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ABSTRACT

Background: Red and processed meats have been shown to be
associated with colorectal adenomas in many, but not all, studies,
and the association according to the type of colorectal adenoma or
the location in the colorectum is unclear.

Objectives: We investigated the association of meat intake in re-
lation to colorectal polyps and further investigated the association
according to histologic subtypes and subsites in a large population-
based screening study in Germany.

Design: In this cross-sectional study, 15,950 participants aged
=55 y underwent a screening colonoscopy. We calculated preva-
lence ratios (PRs) and 95% CIs for associations between meat in-
take and the most-advanced findings from a colonoscopy with the
use of log binomial regression.

Results: Overall, 3340 participants (20.4%) had nonadvanced ad-
enomas, 1643 participants (10.0%) had advanced adenomas, and
189 participants (1.2%) had colorectal cancer. We observed no
statistically significant association between red or processed meat
consumption and the prevalence of any adenomas or advanced
adenomas [highest compared with lowest: red meat, PR: 1.07
(95% CI: 0.83, 1.37); processed meat, PR: 1.11 (95% CI: 0.91,
1.36)]. In site-specific analyses, although no dose-response rela-
tion was observed, processed meat was positively associated with
the prevalence of advanced adenomas in the rectum only (multiple
times per day compared with <1 time/wk, PR: 1.87; 95% CI: 1.19,
2.95). Poultry intake was not associated with any outcome.
Conclusions: On the basis of this large colonoscopy-based study,
there are no significant associations between red or processed
meat intake and the prevalence of any adenomas or advanced
adenomas. However, processed meat may be positively associated
with the prevalence of advanced adenomas in the rectum, but
prospective cohort studies are needed to further clarify this asso-
ciation. There is no association between poultry consumption
and the prevalence of colorectal polyps in this study. Am J
Clin Nutr 2017;105:1453-61.
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INTRODUCTION

Evidence has accumulated that the consumption of red and
processed meats is a risk factor for colorectal cancer (CRC)Y’ (1-
3). In 2015, the International Agency for Research on Cancer
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classified the consumption of processed meat as carcinogenic to
humans, whereas intake of red meat was classified as probably
carcinogenic to humans (4); however, not all studies have pro-
vided support of increased risk.

Many studies that have examined colorectal adenomas, which
are the precursor lesions for the majority of CRCs, have also shown
increased risk with red and processed meat intake (5-7). Although
2 recent meta-analyses concluded that intake of red and processed
meat is associated with increased risk of colorectal adenomas, not
all studies have shown increased risk, and there has often been
inconsistency and heterogeneity by study design (5, 6). Most of
the studies that were included in the meta-analyses were case-
control studies in which diet was assessed after a colonoscopy,
and ~50% of the previous studies relied on sigmoidoscopy to
identify cases and controls. The largest colonoscopy-based case-
control study to date included 1881 patients with adenomas and
3764 polyp-free control subjects (8). Furthermore, only a few of
the previous studies differentiated between advanced and non-
advanced adenomas and between specific locations in the color-
ectum. Therefore, because of the limited number of studies, it
is uncertain whether the association varies according to the type
of colorectal adenoma or the location in the colorectum. In con-
trast with intake of red and processed meat, on the basis of
the limited available evidence, intake of poultry was not associ-
ated with risk of colorectal adenomas (9, 10).

Therefore, the aim of this analysis was to investigate the as-
sociation of meat intake (red meat, processed meat, and poultry)
in relation to the presence of colorectal polyps and to further
investigate this association according to histologic subtypes and
subsites in a large population-based screening study in Germany.
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METHODS

Study design and study population

The KolosSal (Effektivitat der Fritherkennungs-Koloskopie:
Eine Saarland-weite Studie) study is a statewide cohort study
that was initiated in 2005 in Saarland, which is a federal state
(population: 1.02 million in 2010) in the southwest of Germany.
The primary aim of this study is to monitor the long-term re-
duction in CRC incidence and mortality in participants of a
screening colonoscopy. Participants who underwent a screening
colonoscopy and were recruited in 33 gastroenterology practices
in Saarland were eligible for participation if they were residents
of Saarland and aged =55 y. This cross-sectional analysis was
based on baseline data of participants who were recruited be-
tween May 2005 and November 2014. More information about
the study has been described elsewhere (11-14). The KolosSal
study was approved by the ethics committees of the University
of Heidelberg and the Medical Association of Saarland. Written
informed consent was obtained from each participant.

Data collection

Patients were asked to fill out a standardized questionnaire
on personal and family medical histories and sociodemographic
and lifestyle factors at or after consultation for a colonoscopy
in the practices. Results from the screening colonoscopy were
extracted from colonoscopy and histology reports and were
transferred to a standardized form by 2 trained investigators
who were blinded with respect to questionnaire data. Results
recorded included the number, location, size and histologic
classification of the polyps. In addition, the completeness of
the colonoscopy (cecum reached during the colonoscopy) and
quality of the bowel preparation were recorded. Discrepancies
in the recorded results between the 2 investigators were resolved
by further review and discussion.

Dietary assessment

Participants completed a 6-item food-frequency question-
naire (FFQ) that included 3 specific meat items. Participants
were asked to report their average frequency of consumption of
red meat (fresh pork, beef, or lamb), processed meat (sausages
or lunch meat made from either red meat or poultry), and poultry
(fresh poultry) in the previous 12 mo (6 possible responses that
ranged from never to >1 time/d). Other food items included
fruit, vegetables and salad, and whole grains [whole-grain
bread and whole-grain products (e.g., muesli)]. The FFQ did
not assess portion sizes. We reduced the number of intake
groups from 6 to 4 to have comparison groups of roughly equal
sizes in terms of the number of participants. The categories were
different for red meat, processed meat, and poultry because of the
differences in the distribution of the participants for each meat
subtype.

Statistical analysis

The demographic characteristics and further potential CRC
risk factors of participants with and without neoplasms were
compared with the use of chi-square and ¢ tests. Participants were
classified according to the occurrence of the most advanced of
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the following findings: CRC; advanced adenoma (defined as
presence of at least one adenoma with at least one of the fol-
lowing features: =1 cm in diameter, tubulovillous or villous
components, or high-grade dysplasia); other adenoma; hyper-
plastic polyp (HPP); or unspecified polyp. Participants with
none of the aforementioned findings from a screening colono-
scopy were used as the comparison group in this analysis.

Log binomial regression was used to calculate prevalence
ratios (PRs) of the association between reported intake of meat
(red meat, processed meat, and poultry) and the aforementioned
findings from the colonoscopy (15). Poisson regression was used
when the log binomial model failed to converge. We calculated
basic models, which included age at colonoscopy and sex, and
multivariate models, including the following known risk factors
and factors that were differentially distributed between the dif-
ferent types of meat intake (P < 0.10) (in addition to age at
colonoscopy and sex): school education (=10 or >10 y); BMI
(in kg/m?; <25, 25-30, or >30); family history of CRC (yes or
no); smoking (never, former, or current); alcohol consumption
(none and quartiles of the amount of ethanol in grams); physical
activity (quartiles of metabolic equivalents); current, regular use
of nonsteroidal anti-inflammatory drugs (including aspirin) (yes
or no); fruit intake (<1 or =1 time/d), vegetable intake (<1 or
=1 time/d), and previous colonoscopy (yes or no). We also
examined the associations between meat intake and adenomas
that were stratified by the history of a previous colonoscopy, age,
sex, BMI, and smoking status. We tested for interactive effects
by including a cross-product term along with the main effect
terms in the log binomial models. We performed subanalyses by
subsite (proximal colon: cecum to splenic flexure; distal colon:
descending colon to sigmoid colon; and rectum), morphology
(tubular, and tubulovillous or villous), grade of dysplasia (mild,
and moderate or high), size (<1 and =1 cm), and shape (flat,
pedunculated, sessile, and other) of the adenomas. Most patients
who were included in the study returned the completed ques-
tionnaire before their colonoscopy (n = 8888; 54%), some pa-
tients returned it after their colonoscopy (n = 1707; 11%), and
approximately one-third of the participants were recruited by
mail shortly after their screening colonoscopy because of over-
loads in the practices (n = 5746; 35%). To account for possible
biases from this variance, additional sensitivity analyses were
carried out by comparing subjects who completed the question-
naire before a colonoscopy and subjects who completed it after a
colonoscopy. Statistical tests were 2 sided, with o = 0.05. All
analyses were performed with the use of SAS version 9.3 soft-
ware (SAS Institute Inc.).

RESULTS

Overall, 19,177 participants were recruited during the study
period. For this analysis, we excluded participants who did not
complete the questionnaire (n = 261), had missing colonoscopy
information (n = 176), did not know if they had a previous
colonoscopy (n = 67), had an incomplete colonoscopy (n = 276),
had poor bowel preparation (n = 1375), had a history of
inflammatory bowel disease (Crohn disease, ulcerative colitis)
(n = 258), had missing information on intakes of both red and
processed meats (n = 378), were aged <55 y (n = 45), or had
unspecified polyps (n = 391). A total of 15,950 participants
were included in this analysis [5172 subjects with neoplasms

8102 JoqWIBAON | U0 1s8Nb Aq £6/69G /€S 1/9/G01A0BISqR-8]o1E/UfE/W0D" dNO"dIWSPEdE//:SARY WO} POPEOJUMOQ



MEAT AND COLORECTAL POLYPS

1455

Patients recruited in the KolosSal study between 2005-2014 (n=19,177)

Did not complete questionnaire (n=261)

Missing colonoscopy information (n=176)

Unknown if previous colonoscopy (n=67)

Incomplete colonoscopy (n=276)

Poor bowel preparation (n=1375)

History of inflammatory bowel disease (n=258)

Missing information on both red and processed meat (n=378)

<55 years (n=45)

VA A A A A I A

Unspecified polyp (n=391)

Total study participants (n=15,950)

|

Colorectal cancer (n=189)

Most advanced finding at colonoscopy:

Advanced adenoma (n=1643)
Non advanced adenoma (n=3340)
Hyperplastic polyp (n=1717)
No finding (n=9061)

FIGURE 1 Flow diagram illustrating the exclusion of study participants from this analysis. KolosSal, Effektivitat der Friiherkennungs-Koloskopie: Eine

Saarland-weite Studie.

(consisting of 3340 nonadvanced adenomas, 1643 adenomas,
and 189 CRCs) and 10,778 subjects without neoplasms (including
1717 HPPs and 9061 subjects with no finding)] (Figure 1).

The characteristics of the study participants are presented
in Table 1. Compared with participants without neoplasms,
participants with neoplasms were more likely to be older, men,
and current smokers; drink more alcohol; and to have higher
intakes of red and processed meats, higher BMI, and a family
history of CRC. Participants without neoplasms had signifi-
cantly higher intakes of poultry, fruit, and vegetables, were more
likely to have had a previous colonoscopy, and were more likely
to have a higher level of physical activity than were participants
with neoplasms. There was no difference between the 2 groups
with respect to the current use of nonsteroidal anti-inflammatory
drugs and years of education.

In the basic model, which was adjusted for age and sex, the
prevalence of advanced adenomas increased with higher intakes
of processed meat (multiple times per day compared with
=1 time/wk) and red meat (>1 time/d compared with =1 time/wk)
(Table 2). After adjustment for potential confounders, red or
processed meat intake was not significantly associated with the

prevalence of any adenomas or advanced adenomas, respectively.
Poultry intake was not associated with the prevalence of any ad-
enoma or advanced adenoma. Also, there were no associations
with other findings or outcome definitions (HPP, nonadvanced
adenoma, advanced neoplasm, and CRC) (Supplemental Table 1).

In site-specific analyses, processed meat intake (multiple times
per day compared with =1 time/wk) was associated with the
prevalence of advanced adenomas in the rectum (PR: 1.87;
95% CI: 1.19, 2.95) but not with the prevalence of advanced
adenomas in the proximal colon (PR: 1.03; 95% CI: 0.71, 1.50)
or distal colon (PR: 0.87; 95% CI: 0.62, 1.23), although no dose-
response relation was observed (Table 3). A nonsignificant
positive association was observed for processed meat intake and
the prevalence of any adenomas (PR: 1.38; 95% CI: 0.99, 1.90)
in the rectum, which were largely due to the higher prevalence
of advanced adenomas (7.8% compared with 4.7%). No asso-
ciations were observed between red meat or poultry intake and
the prevalence of advanced adenomas or any adenomas with
regard to their location in the colorectum.

In subgroup analyses, red meat intake (=1 time/d compared
with <1 time/wk) was positively associated with the prevalence
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TABLE 1
Characteristics of the study participants'
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Baseline characteristics

Total (n = 15,950)

Participants without
neoplasms (n = 10,778)

Participants with
neoplasms (n = 5172)

Age?y 63.3 + 6.8 62.9 + 6.8 643 £ 7.0
Sex, F, n (%) 8070 (50.6) 6045 (56.1) 2025 (39.1)
Education =10y, n (%) 5719 (36.2) 3908 (36.6) 1811 (35.4)
BMI, kg/m?, n (%)
<25 5048 (32.1) 3563 (33.5) 1485 (29.1)
25-29.9 7222 (45.9) 4762 (44.8) 2460 (48.2)
=30 3453 (22.0) 2295 (21.6) 1158 (22.7)
Family history of CRC, yes, n (%) 2149 (13.7) 1394 (13.1) 755 (14.8)
Smoking, n (%)
Never 7858 (50.9) 5595 (53.4) 2263 (45.6)
Former 5927 (38.4) 3900 (37.2) 2027 (40.9)
Current 1653 (10.7) 982 (9.4) 671 (13.5)
Alcohol quartiles (ethanol), g/d, n (%)
0 3598 (23.9) 2599 (25.7) 999 (20.4)
0.1-5.6 2883 (19.2) 2025 (20.0) 858 (17.5)
5.7-10.3 2831 (18.8) 1960 (19.4) 871 (17.8)
10.4-19.0 2819 (18.8) 1826 (18.0) 993 (20.3)
=19.1 2893 (19.3) 1715 (16.9) 1178 (24.1)
Physical activity quartiles, MET-h/wk, n (%)
<48.2 3870 (24.7) 2517 (23.8) 1353 (26.7)
48.2 to <91.0 3925 (25.1) 2635 (24.9) 1290 (25.5)
91.0 to <150.4 3917 (25.0) 2735 (25.9) 1182 (23.3)
=150.4 3835 (25.1) 2695 (25.5) 1240 (24.5)
Current regular NSAID use, n (%) 3261 (21.0) 2214 (21.1) 1047 (20.8)
Previous colonoscopy, yes, n (%) 4971 (31.2) 3476 (32.2) 1495 (28.9)
Red meat intake, n (%)
<1 time/wk 2594 (16.3) 1832 (17.0) 762 (14.7)
1 time/wk 5463 (34.3) 3801 (35.3) 1662 (32.1)
Multiple times per week 7180 (45.1) 4689 (43.5) 2491 (48.2)
=1 time/d 700 (4.4) 444 (4.1) 256 (4.9)
Processed meat intake, n (%)
=1 time/wk 3243 (20.3) 2315 (21.5) 928 (17.9)
Multiple times per week 6618 (41.5) 4482 (41.6) 2136 (41.3)
1 time/d 4961 (31.1) 3258 (30.2) 1703 (32.9)
Multiple times per day 1128 (7.1) 723 (6.7) 405 (7.8)
Poultry intake, n (%)
Never 949 (6.1) 594 (5.6) 355 (7.1)
<1 time/wk 5780 (37.1) 3898 (37.0) 1882 (37.4)
1 time/wk 6038 (38.8) 4019 (39.0) 1929 (38.4)
>1 time/wk 2799 (18.0) 1935 (18.4) 864 (17.2)
Fruit intake, time/d, n (%)
<1 5638 (35.4) 3655 (34.0) 1983 (38.4)
=1 10267 (64.6) 7093 (66.0) 3174 (61.6)
Vegetable intake, time/d, n (%)
<1 6783 (42.6) 4425 (41.1) 2358 (45.6)
=3 9150 (57.4) 6341 (58.9) 2809 (54.4)

"Numbers of participants do not always equal total numbers because of missing values for some variables. CRC, colorectal
cancer; NSAID, nonsteroidal anti-inflammatory drug; MET-h, metabolic equivalent task hours.

2
Values are means * SDs.

of advanced adenomas in participants aged =65 y (PR: 1.48;
95% CI: 1.06, 2.05) but not with the prevalence of advanced
adenomas in participants aged <65 y. However, no trend in
categorical prevalence estimates was observed for advanced
adenomas in participants aged =65 y. Although the test for the
multiplicative interaction between age and meat intake was not
significant, power may have been limited because of the smaller
subgroups (Supplemental Table 2). There was also no sug-
gestion of an effect modification by sex, BMI, or smoking
status (Supplemental Tables 3-5). A history of a previous

colonoscopy did not alter our main findings, and no differences
were shown in PRs of all polyp types for red meat, processed
meat, or poultry intake (Supplemental Table 6).

High intake of processed meat (>1 time/d compared with
=1 time/wk) was nonsignificantly associated with the prevalence
of any adenoma (PR: 1.72; 95% CI: 0.88, 3.38) and advanced
adenomas (PR: 1.76; 95% CI: 0.84, 3.66) with moderate or high
dysplasia but was not associated with adenomas with mild dys-
plasia (Supplemental Table 7). No differences in PRs were ob-
served for small or large advanced adenomas, and no differences
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Association between red meat, processed meat, and poultry and prevalence of any adenoma (nonadvanced and advanced adenoma) and advanced adenoma'

Any adenoma (n = 4983)

Advanced adenoma (n = 1643)

No finding
Meat intake (n =9061), n (%) n (%) PR? (95% CI)> PR (95% CI)* n (%) PR (95% CI)* PR (95% CI)*
Red meat®
<1 time/wk 1573 (60.6) 725 (27.9) 1.0 (reference) 1.0 (reference) 221 (8.5) 1.0 (reference) 1.0 (reference)
1 time/wk 3206 (58.7) 1609 (29.4) 1.02 (0.95, 1.10) 0.98 (0.91, 1.06) 536 (9.8) 1.09 (0.95, 1.26) 1.06 (0.91, 1.24)
Multiple times per week 3900 (54.3) 2401 (33.4) 1.09 (1.02, 1.17) 1.02 (0.95, 1.10) 797 (11.1) 1.18 (1.02,1.35)  1.07 (0.92, 1.24)
=1 time/d 373 (53.3) 247 (35.3) 1.11 (099, 1.24) 1.03 (0.91, 1.16) 89 (12.7) 1.27 (1.02, 1.59) 1.07 (0.83, 1.37)
Per increase in group — — 1.04 (1.02, 1.07) 1.01 (0.98, 1.05) — 1.08 (1.02, 1.14)  1.02 (0.96, 1.09)
Processed meat
=1 time/wk 1979 (61.0) 893 (27.5) 1.0 (reference) 1.0 (reference) 273 (8.4) 1.0 (reference) 1.0 (reference)
Multiple times per week 3779 (57.1) 2061 (31.1) 1.04 (0.97, 1.11) 1.02 (0.95, 1.09) 685 (10.4) 1.10 (0.97, 1.25) 1.05 (0.91, 1.21)
1 time/d 2714 (54.7) 1640 (33.1) 1.09 (1.02, 1.16) 1.02 (0.95, 1.10) 531 (10.7) 1.14 (1.00, 1.31) 1.02 (0.88, 1.19)
Multiple times per day 589 (52.2) 389 (34.5) 1.09 (1.00, 1.20) 0.98 (0.88,1.08) 154 (13.6) 1.34 (1.12,1.61) 1.11 (0.91, 1.36)
Per increase in group — — 1.04 (1.01, 1.06) 1.00 (0.97, 1.03) — 1.08 (1.03, 1.14)  1.02 (0.96, 1.08)
Poultry®
Never 495 (52.2) 338 (35.6) 1.0 (reference) 1.0 (reference) 116 (12.2) 1.0 (reference) 1.0 (reference)
<1 time/wk 3297 (57.0) 1806 (31.2) 0.91 (0.84,0.98) 0.93 (0.85, 1.01) 617 (10.7) 0.88 (0.76, 1.03) 0.97 (0.82, 1.15)
1 time/wk 3454 (57.2) 1869 (30.9) 0.92 (0.85, 1.00) 0.94 (0.86, 1.02) 595 (9.8) 0.86 (0.73, 1.00) 0.93 (0.78, 1.11)
>1 time/wk 1610 (57.5) 832 (29.7) 0.91 (0.83, 1.00) 0.95 (0.86, 1.05) 269 (9.6) 0.86 (0.72, 1.03)  0.92 (0.75, 1.12)
Per increase in group — — 0.98 (0.96, 1.01) 0.99 (0.97, 1.03) — 0.96 (0.91, 1.02) 0.97 (0.91, 1.03)

'Log binomial regression was used to calculate PRs.
2 PR, prevalence ratio.
3PRs were adjusted for age at colonoscopy and sex.

“PRs were adjusted for age at colonoscopy, sex, school education (<10 or >10 y), BMI (in kg/m?; <25, 25-30, or >30), family history of CRC (yes or
no), smoking (never, former, or current), alcohol (none and quartiles of the amount of ethanol in grams), physical activity (quartiles of metabolic equivalents),
current regular use of nonsteroidal anti-inflammatory drugs (yes or no), fruit intake (<1 or =1 time/d), vegetable intake (<1 or =1 time/d), and previous

colonoscopy (yes or no).
3 Information was missing for 10 participants.
® Information was missing for 343 participants.

were observed when any adenomas and advanced adenomas were
investigated according to morphology (tubular, and tubulovillous
or villous), or shape (flat, pedunculated, sessile, and other)
(Supplemental Tables 8 and 9). The results did not materially
change in sensitivity analyses when we compared subjects who
completed the questionnaire before a colonoscopy and those who
completed it after a colonoscopy (Supplemental Table 10).

DISCUSSION

In this large colonoscopy-based screening study, we showed
no significant overall association between red or processed meat
consumption and the prevalence of any adenomas or advanced
adenomas, respectively. In highest compared with lowest analyses,
we showed a significant positive association for advanced rectal
adenomas with processed meat intake although no dose-response
relation was observed. In subgroup analyses, red meat was posi-
tively associated with the prevalence of advanced adenomas in
participants aged =65 y only. To our knowledge, this is the largest
colonoscopy-based study to date that has investigated meat intake
and associations with colorectal polyps according to subsites and
histologic subtypes.

Two meta-analyses that were published in 2013 provided evi-
dence that red and processed meats are associated with increased
risk of colorectal adenomas (5, 6). However, to date, only a limited
number of studies, to our knowledge, have investigated the as-
sociation between red or processed meat according to subsites
within the colorectum, and the results have been inconsistent.

Aune et al. (5) reported that red meat (per 100 g/d) was associated
with adenomas in the colon (RR: 1.58; 95% CI: 1.03, 2.45; n = 2),
distal colon (RR: 1.22; 95% CI: 1.03, 1.44; n = 3), and distal
colon and rectum (RR: 1.23; 95% CI: 1.08, 1.40; n = 6) but not
with adenomas in the proximal colon (RR: 1.25; 95% CI: 0.87,
1.80; n = 3) or with rectal adenomas (RR: 1.07; 95% CI: 0.74,
1.53; n = 2) when studies were pooled in a meta-analysis. Pro-
cessed meat (per 50 g/d) was associated with adenomas in the
distal colon (RR: 1.47; 95% CI: 1.10, 1.97; n = 2) and distal colon
and rectum (RR: 1.38; 95% CI: 1.00, 1.91; n = 2) but not with
rectal adenomas alone (RR: 1.10; 95% CI: 0.55, 2.16; n = 1).
Xu et al. (6) did not provide results that were stratified by
location in the colorectum. In our study, the association with
processed meat intake was restricted to advanced adenomas in
the rectum. Further large studies are warranted to clarify
whether red or processed meat consumption varies according
to colorectal subsites.

Both meta-analyses also reported summary estimates for the
type of adenoma and red meat. Aune et al. (5) showed a positive
association with both advanced adenomas [highest compared
with lowest, RR: 1.38 (95% CI: 1.04, 1.84); n = 2] and non-
advanced adenomas (RR: 1.31; 95% CI: 1.10, 1.57; n = 2),
whereas Xu et al. (6) showed no associations for advanced ad-
enomas [per 100 g/d, RR: 1.49 (95% CI: 0.89, 2.48); n = 4] or
nonadvanced adenomas (RR: 1.26; 95% CI: 0.87, 1.83; n = 3).
Xu et al. (6) reported results from one study on processed meat
intake (per 50 g/d) and the type of adenoma but did not find an
association (16).
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MEAT AND COLORECTAL POLYPS

Although we detected a positive association between red meat
and the prevalence of advanced adenomas in participants =65 y
of age, it is difficult to draw a conclusion because we did not
observe a significant effect modification. A number of studies
have presented results that were stratified by sex but either did not
find significant interactions (17—19) or had mixed results (20-25).
To our knowledge, this is the first study to present results that
were stratified by BMI. Fu et al. (8) showed that cigarette
smoking and high meat intake were more strongly associated with
increased risk of adenomas and with HPPs than in nonsmokers
with lowest intake of red meat. However, if analyses were strat-
ified by smoking status, such as in our study, both studies suggest
that there is no effect modification by smoking. We did not
observe differences according to adenoma size despite one of the
systematic reviews having reported only increased risk of large
adenomas (=1 cm diameter) with higher red meat intake (5).
To our knowledge, this is the first study to report associations by
adenoma shape and the largest to report results by morphology.

As identified in the review by Aune et al. (5), none of the
previous case-control studies conducted analyses that were re-
stricted to participants with a previous colonoscopy. We hypoth-
esized that, by analyzing the association stratified by a history
of a previous colonoscopy, the results should give us an idea about
recent meat consumption in individuals with a previous colono-
scopy and the potential removal of precursors than with lifetime
consumption in individuals who never had a colonoscopy. In
stratified analyses, we did not observe a difference in the asso-
ciation. The FFQ that was used in our study asked about dietary
intake in the previous 12 mo, which might not be the most relevant
time period for the development of adenomas, although we hy-
pothesize that the time period reflected by the FFQ is much longer.
However, meat intake may be more relevant for the progression
of polyps to carcinomas rather than for polyp initiation (9).

Although some evidence has suggested that red and processed
meats are associated with CRC and adenomas, not all studies
have been consistent, and moreover, the mechanisms to explain
these associations remain unclear. One hypothesis relates to the
formation of N-nitroso compounds, which can be formed in
processed meats from the addition of nitrate and nitrites (26).
Positive associations for nitrate or nitrite intakes from meat in
relation to colorectal adenomas were observed in some (19, 27)
but not all (28) studies. Red meat also contains heme iron, which
likewise promotes the formation of N-nitroso compounds (29).
Some epidemiologic evidence has suggested an association be-
tween heme-iron intake (which is often derived from meat-
intake variables on FFQs) and CRC (30, 31); however, only a
limited number of studies have investigated the association of
heme iron with adenomas and have shown mixed results (19, 28,
32-35). Furthermore, many other studies have also investigated
meat-derived mutagens (such as 2-amino-1-methyl-6-phenyl-imidazo
[4,5-b] pyridine or benzo[a] pyrene) and colorectal adenomas;
however, not all results were consistent (8, 16, 25, 28, 36-42).
Because the mechanisms of potential effects of meat consumption
on the development of colorectal neoplasms are not clear, further
studies are warranted to clarify the potential difference in asso-
ciation by location.

In contrast with red and processed meats, the World Cancer
Research Fund/American Institute for Cancer Research, in 2007,
concluded that the evidence for poultry and CRC was too lim-
ited to draw any conclusion (26). However, limited evidence has
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suggested that poultry intake is not associated with colorectal
adenomas (9, 10). In agreement with these results, poultry intake
was not associated with the prevalence of any colorectal adenomas
in this large study. To date, only a few studies, to our knowledge,
have investigated meat intake and risk of HPP and have shown
mixed results (8, 21, 43, 44). In our large study, we consistently did
not find any association between meat intake and HPP. Although
growing evidence suggests that a small proportion of HPPs may
progress to cancer via an alternative pathway (serrated pathway) to
the adenoma-carcinoma sequence (45-48), we had no specific
information about serrated precursors for a more-detailed analysis.

This study has several strengths. The large number of par-
ticipants in this statewide cohort study allowed us to perform
many stratified analyses on specific adenoma features that
were not reported previously. Also, because all participants
underwent a complete colonoscopy in this study, polyp status was
known for all participants. Despite the large size of this study, it
was not possible to detect small-to-moderate effects in subgroup
analyses. Although this analysis was cross-sectional, we were
able to include a large range of covariates in our adjusted models.
Our study also has some limitations. Although most participants
completed the questionnaire before their colonoscopy, a large
proportion completed it after their colonoscopy. However, we
conducted a sensitivity analysis that was stratified according
to the timing of questionnaire completion, which showed very
similar results. Because the presence of adenomas is rather
asymptomatic, diets in the preceding 12 mo should not have been
affected. Furthermore, the FFQ that was used in our study did
not assess portion sizes, has not been previously validated, and
was limited in the number of food items. Because of these lim-
itations, it is possible that some misclassification occurred when
grouping participants by meat intake. Because this study included
participants who underwent a screening colonoscopy, we may
have recruited a generally healthier population, which, therefore,
potentially limited the representativeness of these results. Finally,
we could not exclude the possibility of residual confounding.

In conclusion, on the basis of this large colonoscopy-based
screening study, we show no significant associations between
the consumption of red or processed meat and the prevalence of
any adenomas or advanced adenomas. However, processed meat
may be positively associated with the prevalence of advanced
adenomas in the rectum only. In contrast, data from this large
study confirm that poultry intake is not associated with colorectal
polyps. Despite the large size of our study, further prospective
studies are still warranted to confirm our findings and to clarify
the potential difference in the association by location.
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