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Abstract Epidemiological evidence of red meat and pro-
cessed meat consumption and colorectal cancer risk has
accumulated during the past decades. Meta-analyses of
case-control and prospective cohort studies have shown a
moderate increased risk, but the association is controversial.
Because diet is one of the modifiable lifestyle factors for
colorectal cancer prevention, the relationship has an impor-
tant public health perspective. Three prospective cohort
studies and one case-control study of total red meat and
processed meat and colorectal cancer were published in
2011 and 2012. The findings were in general supportive of
an increased risk with higher consumption. The same
applies to the four studies each on fresh red meat and
processed meat. Associations with dietary heterocyclic
amines, nitroso-compounds, and heme iron intake are in-
consistent, but evidence suggested a positive association
between heme iron intake and colorectal cancer risk.
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Introduction

Colorectal cancer is the third most common cancer, with 1.2
million new cases diagnosed in 2008 worldwide [1]. Screening

and surveillance of adenomatous polyps has been put forward
as the primary prevention. Lifestyle is thought to influence
colorectal cancer risk; with the addition of lifestyle modifica-
tion, colorectal cancer incident could be further reduced [2].
Hence, examining the diet-colorectal cancer associations has
significant public health perspective.

Red meat and processed meat consumption and their role
in colorectal cancer etiology have been widely studied in the
past decades. The large body of evidence in humans encom-
passes mostly observational studies, with case-control, or
prospective cohort designs, in different study populations.
The definition for red meat varies between studies. Gener-
ally, it is defined as all fresh, minced, and frozen beef, veal,
pork, and lamb, and processed meat preserved by the addi-
tion of preservatives or by marinating, smoking, salting, air-
drying, heating, or methods other than freezing, which in-
clude ham, bacon, sausages, pate, and tinned meat.

At the ecological level, there is a positive association
between red meat consumption and colorectal cancer inci-
dence rates [3, 4] and mortality [5]. Summarizing findings
from a number of case-control studies and/or prospective
cohort studies, several meta-analyses have shown a positive
association between red meat intake and colorectal cancer
risk [6–8]. In 2010, we observed in our meta-analysis of 11
prospective studies, a moderate but statistically significant
14 % increased risk (95 % CI04–24 %, I2056 %) of
colorectal cancer for every 100 g/day increase of red meat
and processed meat consumption [9]. By meat type, the
relative risk (RR) increase was 17 % (95 % CI05–31 %,
I200 %, 8 studies) for every 100 g/day fresh red meat and
18 % (95 % CI010–28 %, I2012 %, 9 studies) for every
50 g/day processed meat. In addition, a recent meta-analysis
on colorectal adenoma, a precursor of colorectal cancer,
observed a 36 % (95 % CI017–58 %) increased risk for
every 100 g/day red meat intake and 28 % (95 % CI03–
60 %) increased risk for every 50 g/day processed meat
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intake [10]. To our knowledge, no randomized controlled
trial exclusively on red meat and processed meat modifica-
tion with colorectal cancer incidence or mortality as end-
points has published results. The Polyp Prevention Trial, an
intervention trial of low fat and high fruit and vegetable
modification, observed a 30 % reduction in red meat intake
in the intervention group after 4 years of follow-up, but the
study did not find a lower risk of colorectal adenoma recur-
rence [11]. In addition, the Women’s Health Initiative Ran-
domized Controlled Dietary Modification Trial, an
intervention trial of low fat, high fruit, vegetables, and
grains where a 9 % reduction in red meat intake was
reported, also reported no association with colorectal cancer
risk after 8.1 years of follow-up [12]. However, it is possible
that changes in red meat intake were too small or the follow-
up was too short to detect a difference in risk of colorectal
neoplasia in these studies, because it is not known with
certainty the latency period or level of reduction in red meat
intake that may bring about a reduction in colorectal neo-
plasia risk. A secondary analysis of the Polyp Prevention
Trial did, however, find a reduction in colorectal adenoma
recurrence among persons with a high compliance to the
overall intervention [13].

The World Cancer Research Fund and American Institute
of Cancer Research (WCRF/AICR) concluded in their 2007
report “Food, Nutrition, Physical Activity, and the Preven-
tion of Cancer: a Global Perspective” that a high intake of
red and processed meat convincingly increases the risk of
colorectal cancer [14]. This conclusion was received with
some criticisms [15, 16]. Two meta-analyses of prospective
studies concluded that the available epidemiologic data were
not sufficient to support an independent and unequivocal
positive association [17, 18]. The controversy concerned the
possible presence of confounding from other lifestyle and
dietary factors in the weak magnitude of association and the
inconsistency of effect by cancer subsite and gender.

Several potential mechanisms have been hypothesized
to explain the link between red meat and processed meat
and colorectal cancer. These include the formation of
carcinogenic heterocyclic amines (HCAs) and polycyclic
aromatic hydrocarbons (PAHs) in meat during high tem-
perature cooking [19]. However, such mutagens can be
formed in both white meat and red meat, but the positive
association with colorectal cancer is related to red meat,
not white meat [20]. A second hypothesis concerns the
catalytic actions of heme iron in red meat in the induction
of lipid peroxidation [21] and the endogenous formation of
carcinogenic N-nitroso compounds (NOCs) in the gastro-
intestinal tract [22]. Nitrites or nitrates, added to meat for
preservation, also could increase exposure to NOCs [23].
HCAs, PAHs, heme iron, nitrate, and nitrite may all play a
role in colorectal carcinogenesis, but the exact mechanistic
pathway is unclear [14, 24••].

We reviewed the case-control and prospective cohort
studies on humans that were published in 2011 and 2012
to examine how the new findings contribute to the current
bodies of evidence and we further drew implications.

Red Meat, Processed Meat, Meat-Related Mutagen
Intakes, and Colorectal Cancer Risk

Total Red Meat and Processed Meat

Three large-scale prospective cohort studies—the Japan
Public Health Center-based Prospective Study (JPHC)
[25••], the National Institute of Health-American Associa-
tion of Retired Persons (NIH-AARP) Diet and Health Study
[26••], and the Multiethnic Cohort Study (MEC) [27••]—
published results on total red meat and processed meat and
colorectal cancer risk in the past 2 years.

Published in the Asia Pacific Journal of Clinical Nutri-
tion in 2011, the JPHC study with 1,145 colorectal cancer
cases (788 colon and 357 rectal cancer cases) from 758,116
person-years reported a statistically significant positive as-
sociation between red meat and processed meat intake (beef
and pork dishes, ham, sausage, bacon, luncheon meat, and
chicken liver) and colon cancer risk in women but not in
men (multivariate adjusted relative risk (RR) for 93 g/day
vs. 14 g/day 0 1.48, 95 % CI01.01–2.17, P for trend 0 0.03;
RR for 102 g/day vs. 15 g/day 0 1.27, 95 % CI00.93–1.74,
P for trend 0 0.15 respectively) [25••]. No association was
observed for rectal cancer. Further adjustment for saturated
fat intake attenuated the association in women (RR01.38,
95 % CI00.84–2.27, P for trend 0 0.18). When analyzed by
colon cancer subsite (379 proximal and 367 distal colon
cancer cases), positive but statistically nonsignificant asso-
ciations were observed for proximal colon cancer among
women (RR for Q5 vs. Q101.57, 95 % CI00.95–1.58, P for
trend 0 0.08) and for distal colon cancer among men (RR for
Q5 vs. Q101.42, 95 % CI00.92–2.19, P for trend 0 0.12).
Currently, evidence by proximal and distal colon cancers is
relatively limited, but the observed associations are stronger
for distal colon cancer [28–31]. Traditionally, meat con-
sumption was low in Japan, but diet is becoming increas-
ingly westernised. In this Japanese study, the highest
quartile of red meat (102 g/day in men and 93 g/day in
women) is now comparable to an intermediate level of
intake in western countries. For example, in the European
Prospective Investigation into Cancer and Nutrition (EPIC)
study, the highest intake category of red meat consumption
was more than 160 g/day for men and women combined
[29]; in the Nurses’ Health Study (NHS, women only study)
and the Health Professionals Follow-up Study (HPFS, men
only study), mean consumption of the highest quartiles were
3.1 servings/day and 2.36 servings/day, respectively [32•].

Curr Nutr Rep (2013) 2:56–62 57



Further supporting evidence on the influence of total red
meat and processed meat intake in the risk of colorectal cancer
came from the NIH-AARP Diet and Health Study. Previously,
a 24 % increased risk of colorectal cancer for the highest
versus lowest recent red meat intake (assessed at study base-
line) was observed in this elderly cohort [33]. The new article
of the same study (292,797 participants, mean age 62.8 years),
published in the American Journal of Clinical Nutrition in
2011, presented novel results on life course exposures [26••].
The goal was to explore the hypothesis that diet during ado-
lescence (12–13 years old) and middle-age (approximately
10 years before study baseline) may be associated with colo-
rectal cancer, in which the multistage adenoma-carcinoma
sequence has a natural history of several decades [34]. Ado-
lescence red meat and processed meat intake was not associ-
ated with colon or rectal cancer risk in older adulthood,
whereas middle-age intake was associated with the risk of
colon cancer (2,794 cases). The multivariate adjusted RR for
1.49 times/day vs. 0.18 times/day was 1.31 (95 % CI01.12–
1.53, P for trend < 0.01). No association was observed for
rectal cancer (979 cases). When high adolescence and high
recent adulthood intake was compared with low consumption
at both lifetime periods, positive associations with colon and
rectal cancers were observed (RR01.38, 95 % CI01.16–1.64;
RR01.39, 95%CI01.04–1.85 respectively), whereas slightly
lower RRs were observed for persons who modified their
meat consumption between adolescence and adulthood. This
suggested that dietary pattern over the life course may play a
role in the development of colorectal cancer. Confirmation in
future studies is needed. However, there is a lack of prospec-
tive cohorts with assessment of diet during childhood and
adolescence. On the other hand, recall of a distant past diet
is prone to bias [35].

The MEC study published in the International Journal of
Cancer in 2012 reported different results [27••]. Higher red
meat and processed meat intake was associated with an
increased risk of colorectal cancer in the model adjusted
for age, sex, and ethnicity. However, the association disap-
peared after further adjustments for dietary, lifestyle, and
other risk factors (multivariate adjusted RR for 47.99 g/
1,000 kcal/day vs. 7.41 g/1,000 kcal/day 0 1.02, 95 %
CI00.91–1.16, P for trends 0 0.757). In this U.S. study,
3,404 colorectal cancer cases from 165,717 men and women
of different ethnic background were accrued during a
follow-up of 13.6 years. Total red meat and processed meat
intake was collected using a quantitative food frequency
questionnaire (QFFQ). The null findings (including those
of red meat or processed meat) were previously reported in
another publication of the same study (nested case-control
design, 1,009 cases, 1,522 controls) [36] and were included
in our meta-analyses [9].

In addition to the cohort studies, a Jordanian hospital-
based case-control study, published in the Asian Pacific

Journal of Cancer Prevention in 2011, also has observed a
statistically significant positive association between red
meat intake and colorectal cancer risk [37]. The odds ratio
(OR) for the highest compared with the lowest consumption
was 2.66 (95 % CI01.83–3.88). The 220 cases and 220
controls in this study were matched for age and sex. Dietary
data in the past 12 months were collected during an inter-
view that was performed 10–14 days after cancer diagnosis.
Red meat intake was described to be high in Jordan [37].

Fresh Red Meat

In the JPHC study, beef and pork intakes were reported to
increase colon cancer risk in women (RRs for Q5 vs. Q10
1.62, 95 % CI01.12–2.34, P for trend 0 0.04 and 1.42, 95 %
CI00.99–2.04, P for trend 0 0.05 respectively) [25••]. The
same elevated risk was neither shown with rectal cancer, nor
in men for both colorectal cancer subsites. In Japan, beef and
pork is a major source of fresh red meat intake. In the MEC
study, similar to total red meat and processed meat, the posi-
tive association of red meat excluding processed meat intake
with colorectal cancer risk disappeared after multivariate
adjustments [27••]. The RR for 34.86 g/1,000 kcal/day vs.
4.59 g/1,000 kcal/day was 0.98 (95 % CI00.87–1.1, P for
trends 0 0.584). The new publication on the NIH-AARP study
did not report results on adolescence or middle-age fresh red
meat intake [26••]. An earlier publication of this study on
recent diet observed a RR of 1.13 (95 % CI00.98–1.3, P for
trend 0 0.002) for the comparison of the highest with the
lowest non-processed red meat intake [20]. In addition, two
case-control studies from Spain and Japan published results in
2012 [38, 39]. The Spanish hospital-based case-control study
observed an increased risk of colorectal cancer with red meat
intake (OR for T3 vs. T101.79, 95 % CI01.02–3.12, P for
trend 0 0.03) [38]. This analysis of 245 cases and 490 controls
was adjusted for age, sex, and energy intake only. Diet six
months before cancer diagnosis was assessed using a 142-item
FFQ and mean red meat intakes were 21.4 g/day for the cases
and 15.2 g/day for the controls. In the Japanese multi-
institutional case-control study of 1,511 cases and 2,098 con-
trols, a positive association between beef or pork intake and
colorectal cancer risk was observed in men (age, sex, and
location adjusted OR for ≥3 times/week vs. ≤2 times/week 0

1.26, 95 % CI01.09–1.47), but not in women (OR00.94,
95 % CI00.79–1.12) [39].

Processed Meat

Processed meat intake was not associated with colorectal can-
cer risk in the JPHC study [25••]. Processed meat intake
remained low (average 10 g/day), despite red meat consump-
tion being relatively high in this Japanese cohort. Low intake of
processed meat may explain the lack of an association. On the
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contrary, the NIH-AARP study reported that processed meat
intake during middle-age was associated with the risk of
colon and rectal cancers in older adulthood (multivariate
adjusted RRs for 1.02 times/day vs. 0.05 times/day 0 1.24,
95 % CI01.06–1.45, P for trend < 0.01; RR01.3, 95 % CI0
0.99–1.7, P for trend 0 0.16 respectively) [26••]. In addition,
high consumption during adolescence and recent adulthood
compared with low consumption at both lifetime periods was
positively associated with colon cancer (RR01.25, 95 % CI0
1.06–1.47), but not with rectal cancer (data not shown).
Adolescence intake was not associated with colon or rectal
cancers. As for the MEC study, no association was observed
(multivariate adjusted RR for 17.98 g/1,000 kcal/day vs.
1.7 g/1,000 kcal/day was 1.06, 95 % CI00.94–1.19, P for
trends 0 0.26) [27••]. The positive association is supported by
a Uruguayan hospital-based, multisite, case-control study
published in the British Journal of Cancer in 2012 [40].
Higher processed meat intake was found to increase colorec-
tal cancer risk (multivariate adjusted OR for ≥ 28.3 g/day vs.
≤ 11.4 g/day 0 2.39, 95 % CI01.76–3.24). The magnitude of
the association was similar for colon (176 cases) and rectal
(185 cases) cancers. Mean total processed meat intake ranged
from 19.9 to 38.6 g/day. Of interest is that the risk associated
with the highest versus the lowest processed meat intake in
this study is stronger with colorectal cancer than with other
cancer sites, such as breast and prostate, and of similar
magnitude as other cancers of the aerodigestive system. The
NIH-AARP study also reported on multiple cancers [33].
Positive associations with processed meat intake were ob-
served for pancreatic and lung cancers in this study.

Cooking Methods and Heterocyclic Amines

Previous epidemiological evidence on cooking methods,
total and specific HCAs, and colorectal cancer risk are
variable [20, 41]. In 2011, a population-based case-control
study (the Western Australian Bowel Health Study
[WABHS] published in the European Journal of Clinical
Nutrition) reported no association between total red meat
consumption (on average 325 g/day), cooking methods (pan
fried, BBQ, baked, stewed, and microwave), and level of
doneness and colorectal cancer risk [42]. There were 713
controls matched by age and sex to 567 incident cases in this
study, with relatively low response rates (46.5 % and 59.5 %
respectively). Habitual diet 10 years ago was assessed with a
self-administered, 74-item, semiquantitative FFQ. In addi-
tion, the MEC study reported that higher intake of total meat
cooked dark brown or well done, total, and specific HCAs
also was not associated with colorectal cancer risk [27••].
HCA intakes (specifically PhlP, DiMelQx, and MelQx)
were derived from the CHARRED database based on data
on type of meat, cooking method, frequency of consump-
tion, and doneness level.

N-nitroso-Compounds and Nitrites

Few observational studies on humans have published results
on NOCs, nitrate, and nitrite intake in relation to colorectal
cancer risk. Evidence from experimental studies support a
potential link, in which a high level of fecal nitroso-
compounds was found to promote carcinogenesis in rats
fed with cured meat [24••]. The two prospective studies on
humans published before 2011 observed positive associa-
tions with dietary nitrate from processed meat [20] and N-
nitrosodimethylamine (NDMA) [43]. In 2011, the EPIC-
Norfolk, UK study published results in the American
Journal of Clinical Nutrition [44•]. A total of 23,363
participants were followed up prospectively for an average
of 11.4 years. Dietary NDMA and nitrite consumption was
estimated by matching FFQ food items with a food database
of potential carcinogens. It was shown that dietary NDMA
was statistically significantly associated with increased
rectal cancer risk (multivariate adjusted RR for each 1-
standard deviation increase 0 1.46, 95 % CI01.16–1.84,
P00.001, 137 cases). No association was observed for colon
cancer risk (276 cases). Analyses of endogenous N-nitroso
compound exposure index (ENOC) and dietary nitrite also
found no relation to colon or rectal cancer. Of note, dietary
NDMA was not solely contributed by processed meat in-
take; beer also was a major source in this population.

Heme Iron

A meta-analysis of five prospective cohort studies (4,734
colon cancer cases, 566,607 participants) published in Can-
cer Prevention Research in 2011 observed an 18 % (95 %
CI06–32 %) increased risk for colon cancer comparing the
highest with the lowest heme iron intake [45•]. There was no
evidence of heterogeneity between studies (P for heteroge-
neity 0 0.18). However, two recent publications from three
prospective cohort studies (NHS and HPFS, and JPHC)
showed no association between heme iron intake and colo-
rectal cancer risk (for the highest vs. lowest comparison,
multivariate adjusted RR01.21, 95 % CI00.96–1.52, P for
trend 0 0.1 in NHS; RR00.98, 95 % CI00.77–1.26, P for
trend 0 0.8 in HPFS; RR01.06, 95 % CI00.79–1.42, P for
trend 0 0.6 in men and RR00.88, 95 % CI00.61–1.29, P for
trend 0 0.4 in women in JPHC) [46•, 47•]. Heme iron intake
comparisons (mg/day) were 1.6 vs. 0.7 in the NHS, 1.8 vs.
0.8 in HPFS, and 0.77 vs. 0.24 and 0.67 vs. 0.23 in JPHC.
Large numbers of colorectal cancer cases were accrued in
these three studies: 1,079 cases among 69,345 women in
NHS, 1,035 cases among 45,716 men in HPFS, and 786
cases among 39,721 men and 498 cases among 45,376
women in JPHC. Animal foods are the sources of dietary
heme iron. In the Japanese study, 49 % of heme iron was
derived from fish and shellfish [46•], whereas in the U.S.
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studies, the main source of heme iron was red meat and
chicken (approximately 60–70 %) [47•].

Conclusions

During the past decades, a large number of epidemiological
studies on humans have examined the association between
red meat and/or processed meat intake and the risk of
incident colorectal cancer in different populations. This
includes studies with different designs [24••]. Evidence
from randomized controlled trials is limited because of
implementation difficulties and ethical concerns. Findings
are mostly accumulated from observational investigations,
of which cohort studies are less prone to bias than case-
control studies [48]. Well-conducted, large-scale prospec-
tive cohorts with a long follow-up, for instance, NHS,
HPFS, NIH-AARP Diet and Health Study, MEC, Iowa
Women’s Health Study, Cancer Prevention Study II, The
Netherlands Cohort Study, Swedish Mammography Cohort,
EPIC, Melbourne Collaborative Cohort Study, JPHC, and
Shanghai Women’s Health Study, have contributed results.
Previous dose-response and highest versus lowest meta-
analyses of published data showed a moderate increased
risk for colorectal cancer with total red meat and processed
meat, fresh red meat, and processed meat [9]. There was
little heterogeneity between studies on fresh red meat and
processed meat, but moderate heterogeneity between studies
on total red meat and processed meat was observed. The
magnitude of associations with fresh red meat and processed
meat are comparable in the meta-analysis. Results from
studies published in 2011 and 2012 are inconsistent, but
generally point toward an increased risk. Studies on meat
constituents and related carcinogens hypothesized to have
putative roles in colorectal cancer development, although
not entirely consistent, have suggested a positive association
with heme iron intake, whereas results for meat-related
mutagens are more variable.

The inconsistency could be explained partly by the lim-
itations of accurately measuring diet and other compounds.
Regression dilution bias due to the lack of updated exposure
data in prospective studies and measurement error in the
assessment of meat intake are particularly problematic and
could attenuate the risk estimate toward the null as shown in
previous studies [29, 32•, 49, 50]. Small numbers of cases,
in particular in some subgroup analyses, and a small range
of meat intake may hinder an individual study’s ability to
detect modest associations [27••, 51]. Failure to adjust for
relevant covariates and residual confounding are critical
issues when determining diet-cancer associations; neverthe-
less, recent studies mostly employed multivariate models
and accounted for known confounders. Genetic polymor-
phisms also may modify the association of red meat and

processed meat with colorectal cancer risk [52]. Future
studies should try to collect, with repeated measurements,
accurate estimates of meat intake and related cooking infor-
mation in a large range of populations. The development of
biomarkers for meat consumption is being researched [53].

Current American Cancer Society guidelines for cancer
prevention are to limit processed meat and red meat consump-
tion and to prepare meat by baking, broiling, or poaching
rather than by frying or charbroiling (http://www.cancer.org/
acs/groups/cid/documents/webcontent/002577-pdf.pdf) [54].
The U.K. Department of Health recommends high red
and processed meat consumers (≥90 g/day) to reduce
intake to 70 g/day (http://www.nhs.uk/Livewell/Goodfood/
Pages/meat.aspx#red) [55]. The World Cancer Research
Fund recommends the limitation of red meat intake (<500 g/
week) and the avoidance of processed meat consumption
(http://www.wcrf-uk.org/cancer_prevention/recommendations/
meat_and_cancer.php) [56]. Adherence to dietary guidelines
for red and processed meat consumption reduced colorectal
cancer risk [57, 58]. In addition, a western dietary pattern that
is characterized by a higher red and processed meat consump-
tion was associated with an increased colon cancer risk [59].
The recent evidence is overall supportive of an increased risk in
colorectal cancer with higher consumption of red meat and
processed meat. It is prudent to adhere to the recommended
dietary guidelines.
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