m2),	smoking	status	(never	smoker,	past	smoker,	or	current	smoker),	alcohol	drinking	(never/former	drinker,	occasional	drinker	of	<once/wk,	or	cur‐
rent	drinker	of	<23	or	≥23	ethanol	g/d),	nonoccupational	physical	activity	(Japan	Public	Health	Center‐based	5‐year	follow‐up	study,	metabolic	equivalent	
task‐hour,	quartiles;	Takayama	Cohort	Study,	no,	1‐2,	or	≥2	h/wk),	log‐transformed	energy	intake	(continuous),	calcium	(quartiles),	and	fiber	(quartiles).	
bFor	the	highest	category.	
cPer	100	g	of	unprocessed	red	meat,	beef,	pork,	or	chicken	and	50	g	of	processed	meat.	
Ref.,	reference.
HRs	values	in	bold	show	the	statistical	significance.
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including	nitrosamines	and	nitroso‐amides,	are	carcinogenic	in	lab‐
oratory	animals.50

In	our	analysis	by	colon	subsite	in	women,	there	was	a	suggestion	
of	 increased	 risk	 for	DCC	 associated	with	 frequent	 consumption	 of	
processed	red	meat	(pooled	HR	of	1.30	for	“3	times/wk	or	more”	vs	“<1	
time/wk	category”;	95%	CI,	0.99‐1.71)	but	not	for	PCC.	This	finding	is	
compatible	with	those	of	meta‐analyses	of	prospective	studies19,46 and 
one	recent	pooled	analysis	of	2	large	prospective	studies.20	We	should	
note	that	very	few	women	in	the	present	Japanese	cohort	(2.4%)	con‐
sumed	processed	red	meat	“almost	every	day”	(the	level	of	which	was	
associated	with	an	increased	risk	of	CRC)	during	the	1990s	and	that	
there	was	no	association	 in	 the	analysis	based	on	quantitative	meat	
intake.	This	 suggests	 little	public	health	 impact	of	decreasing	 intake	
of	processed	meat	in	the	prevention	of	CRC	in	Japanese	individuals.

We	found	no	significant	association	of	chicken	intake	with	cancer	
risk	in	the	colorectum,	colon,	and	rectum	either	in	men	or	in	women,	
a	finding	consistent	with	the	previous	meta‐analyses	of	prospective	
studies.17,51	In	an	analysis	by	colon	subsite	in	women,	we	found	a	sig‐
nificantly	lower	risk	of	PCC,	but	not	DCC,	associated	with	frequent	
chicken	 intake	 (“≥3	times/wk”)	 (Table	S2).	This	could	be	solely	due	
to	chance;	however,	a	prospective	study	among	148	610	US	adults	
reported	 chicken	 intake	was	 inversely	 associated	with	 the	 risk	 of	
both	PCC	and	DCC.52	Due	to	limited	and	inconsistent	data	regarding	
chicken	and	cancer	risk	of	colon	subsites,	further	studies	are	needed	
to	clarify	the	association.

Several	mechanisms	have	been	suggested	to	explain	the	associa‐
tion	between	red	meat	and	processed	red	meat	and	the	risk	of	CRC.	
Red	and	processed	meat	could	increase	the	risk	of	CRC	by	the	forma‐
tion	of	heterocyclic	amines	(HCAs)	and	polycyclic	aromatic	hydrocar‐
bons	when	cooking	meat	at	high	temperature	or	on	open	flame,	which	
are	potent	carcinogens.53	Moreover,	HCAs	are	also	in	the	group	2	cat‐
egory	 in	the	 IARC	classification.5	These	types	of	meat	might	also	 in‐
crease	the	risk	of	CRC	or	colon	cancer	by	the	fat	peroxidation	pathway.	
The	major	endogenous	genotoxic	aldehyde	product	of	this	pathway	is	
malondialdehyde,54	 which	 is	mutagenic	 in	 human	 cells.55	 Secondary	
bile	acids	produced	by	anaerobic	bacteria	 in	the	large	bowl	from	pri‐
mary	bile	acids,	which	are	essential	to	the	digestion	of	animal	fat,	are	
thought	to	be	colonic	irritants	and	to	have	hyperproliferative	effects.56 
Furthermore,	high	red	meat	 intake	could	 increase	the	risk	of	CRC	or	
colon	cancer	by	enhancing	the	endogenous	formation	of	NOCs,57	most	
of	which	are	known	carcinogens.37	Human	experimental	studies	also	
reported	that	the	intake	of	red	meat	but	not	white	meat	significantly	
increases	the	fecal	levels	of	NOCs	in	a	dose‐dependent	manner.58

The	 present	 study	 has	 several	 strengths.	 First,	 we	 undertook	
a	meta‐analysis	of	data	of	 the	major	cohort	studies	 in	Japan	using	
a	validated	dietary	questionnaire	and	used	 identical	categories	 for	
meat	 intake	 across	 our	 incorporated	 studies.	 Second,	 each	 study	
was	controlled	for	a	common	set	of	variables	that	are	known	or	sug‐
gested	 to	be	associated	with	CRC.	Finally,	with	a	 large	number	of	
participants	and	incident	cases	of	CRC,	we	were	able	to	examine	the	
effect	of	meat	with	reasonable	statistical	power.

Our	study	also	has	limitations	that	need	to	be	mentioned.	First,	of	
6	 cohorts	 participating	 in	 the	 present	 pooled	 analysis,	 only	 2	 used	 a	

detailed	dietary	questionnaire	that	can	provide	quantitative	estimates	of	
meat	intake,	whereas	others	assessed	the	intake	frequency	of	each	meat	
type	using	a	single	question.	Such	a	large	difference	in	the	dietary	ques‐
tionnaire	does	not	allow	us	to	obtain	summary	estimates	for	all	cohorts.	
Together	with	analyses	by	sex	and	subsite	of	 the	colorectum,	 this	has	
led	to	numerous	statistical	test	results,	inflating	the	chance	of	significant	
associations.	Therefore,	we	mainly	discussed	findings	of	the	preplanned	
associations	(red	meat	and	colon	cancer).	Second,	we	used	only	baseline	
information	on	meat	intake	and	did	not	consider	lifetime	intake	or	changes	
of	intake	during	follow‐up.	Third,	statistical	power	might	not	be	sufficient	
in	site‐specific	analyses.	Fourth,	although	each	study	was	adjusted	for	
important	factors	associated	with	CRC,	we	cannot	exclude	the	possibility	
of	residual	confounding	factors.	Fifth,	the	style	of	the	questions	on	meat	
intake	differed	by	each	study,	which	might	lead	to	a	misclassification	of	
meat	intake.	However,	the	test	for	heterogeneity	across	studies	was	not	
statistically	significant	in	most	analyses.	Sixth,	the	validity	of	estimated	
meat	intake	used	in	each	participating	cohort	was	low	to	moderate	and	
tended	to	be	 lower	 in	men	than	 in	women	(red	meat,	r	=	0.21‐0.43	 in	
men and r	=	0.38‐0.53	in	women).	The	measurement	error	of	meat	intake	
might	result	in	biased	associations	towards	the	null.	The	null	or	weaker	
association	between	red	meat	subtype	and	colon	cancer	in	men	of	the	
present	study	may	be	partly	due	to	the	gender	difference	of	validity	of	
meat	intake.	Finally,	due	to	a	lack	of	information	on	cooking	methods,	we	
were	unable	to	examine	the	association	of	intake	of	well‐done	red	meat,	
which	could	contain	higher	levels	of	HCAs,	with	CRC	risk.

In	the	present	pooled	analysis	using	data	from	large	prospective	
studies	in	Japanese	men	and	women,	who	consume	much	less	meat	
compared	to	western	population,	higher	beef	intake	was	associated	
with	an	increased	risk	of	cancer	of	the	colon	(women)	and	distal	colon	
(men).	Frequent	pork	intake	was	also	associated	with	DCC	in	women,	
but	the	association	with	pork	intake	seems	less	consistent	than	that	
of	beef.	Frequent	intake	of	processed	red	meat	was	associated	with	
an	increased	risk	of	CRC	and	colon	cancer	in	women,	but	not	in	men.	
Further	 investigation	 is	 required	 to	 elucidate	 the	mechanisms	 un‐
derlying	the	differential	association	by	meat	subtype,	subsite	of	the	
colorectum,	and	sex.

ACKNOWLEDG MENTS

This	study	was	supported	by	the	National	Cancer	Center	Research	
and	 Development	 Fund	 (30‐A‐15,	 27‐A‐4,	 and	 24‐A‐3)	 and	 the	
Health	 and	 Labor	 Sciences	 Research	 Grants	 for	 the	 Third	 Term	
Comprehensive	Control	Research	for	Cancer	(H21‐3jigan‐ippan‐003,	
H18‐3jigan‐ippan‐001,	and	H16‐3jigan‐010).

DISCLOSURE

The	authors	declare	that	they	have	no	competing	interests.

ORCID

Zobida Islam  https://orcid.org/0000‐0002‐6785‐1753 

Norie Sawada  https://orcid.org/0000‐0002‐9936‐1476 

https://orcid.org/0000-0002-6785-1753
https://orcid.org/0000-0002-6785-1753
https://orcid.org/0000-0002-9936-1476
https://orcid.org/0000-0002-9936-1476


     |  3613ISLAM et AL.

Nagisa Mori  https://orcid.org/0000‐0003‐1721‐4083 

Keiko Wada  https://orcid.org/0000‐0002‐5467‐8592 

Yumi Sugawara  https://orcid.org/0000‐0002‐0197‐6772 

Keitaro Matsuo  https://orcid.org/0000‐0003‐1761‐6314 

Yuri Kitamura  https://orcid.org/0000‐0001‐7665‐3524 

Manami Inoue  https://orcid.org/0000‐0003‐1276‐2398 

R E FE R E N C E S

	 1.	 Pereira	PM,	Vicente	AF.	Meat	nutritional	composition	and	nutritive	
role	in	the	human	diet.	Meat Sci.	2013;93:586‐592.

	 2.	 Johnson	CM,	Wei	C,	 Ensor	 JE,	 et	 al.	Meta‐analyses	 of	 colorectal	
cancer	risk	factors.	Cancer Causes Control.	2013;24:1207‐1222.

	 3.	 Ferlay	J,	Shin	HR,	Bray	F,	et	al.	Estimates	of	worldwide	burden	of	can‐
cer	in	2008:	GLOBOCAN	2008.	Int J Cancer.	2010;127:2893‐2917.

	 4.	 Ferlay	 J,	 Soerjomataram	 I,	Dikshit	 R,	 et	 al.	 Cancer	 incidence	 and	
mortality	 worldwide:	 sources,	 methods	 and	 major	 patterns	 in	
GLOBOCAN	2012.	Int J Cancer.	2015;136:E359‐E386.

	 5.	 Bouvard	V,	Loomis	D,	Guyton	KZ,	et	al.	Carcinogenicity	of	consump‐
tion	of	red	and	processed	meat.	Lancet Oncol.	2015;16:1599‐1600.

	 6.	 Aune	 D,	 Chan	 DS,	 Vieira	 AR,	 et	 al.	 Red	 and	 processed	meat	 in‐
take	 and	 risk	 of	 colorectal	 adenomas:	 a	 systematic	 review	 and	
meta‐analysis	 of	 epidemiological	 studies.	 Cancer Causes Control. 
2013;24:611‐627.

	 7.	 Chan	DS,	Lau	R,	Aune	D,	et	al.	Red	and	processed	meat	and	colorec‐
tal	 cancer	 incidence:	 meta‐analysis	 of	 prospective	 studies.	 PLoS 
ONE. 2011;6:e20456.

	 8.	 Pham	NM,	Mizoue	T,	Tanaka	K,	et	al.	Meat	consumption	and	col‐
orectal	cancer	risk:	an	evaluation	based	on	a	systematic	review	of	
epidemiologic	evidence	among	the	Japanese	population.	Jpn J Clin 
Oncol.	2014;44:641‐650.

	 9.	 Xu	X,	Yu	E,	Gao	X,	et	al.	Red	and	processed	meat	intake	and	risk	of	
colorectal	adenomas:	a	meta‐analysis	of	observational	studies.	Int J 
Cancer.	2013;132:437‐448.

	10.	 Alexander	DD,	Weed	DL,	Miller	PE,	et	al.	Red	meat	and	colorectal	
cancer:	a	quantitative	update	on	the	state	of	the	epidemiologic	sci‐
ence. J Am Coll Nutr.	2015;34:521‐543.

	11.	 Cho	E,	Smith‐Warner	SA.	Meat	and	fat	 intake	and	colorectal	can‐
cer	risk:	a	pooled	analysis	of	14	prospective	studies.	Proc Am Assoc 
Cancer Res.	2004;45(abstr	491):113.

	12.	 Spencer	EA,	Key	TJ,	Appleby	PN,	et	al.	Meat,	poultry	and	fish	and	
risk	of	colorectal	cancer:	pooled	analysis	of	data	from	the	UK	dietary	
cohort	consortium.	Cancer Causes Control.	2010;21:1417‐1425.

	13.	 Rosato	V,	Tavani	A,	Negri	E,	et	al.	Processed	meat	and	colorectal	
cancer	risk:	a	pooled	analysis	of	three	Italian	case‐control	studies.	
Nutr Cancer.	2017;69:732‐738.

	14.	 Bastide	NM,	Chenni	F,	Audebert	M,	et	al.	A	central	role	for	heme	
iron	in	colon	carcinogenesis	associated	with	red	meat	intake.	Cancer 
Res.	2015;75(5):870‐879.

	15.	 Lombardi‐Boccia	 G,	 Martinez‐Dominguez	 B,	 Aguzzi	 A.	 Total	
heme	 and	 non‐heme	 iron	 in	 raw	 and	 cooked	 meats.	 J Food Sci. 
2002;67:1738‐1741.

	16.	 Williams	 P.	 Nutritional	 composition	 of	 red	 meat.	 Nutr Diet. 
2007;64:S113‐S119.

	17.	 Carr	PR,	Walter	V,	Brenner	H,	et	al.	Meat	subtypes	and	their	associ‐
ation	with	colorectal	cancer:	systematic	review	and	meta‐analysis.	
Int J Cancer.	2016;138:293‐302.

	18.	 Vulcan	A,	Manjer	J,	Ericson	U,	et	al.	Intake	of	different	types	of	red	
meat,	poultry,	and	fish	and	incident	colorectal	cancer	in	women	and	
men:	results	from	the	Malmö	Diet	and	Cancer	Study.	Food Nutr Res. 
2017;61:1341810.

	19.	 Zhao	Z,	Feng	Q,	Yin	Z,	et	al.	Red	and	processed	meat	consumption	
and	colorectal	cancer	risk:	a	systematic	review	and	meta‐analysis.	
Oncotarget.	2017;8:83306‐83314.

	20.	 Bernstein	AM,	Song	M,	Zhang	X,	et	al.	Processed	and	unprocessed	
red	meat	and	risk	of	colorectal	cancer:	analysis	by	tumor	location	
and	modification	by	time.	PLoS ONE. 2015;10:e0135959.

	21.	 Hori	M,	Matsuda	T,	Shibata	A,	et	al.	Cancer	incidence	and	incidence	
rates	in	Japan	in	2009:	a	study	of	32	population‐based	cancer	reg‐
istries	for	the	Monitoring	of	Cancer	Incidence	in	Japan	(MCIJ)	proj‐
ect.	Jpn J Clin Oncol.	2015;45:884‐891.

	22.	 Egusa	 G,	 Yamane	 K.	 Lifestyle,	 serum	 lipids	 and	 coronary	 artery	
disease:	comparison	of	Japan	with	the	United	States.	J Atheroscler 
Thromb.	2004;11:304‐312.

	23.	 Lee	JE,	McLerran	DF,	Rolland	B,	et	al.	Meat	intake	and	cause‐spe‐
cific	mortality:	a	pooled	analysis	of	Asian	prospective	cohort	stud‐
ies. Am J Clin Nutr.	2013;98:1032‐1041.

	24.	 Sans	P,	Combris	P.	World	meat	consumption	patterns:	an	overview	
of	the	last	fifty	years	(1961–2011).	Meat Sci.	2015;109:106‐111.

	25.	 Tsugane	S,	Sobue	T.	Baseline	survey	of	JPHC	study–design	and	par‐
ticipation	rate.	Japan	Public	Health	Center‐based	Prospective	Study	
on cancer and cardiovascular diseases. J Epidemiol.	2001;11:S24‐S29.

	26.	 Tamakoshi	A,	Yoshimura	T,	Inaba	Y,	et	al.	Profile	of	the	JACC	study.	
J Epidemiol.	2005;15(suppl	1):S4‐S8.

	27.	 Tsuji	I,	Nishino	Y,	Tsubono	Y,	et	al.	Follow‐up	and	mortality	profiles	
in	the	Miyagi	Cohort	Study.	J Epidemiol.	2004;14(suppl	1):S2‐S6.

	28.	 Tsuji	I,	Takahashi	K,	Nishino	Y,	et	al.	Impact	of	walking	upon	medical	
care	 expenditure	 in	 Japan:	 the	Ohsaki	Cohort	 Study.	 J Epidemiol. 
2003;32:809‐814.

	29.	 Shimizu	N,	Nagata	C,	Shimizu	H,	et	al.	Height,	weight,	and	alcohol	
consumption	in	relation	to	the	risk	of	colorectal	cancer	in	Japan:	a	
prospective	study.	Br J Cancer.	2003;88:1038‐1043.

	30.	 Sato	Y,	Nakaya	N,	Kuriyama	S,	et	al.	Meat	consumption	and	risk	of	
colorectal	cancer	 in	Japan:	 the	Miyagi	Cohort	Study.	Eur J Cancer 
Prev.	2006;15:211‐218.

	31.	 Takachi	R,	Tsubono	Y,	Baba	K,	et	al.	Red	meat	intake	may	increase	
the	risk	of	colon	cancer	in	Japanese,	a	population	with	relatively	low	
red	meat	consumption.	Asia Pac J Clin Nutr.	2011;20:603‐612.

	32.	 Wada	 K,	 Oba	 S,	 Tsuji	 M,	 et	 al.	 Meat	 consumption	 and	 col‐
orectal	 cancer	 risk	 in	 Japan:	 the	 Takayama	 study.	 Cancer Sci. 
2017;108:1065‐1070.

	33.	 World	Health	Organization.	International	statistical	classification	of	
diseases	and	related	health	problems.	World	Health	Organization;	
2004;	Vol.	1.

	34.	 Fritz	 AG.	 International	 classification	 of	 diseases	 for	 oncology:	
ICD‐O	ed.:	World	Health	Organization;	2000.

	35.	 Nanri	A,	Shimazu	T,	Ishihara	J,	et	al.	Reproducibility	and	validity	of	
dietary	patterns	assessed	by	a	food	frequency	questionnaire	used	
in	the	5‐year	follow‐up	survey	of	the	Japan	Public	Health	Center‐
based	prospective	study.	J Epidemiol.	2012;22:205‐215.

	36.	 DerSimonian	R,	Laird	N.	Meta‐analysis	in	clinical	trials.	Control Clin 
Trials.	1986;7:177‐188.

	37.	 Cross	AJ,	Pollock	JR,	Bingham	SA.	Haem,	not	protein	or	inorganic	
iron,	is	responsible	for	endogenous	intestinal	N‐nitrosation	arising	
from	red	meat.	Cancer Res.	2003;63:2358‐2360.

	38.	 Sesink	AL,	Termont	DS,	Kleibeuker	JH,	Van	der	Meer	R.	Red	meat	
and	 colon	 cancer:	 the	 cytotoxic	 and	hyperproliferative	effects	of	
dietary	heme.	Cancer Res.	1999;59:5704‐5709.

	39.	 Bastide	NM,	Pierre	FH,	Corpet	DE.	Heme	iron	from	meat	and	risk	of	
colorectal	cancer:	a	meta‐analysis	and	a	review	of	the	mechanisms	
involved. Cancer Prev Res (Phila).	2011;4:177‐184.

	40.	 Hjartaker	A,	Aagnes	B,	Robsahm	TE,	et	al.	Subsite‐specific	dietary	
risk	 factors	 for	 colorectal	 cancer:	 a	 review	 of	 cohort	 studies.	 J 
Oncol. 2013;2013:703854.

	41.	 Iacopetta	B.	Are	there	two	sides	to	colorectal	cancer?	Int J Cancer. 
2002;101:403‐408.

https://orcid.org/0000-0003-1721-4083
https://orcid.org/0000-0003-1721-4083
https://orcid.org/0000-0002-5467-8592
https://orcid.org/0000-0002-5467-8592
https://orcid.org/0000-0002-0197-6772
https://orcid.org/0000-0002-0197-6772
https://orcid.org/0000-0003-1761-6314
https://orcid.org/0000-0003-1761-6314
https://orcid.org/0000-0001-7665-3524
https://orcid.org/0000-0001-7665-3524
https://orcid.org/0000-0003-1276-2398
https://orcid.org/0000-0003-1276-2398


3614  |     ISLAM et AL.

	42.	 Povey	AC,	Hall	 CN,	Badawi	AF,	 et	 al.	 Elevated	 levels	 of	 the	 pro‐
carcinogenic	adduct,	O(6)‐methylguanine,	in	normal	DNA	from	the	
cancer	prone	regions	of	the	large	bowel.	Gut.	2000;47:362‐365.

	43.	 Massey	RC,	Key	PE,	Mallett	AK,	et	al.	An	investigation	of	the	en‐
dogenous	 formation	 of	 apparent	 total	 N‐nitroso	 compounds	 in	
conventional	 microflora	 and	 germ‐free	 rats.	 Food Chem Toxicol. 
1988;26:595‐600.

	44.	 Calmels	S,	Ohshima	H,	Vincent	P,	et	al.	Screening	of	microorganisms	
for	nitrosation	catalysis	at	pH	7	and	kinetic	studies	on	nitrosamine	
formation	from	secondary	amines	by	E. coli	strains.	Carcinogenesis. 
1985;6:911‐915.

	45.	 Evans	 DF,	 Pye	 G,	 Bramley	 R,	 et	 al.	 Measurement	 of	 gastroin‐
testinal	 pH	 profiles	 in	 normal	 ambulant	 human	 subjects.	 Gut. 
1988;29:1035‐1041.

	46.	 Larsson	 SC,	 Wolk	 A.	 Meat	 consumption	 and	 risk	 of	 colorec‐
tal	 cancer:	 a	 meta‐analysis	 of	 prospective	 studies.	 Int J Cancer. 
2006;119:2657‐2664.

	47.	 Santarelli	RL,	Pierre	F,	Corpet	DE.	Processed	meat	and	colorectal	
cancer:	a	review	of	epidemiologic	and	experimental	evidence.	Nutr 
Cancer.	2008;60:131‐144.

	48.	 Mirvish	SS.	Role	of	N‐nitroso	compounds	(NOC)	and	N‐nitrosation	
in	etiology	of	gastric,	esophageal,	nasopharyngeal	and	bladder	can‐
cer	and	contribution	to	cancer	of	known	exposures	to	NOC.	Cancer 
Lett.	1995;93:17‐48.

	49.	 Cross	AJ,	Sinha	R.	Meat‐related	mutagens/carcinogens	in	the	etiol‐
ogy	of	colorectal	cancer.	Environ Mol Mutagen.	2004;44:44‐55.

	50.	 Bogovski	 P,	 Bogovski	 S.	 Animal	 species	 in	which	N‐nitroso	 com‐
pounds	induce	cancer.	Int J Cancer.	1981;27:471‐474.

	51.	 Xu	B,	Sun	J,	Sun	Y,	et	al.	No	evidence	of	decreased	risk	of	colorectal	
adenomas	with	white	meat,	poultry,	and	fish	intake:	a	meta‐analysis	
of	observational	studies.	Ann Epidemiol.	2013;23:215‐222.

	52.	 Chao	A,	Thun	MJ,	Connell	CJ,	et	al.	Meat	consumption	and	risk	of	
colorectal	cancer.	JAMA.	2005;293:172‐182.

	53.	 Marmot	M,	Atinmo	T,	Byers	T,	et	al.	Food, Nutrition, Physical Activity, 
and the Prevention of Cancer: A Global Perspective.	 Washington,	
DC:	World	 Cancer	 Research	 Fund/American	 Institute	 for	 Cancer	
Research;	2007:517	p.

	54.	 Marnett	 LJ.	 Oxyradicals	 and	 DNA	 damage.	 Carcinogenesis. 
2000;21:361‐370.

	55.	 Niedernhofer	 LJ,	 Daniels	 JS,	 Rouzer	 CA,	 et	 al.	Malondialdehyde,	
a	product	of	 lipid	peroxidation,	 is	mutagenic	in	human	cells.	J Biol 
Chem.	2003;278:31426‐31433.

	56.	 Nagengast	FM,	Grubben	MJ,	van	Munster	IP.	Role	of	bile	acids	 in	
colorectal	carcinogenesis.	Eur J Cancer.	1995;31A:1067‐1070.

	57.	 Bingham	 SA.	 High‐meat	 diets	 and	 cancer	 risk.	 Proc Nutr Soc. 
1999;58:243‐248.

	58.	 Bingham	SA,	Pignatelli	B,	Pollock	JR,	et	al.	Does	increased	endoge‐
nous	formation	of	N‐nitroso	compounds	in	the	human	colon	explain	
the	association	between	red	meat	and	colon	cancer?	Carcinogenesis. 
1996;17:515‐523.

SUPPORTING INFORMATION

Additional	 supporting	 information	 may	 be	 found	 online	 in	 the	
Supporting	Information	section	at	the	end	of	the	article.	

How to cite this article:	Islam	Z,	Akter	S,	Kashino	I,	et	al.	Meat	
subtypes	and	colorectal	cancer	risk:	A	pooled	analysis	of	6	
cohort	studies	in	Japan.	Cancer Sci. 2019;110:3603–3614. 
https	://doi.org/10.1111/cas.14188	

https://doi.org/10.1111/cas.14188

