Red meat and processed meat

2.3 Cancer of the stomach

The Working Group focused their review
on studies that clearly defined red meat or
processed meat (see Section 1 and Section 2.1).
Studies were excluded if: (1) risk estimates were
presented for total meat (red and processed meat
combined) intake; (2) the type of meat was not
defined or included white meat; (3) fewer than
100 cases were reported, due to the limited statis-
tical power, as a large database of high-quality
studies were available; (4) a more recent report
from the same study was available; (5) risk esti-
mates, adjusted for important confounders, were
not available (crude estimates were not consid-
ered to be informative); (6) dietary patterns were
the focus; and (7) outcomes were assessed using
mortality data.

Several cohort and case—control studies,
conducted in areas all over the world, have
reported on the association between red and
processed meat intake and cancer of the stomach.
Important confounders for the assessment of this
association are age, tobacco smoking, socioeco-
nomic status (or education), and energy intake.
Infection with Helicobacter pylori is a risk factor
for cancer of the stomach, although its role in the
association between intake of red or processed
meat and cancer of the stomach is unclear. Salt
intake may also be a confounder, as there is
evidence that it increases the risk of cancer of
the stomach, and it is also present in preserved
or salted (processed) meat; however, it is diffi-
cult to distinguish the effect of salt from that of
preserved meat.

2.3.1 Cohort studies

(a)  Red meat

See Table 2.3.1 (web only; available at: http:/
monographs.iarc.fr/ENG/Monographs/vol114/
index.php)

Of the publications on cohort studies that
reported on the association between red meat

and gastric cancer in the USA, Europe, Japan,
and China, positive associations were reported in
two studies: the EPIC cohort, which followed up
521 457 participants (Gonzalez et al., 2006), and
a case—control study of 226 gastric non-cardia
cancer (GNCA) cases and 451 controls nested
within the Shanghai Men’s Health Study (SMHYS)
cohort (Epplein et al., 2014). [The Working
Group noted that the strengths of the EPIC
study (Gonzalez et al., 2006) were its large size
and analysis by subsite, histological type, and
H. pylori infection. For the study nested within
the Shanghai cohort (Epplein et al., 2014), the
Working Group noted that this population had
over 90% prevalence of CagA-positive H. pylori
infection. In addition, socioeconomic status (or
education) was not included as a covariate, and
the items included in red meat were not detailed.]

Several other studies reported no association,
or relative risks greater than one, but with wide
confidence intervals that included the null value,
between red meat consumption and gastric
cancer. These studies included a cohort of 13 250
people older than 15 years from the Fukuoka
Prefecture in Japan (Ngoan et al., 2002); a popu-
lation-based cohort of 61 433 Swedish women
(Larsson et al., 2006); the Japan Collaborative
Cohort Study for Evaluation of Cancer (JACC
Study), which included 42 513 men and 57 777
women (Iso et al., 2007); the NIH-AARP study
cohort of 494 979 individuals Cross et al. (2011);
and a cohort of 120 852 men and women in the
NLCS (Keszei et al., 2012). [The Working Group
noted that processed meat was included in the
definition of red meat in the NIH-AARP study.]

(b)  Processed meat

See Table 2.3.2

Studies investigating the association between
consumption of total processed meat, specific
processed meat are presented below. Of the
reviewed papers, we excluded papers reporting
fewerthan 100 cases (e.g. Knelleretal., 1991; Knekt
et al., 1999; Khan et al., 2004). Studies focusing
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on dietary pattern (e.g. Pham et al., 2010), studies
from mortality data (e.g. McCullough etal., 2001,
Ngoan et al.., 2002; Tokui et al., 2005; Iso et al.,
2007), studies that were overlapping or updated
(Cross et al., 2007) were excluded. Finally, seven
studies were included.

Among 7990 American men of Japanese
ancestry in a cohort study in which 150 cases
of gastric cancer were observed, Nomura et al.
(1990) reported an age-adjusted relative risk of
1.3 (95% CI, 0.9-2.0) for the highest versus the
lowest frequency of intake of ham and sausage.
[The Working Group noted that only age was
adjusted. Smoking status was related to gastric
cancer, but was not adjusted for. No subsite ana-
lysis was conducted.]

In a cohort of 11 907 randomly selected
Japanese residents of Hawaii, USA, with an
average follow-up period of 14.8 years, 108
observed cases of gastric cancer (44 women, 64
men) were identified, and no association was
observed between processed meat consumption
and incidence of gastric cancer (Galanis et al.
1998). The adjusted odds ratios for the highest
frequency compared with the lowest frequency
of consumption were 1.0 (95% CI, 0.5-1.9; 20
exposed cases) and 1.2 (95% CI, 0.6-2.4; 15
exposed cases) for men and women, respectively.
[The Working Group noted that the case number
was small, especially for women. An FFQ was
used with only 13 items. No subsite analysis was
conducted.]

Gonzalez et al. (2006) examined the asso-
ciation between processed meat consumption
and risk of gastric cancer in the EPIC study. The
adjusted hazard ratio for the association with
processed meat intake (highest vs lowest quin-
tile) was 1.62 (95% CI, 1.08-2.41; P,..., = 0.02),
which was more apparent in non-cardia cancer
(HR, 1.92; 95% CI, 1.11-3.33; P, = 0.01) than
in cardia cancer (HR, 1.14; 95% CI, 0.52-2.49;
P_... = 0.91). No difference was seen by histolo-
gical type. When H. pylori infection was consid-
ered in the case-control data set nested in the
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present study, H. pylori antibody status did not
appear to modify the association. [The Working
Group noted that it was defined that white meat
was not included. The population size was large,
and detailed information on subsite, histological
type, and H. pylori was available.]

In a population-based cohort of 61 433
Swedish women, Larsson et al. (2006) found a
positive association between long-term processed
meat consumption (using two surveys 10 years
apart) and gastric cancer risk. During 18 years
of follow-up, 156 incident cases of gastric cancer
were diagnosed. The multivariate-adjusted
hazard ratio for the highest versus the lowest
serving per week of total processed meat was
1.66 (95% CI, 1.13-2.45; 67 exposed cases). [The
Working Group noted that using a survey from
two time points enabled the effect of long-term
exposure to be seen. The number of cases was
small. No subsite analysis was conducted.]

In the NIH-American Association of Retired
Persons (NIH-AARP Diet and Health Study
cohort of 494 979 individuals, aged 50-71
years, Cross et al. (2011) investigated intake of
processed meat and meat cooking by-products
with accrued 454 gastric cardia cancers (GCAs)
and 501 GNCAs. After adjusting for impor-
tant confounders, no association was observed
between processed meat consumption and
GCA and GNCA. For the highest versus the
lowest quintile, the hazard ratios were 0.82 (95%
CI, 0.59-1.14; P, = 0.285) and 1.09 (95% CI,
0.81-1.48; P, ., = 0.329), respectively. Nitrate and
nitrite were not associated with gastric cancer.
[The Working Group noted that this was a large
study with a large number of cases, both for GCA
and GNCA ]

In the Netherlands Cohort Study (NLCS),
Keszei et al. (2012) reported on the associa-
tion between intake of processed meat and
gastric cancer risk in both men and women,
after adjusting for important confounders. The
case—cohort study consisted of 120 852 men and
women, and after 16.3 years of follow-up, 163
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GCAs and 489 GNCAs were observed. The defi-
nition of processed meat included all meat items
that had undergone some form of preservation,
including cold cuts, croquettes, and all types
of sausages. For the highest compared with the
lowest category, the relative risks of intake of
processed meat for GCA and GNCA were 1.49
(95% CI, 0.81-2.75; P, ., = 0.34; 32 exposed
cases) and 1.19 (95% CI, 0.78-1.79; P,,., = 0.36;
77 exposed cases), respectively, in men. [The
Working Group noted that the number of cases
for gastric cancer of the cardia was small. A
detailed FFQ with 150 items was used.]

Epplein et al. (2014) investigated the interac-
tion between preserved meat, comprising intake
of smoked meat, salted meat, and “Chinese”
sausage, and H. pylori infection among 226
GNCA cases and 451 controls nested within the
Shanghai Men’s Health Study (SMHS prospec-
tive cohort. Overall, after adjusting for important
confounders, including age, education, smoking,
and total energy, preserved meat intake was not
associated with gastric cancer. For the highest
compared with the lowest category of intake, the
relative risk of preserved meat was 1.01 (95% CI,
0.66-1.55; P, . ,=0.99). An effect modification by
H. pylori was not apparent (P, . .., = 0.09). [The
Working Group noted that information on H.
pyloriinfection was available. This was a study in
a population with over 90% prevalence of CagA-
positive H. pyloriinfection. Socioeconomic status
or education was not adjusted for. Processed meat
intake was low in the study population.]

2.3.2 Case—control studies

(a)  Red meat

See Table 2.3.3 (web only; available at: http://
monographs.iarc.fr/ENG/Monographs/vol114/
index.php)

The Working Group reviewed 20 reports from
case—control studies of gastric cancer reporting
on the association with consumption of red meat
(La Vecchia et al., 1987; Kono et al., 1988; Ward

et al., 1997; De Stefani et al., 1998; Ji et al., 1998;
Tavani et al., 2000; Palli et al., 2001; Takezaki
et al., 2001; Chen et al., 2002; Huang et al., 2004;
Lissowska et al., 2004; Wu et al., 2007; Hu et al.,
2008; Navarro Silvera et al., 2008; Pourfarzi etal.,
2009; Gao et al, 2011; Wang et al.,, 2012, 2014;
Ward et al., 2012; Zamani et al., 2013). Although
odds ratios greater than one were reported in all
but three studies (Kono et al., 1988; Jietal., 1998;
Huang et al., 2004), the studies had several meth-
odological limitations, including low precision
power resulting from a small number of cases,
use of an FFQ that may not have been validated,
lack of adjustment for important confounders
(e.g. smoking, total energy intake), inclusion of
processed meat in the definition of red meat,
and issues with the selection of hospital-based
controls. Few studies reported analyses by
subsite. The Working Group put more emphasis
on two well-designed population-based case-
control studies from the USA (Wu et al., 2007)
and Canada (Hu et al., 2008) that used validated
FFQs and adjusted for important confounders.

(b)  Processed meat

The Working Group reviewed several case-
control studies of gastric cancer that reported on
the association with consumption of processed
meat. Few studies were hospital-based (Lee et al.,
1990; Boeing et al., 1991b; De Stefani et al., 1998,
2012; Huang et al., 2004), and the majority were
population-based (Risch et al., 1985; La Vecchia
et al., 1987; Sanchez-Diez et al., 1992; Ward &
Lopez-Carrillo, 1999; Palli et al., 2001; Takezaki
etal.,2001; Chen et al., 2002; Nomura et al., 2003;
Lissowska et al., 2004; Wu et al., 2007; Navarro
Silvera et al., 2008; Pourfarzi et al., 2009; Hu
et al., 2011; Ward et al., 2012).

(i)  Hospital-based case-control studies

See Table 2.3.4

Several hospital-based case-control studies of
gastric cancer were conducted in Taipei, Taiwan,
China (Lee et al., 1990), Germany (Boeing et al.,
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1991a, b), Uruguay (De Stefani et al., 1998, 2012),
and Japan (Huang et al., 2004). All but two
studies (Huang et al., 2004; De Stefani et al.,
1998) reported increased risks of gastric cancer
associated with processed meat consumption in
multivariable models. The possibility of selec-
tion bias (due to the selection of hospital-based
controls that may have been admitted for condi-
tions leading to modifications in diet), recall bias,
and confounding (due to inadequate adjustment
for potential confounding variables) could not be
ruled out.

(i)  Population-based case-control studies

See Table 2.3.5

Several  population-based  case-control
studies of gastric cancer that reported on
processed meat consumption were identi-
fied from Canada (Risch et al., 1985; Hu et al.,
2011), Italy (La Vecchia et al., 1987; Palli et al,,
2001), Poland (Boeing et al., 1991a; Lissowska
et al., 2004), Spain (Sanchez-Diez et al., 1992),
Mexico (Ward & Lopez-Carrillo, 1999), China
(Takezaki et al., 2001), the Islamic Republic of
Iran (Pourfarzi et al., 2009), and the USA, specif-
ically Nebraska (Chen et al., 2002; Ward et al.,
1997, 2012), Hawaii (Nomura et al., 2003), Los
Angeles (Wu et al., 2007), Connecticut, New
Jersey, and western Washington state (Navarro
Silvera et al., 2008).

Nearly all the studies reported odds
ratios above one, although chance, bias, and
confounding could not be ruled out as possible
explanations for the observed excesses due to
study limitations, including inadequate adjust-
ment for potential confounders (e.g. tobacco
smoking, total energy intake), recall bias, and
information bias (e.g. large amount of informa-
tion obtained from proxy respondents).

However, no association between processed
meat and gastric cancer was reported in a popu-
lation-based case-control study from 1988 to
1994 in Nebraska, USA (Ward et al., 2012): the
multivariate odds ratio for the highest versus
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the lowest quartile of processed meat consump-
tion was 0.97 (95% CI, 0.51-1.85; P, = 0.87; 46
exposed cases). Although, in a previous study,
Ward et al. (1997) reported a positive association
between processed meat and gastric cancer based
on servings per day (P, .., = 0.06). The 2012 publi-
cation conducted a more accurate analysis, esti-
mating grams per day and considering adequate
confounding factors. [The Working Group noted
that the response rate was high. No subsite ana-

lysis was conducted.]

2.3.3 Meta-analyses
(a) Red meat

Among the meta-analyses published on
gastric cancer and meat consumption, Song
et al. (2014) was the most recent and compre-
hensive, including 18 studies (4 cohort studies,
14 case—control studies) and 1 228 327 subjects,
published between 1997 and 2013. Two case-
control studies, Wang et al. (2012) and Navarro
Silvera et al. (2008) were not included in the
meta-analysis. [Therefore, the Working Group
did not place great weight on the meta-analysis.]
In the meta-analysis, high-red meat intake was
found to be associated with an increased risk
of gastric cancer. The summary relative risk of
gastric cancer for the highest compared with the
lowest categories was 1.37 (95% CI, 1.18-1.59;
Py cterogencity < 0-001; I = 67.6%). A significant asso-
ciation was also observed with population-based
case-control studies (RR, 1.58;95% CI, 1.22-2.06;
Py ierogeneiy < 0.00L; 2 = 73.0%) and hospi-
tal-based case—control studies (RR, 1.63; 95% CI,
1.38-1.92; Py rogenety = 0-284; I2 = 19.1%), but not
with cohort studies (RR, 1.00; 95% CI, 0.83-1.20;
Py crerogencity = 0-158; I = 33.9%). A significant asso-
ciation was also shown in the subgroup analysis
by geographical area (Asia, Europe), publication
year (= 2000), sample size (< 1000, > 1000), and
study quality score. The dose-response analysis
revealed that gastric cancer was associated with a
17% increased risk per 100 g/day increment of red
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meat intake (RR, 1.17; 95% CI, 1.05-1.32). [The
Working Group noted that the dose-response
analysis did not distinguish between cohort and
case—control studies.]

(b)  Processed meat

The most recent and comprehensive
meta-analysis on the association between
processed meat and gastric cancer was reported
by Larsson et al. (2006). The meta-analysis
included seven prospective cohort studies and
14 case—control studies. The summary relative
risks of gastric cancer for the highest compared
with the lowest categories of red meat intake
were 1.24 (95% CI, 0.98-1.56; Py ,ogonciy = 0-04)
for cohort studies and 1.63 (95% CI, 1.31-2.01;
Py eierogencity = 0-06) for case-control studies. In
an exposure-response analysis, the meta-rela-
tive risks for gastric cancer were 1.15 (95% CI,
1.04-1.27) for cohort studies and 1.38 (95% CI,
1.19-1.60) for case-control studies per 30 g/day
increment of processed meat intake. An elevated
risk was also observed for the highest compared
with the lowest categories of intake of specific
items of processed meat. For bacon, the relative
risks were 1.38 (1.12-1.71) for cohort studies and
1.37 (1.06-1.78) for case—control studies, and for
sausage, the relative risks were 1.26 (0.92-1.72)
for cohort studies and 1.49 (1.09-2.03) for case-
control studies. [The Working Group noted
that one case-control study in Paraguay (Rolon
et al., 1995) was not included. Specific items of
processed meat such as ham, bacon, or sausage
were analysed separately from processed meat.]
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