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TABLE 2

TAKACHI ET AL

Hazard ratios (HRs) and 95% ClIs for total cancer and cardiovascular disease according to quintiles (Q) of sodium and salted food consumption: Japan Public

Health Center-based Prospective Study, 1995 and 1998-2004 (n = 77,500)

Total cancer Cardiovascular disease
No. of No. of
Median intake’ Person- years cases HR? (95% CI)  HR’ (95% CI) Person- years cases HR?(95% CI)  HR’ (95% CI)
4
Sodium
Q1 3084 113,841 876  1.00 (reference) 1.00 (reference) 114,800 416  1.00 (reference) 1.00 (reference)
Q2 4005 117,226 881 1.01(0.92, 1.11) 1.02 (0.93, 1.13) 118,218 428  1.03 (0.90, 1.17) 1.11 (0.96, 1.29)
Q3 4709 118,923 906 1.05(0.95, 1.15) 1.07 (0.96, 1.18) 119,983 386 0.93 (0.81, 1.07) 1.02 (0.87, 1.19)
Q4 5503 121,521 882 1.02(0.93, 1.12) 1.01 (091, 1.12) 122,609 403 097 (0.84, 1.11) 1.10 (0.94, 1.29)
Q5 6844 122,109 931 1.08 (0.99, 1.19) 1.04 (0.93, 1.16) 123,153 433 1.04 (0.90, 1.19) 1.19 (1.01, 1.40)
P for trend 0.10 0.61 0.78 0.06
Pickled vegetables
Q1 33 115,909 833  1.00 (reference) 1.00 (reference) 116,584 458  1.00 (reference) 1.00 (reference)
Q2 12 116,861 844  1.04 (0.95, 1.15) 1.04 (0.94, 1.15) 117,789 373 0.83 (0.73, 0.96) 0.88 (0.76, 1.01)
Q3 23 118,303 844  1.03 (0.93, 1.13) 1.01 (0.91, 1.12) 119,163 424 0.93 (0.81, 1.06) 0.98 (0.85, 1.13)
Q4 39 120,344 978  1.15(1.05, 1.26) 1.15 (1.04, 1.27) 121,649 397 0.83 (0.72, 0.95) 0.88 (0.76, 1.02)
Q5 85 122,203 977  1.13 (1.03, 1.25) 1.08 (0.97, 1.20) 123,579 414 0.85 (0.74, 0.97) 0.92 (0.79, 1.07)
P for trend <0.01 0.10 0.07 0.48
Dried and salted fish
Q1 0.5 115,798 901  1.00 (reference) 1.00 (reference) 116,548 499  1.00 (reference) 1.00 (reference)
Q2 6.4 121,052 924  1.10(1.01, 1.21) 1.08 (0.98, 1.19) 122,066 433 0.93 (0.82, 1.06) 0.97 (0.85, 1.12)
Q3 13 119,264 896  1.09 (0.99, 1.20) 1.05 (0.95, 1.16) 120,540 366 0.80 (0.70, 0.91) 0.84 (0.72, 0.97)
Q4 23 118,975 820 1.01 (0.92, 1.11) 0.99 (0.89, 1.10) 119,998 380 0.84 (0.73, 0.95) 0.88 (0.76, 1.02)
Q5 43 118,531 935  1.13(1.03, 1.24) 1.11 (1.00, 1.22) 119,610 388  0.83 (0.73, 0.95) 0.86 (0.74, 0.99)
P for trend 0.10 0.19 0.01 0.04
Salted fish roe
Q1 0.0 113,158 880  1.00 (reference) 1.00 (reference) 114,116 420  1.00 (reference) 1.00 (reference)
Q2 0.2 113,450 875 1.07 (0.97, 1.17) 1.08 (0.96, 1.22) 114,249 424 1.08 (0.95, 1.24) 1.02 (0.86, 1.21)
Q3 0.7 118,606 877 1.05(0.96, 1.16) 1.05 (0.94, 1.17) 119,674 421 1.05 (0.92, 1.20) 1.00 (0.86, 1.17)
Q4 1.6 121,082 874 1.14 (1.04, 1.26) 1.12 (1.01, 1.25) 122,147 378  1.03 (0.90, 1.19) 1.00 (0.85, 1.17)
Q5 4.7 127,323 970  1.18 (1.07, 1.29) 1.15(1.04, 1.27) 128,577 423 1.06 (0.93, 1.22) 1.08 (0.93, 1.25)
P for trend <0.01 0.01 0.71 0.27
Miso soup
Q1 42 113,632 765  1.00 (reference) 1.00 (reference) 114,404 380 1.00 (reference) 1.00 (reference)
Q2 132 114,185 876  1.09 (0.99, 1.21) 1.08 (0.97, 1.20) 115,262 374  0.93 (0.81, 1.07) 0.99 (0.85, 1.16)
Q3 218 119,013 934  1.10(1.00, 1.21) 1.09 (0.98, 1.20) 120,142 403  0.94 (0.82, 1.08) 0.97 (0.83, 1.13)
Q4 313 122,733 932 1.05 (0.95, 1.15) 1.03 (0.93, 1.14) 124,078 390 0.87 (0.75, 1.00) 0.90 (0.77, 1.04)
Q5 458 124,057 969  1.01 (0.92, 1.11) 0.99 (0.89, 1.10) 124,876 519  1.07 (0.94, 1.22) 1.09 (0.95, 1.26)
P for trend 0.60 0.36 0.30 0.35
Cooking and table salt
Ql 23 117,214 973  1.00 (reference) 1.00 (reference) 118,305 437  1.00 (reference) 1.00 (reference)
Q2 3.4 117,997 884  0.95(0.87, 1.04) 0.97 (0.88, 1.07) 118,906 430 1.03 (0.90, 1.18) 1.05 (0.91, 1.21)
Q3 44 118,323 896 0.99 (0.91, 1.09) 1.02 (0.92, 1.12) 119,392 409 1.01 (0.88, 1.15) 1.06 (0.92, 1.23)
Q4 5.6 119,446 845  0.94 (0.86, 1.03) 0.96 (0.86, 1.06) 120,547 370  0.91 (0.79, 1.05) 0.98 (0.84, 1.15)
Q5 8.0 120,640 878  1.02 (0.92, 1.12) 1.00 (0.89, 1.12) 121,613 420 1.08 (0.94, 1.23) 1.21 (1.03, 1.42)
P for trend 0.68 0.94 0.60 0.05

! Values for sodium intake are provided in milligrams.
2 HRs were adjusted for sex and age (5-y groups). Linear trends across quintiles of sodium or salted food intake were tested with the use of the median
consumption for each quintile as an ordinal variable.
3 HRs were further adjusted for BMI (in kg/m2 ; <19, 19-22.9, 23-24.9, 25-26.9, >27), smoking status (never, past, current), alcohol consumption
(none; occasional; 1-149, 150-299, 300449, >450 g ethanol/wk), physical activity in metabolic equivalent task-hours/d (<30, 30-34.9, 35-39.9, >40), and
quintiles of energy, potassium, and calcium.

Although the results for total cancer and major site-specific cancers
were not substantially changed (data not shown), multivariate
HRs of CVD and stroke for the highest compared with lowest
quintiles of sodium intake were greater than those before the
exclusion of these patients (HR for CVD: 1.30, 95% CI: 1.06, 1.60;
P for trend: 0.01; HR for stroke: 1.36, 95% CI: 1.09, 1.71; P for

trend < 0.01).

DISCUSSION

In this population-based prospective cohort study in Japan, we
observed that higher consumption of sodium as a whole was
associated with an increased risk of CVD but not of cancer. In
contrast, higher consumption of salted fish roe was associated
with a higher risk of cancer but not of CVD. Moreover, higher
consumption of dried and salted fish was associated with a lower
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TABLE 3
Hazard ratios (HRs) and 95% Cls for major site-specific cancers and stroke or myocardial infarction according to quintiles (Q) of sodium and salted food
consumption: Japan Public Health Center-based Prospective Study, 1995 and 1998-2004 (n = 77,500)

Gastric cancer Colorectal cancer Stroke Myocardial infarction

No. of cases  HR! (95% CI)  No. of cases HR’ (95% CI)  No.of cases HR! (95% CI)  No. of cases  HR' (95% CI)

Sodium
Q1 177 1.00 (reference) 164 1.00 (reference) 355 1.00 (reference) 64 1.00 (reference)
Q2 175 1.05 (0.84, 1.31) 161 1.05 (0.84, 1.33) 349 1.05 (0.90, 1.24) 83 1.50 (1.05, 2.14)
Q3 167 1.06 (0.84, 1.34) 163 1.08 (0.85, 1.37) 315 0.97 (0.82, 1.14) 73 1.34 (0.92, 1.96)
Q4 174 1.05 (0.83, 1.34) 171 1.08 (0.84, 1.37) 343 1.08 (0.92, 1.28) 64 1.26 (0.85, 1.88)
Q5 174 1.07 (0.83, 1.38) 177 1.10 (0.85, 1.42) 383 1.21 (1.01, 1.43) 54 1.09 (0.71, 1.68)
P for trend 0.64 0.51 0.03 0.91
Pickled vegetables
Q1 95 1.00 (reference) 163 1.00 (reference) 375 1.00 (reference) 86 1.00 (reference)
Q2 175 1.91 (1.47, 2.48) 136 0.91 (0.72, 1.15) 315 0.92 (0.78, 1.07) 62 0.74 (0.52, 1.04)
Q3 168 1.70 (1.30, 2.22) 190 1.20 (0.96, 1.50) 354 1.00 (0.86, 1.17) 75 0.94 (0.67, 1.31)
Q4 212 2.14 (1.65, 2.77) 182 1.11 (0.88, 1.40) 343 0.92 (0.79, 1.08) 55 0.69 (0.48, 1.00)
Q5 217 2.24 (1.71, 2.93) 165 0.95 (0.74, 1.22) 358 0.96 (0.81, 1.13) 60 0.75 (0.51, 1.10)
P for trend <0.01 0.71 0.80 0.22
Dried and salted
fish
Q1 129 1.00 (reference) 158 1.00 (reference) 416 1.00 (reference) 86 1.00 (reference)
Q2 195 1.56 (1.22, 1.98) 156 1.12 (0.88, 1.42) 362 0.96 (0.83, 1.12) 74 1.06 (0.76, 1.48)
Q3 199 1.57 (1.24, 2.00) 171 1.18 (0.93, 1.49) 301 0.83 (0.71, 0.97) 69 0.93 (0.65, 1.31)
Q4 173 1.48 (1.15, 1.89) 157 1.15 (0.90, 1.46) 319 0.87 (0.74, 1.02) 63 0.97 (0.68, 1.38)
Q5 171 1.46 (1.14, 1.88) 194 1.40 (1.11, 1.77) 347 0.90 (0.77, 1.06) 46 0.66 (0.44, 0.98)
P for trend 0.12 <0.01 0.22 0.03
Salted fish roe
Q1 146 1.00 (reference) 158 1.00 (reference) 343 1.00 (reference) 80 1.00 (reference)
Q2 144 1.14 (0.85, 1.51) 135 0.90 (0.68, 1.20) 354 1.05 (0.87, 1.27) 78 0.95 (0.63, 1.43)
Q3 181 1.35 (1.06, 1.72) 162 1.01 (0.79, 1.29) 345 1.02 (0.86, 1.21) 76 0.85 (0.58, 1.23)
Q4 170 1.39 (1.09, 1.77) 178 1.22 (0.96, 1.56) 333 1.08 (0.91, 1.28) 47 0.63 (0.42, 0.95)
Q5 226 1.66 (1.32, 2.09) 203 1.35 (1.07, 1.69) 370 1.14 (0.97, 1.34) 57 0.80 (0.55, 1.16)
P for trend <0.01 <0.01 0.09 0.21
Miso soup
Q1 145 1.00 (reference) 140 1.00 (reference) 317 1.00 (reference) 67 1.00 (reference)
Q2 158 1.04 (0.82, 1.33) 159 1.12 (0.88, 1.42) 302 0.95 (0.81, 1.13) 73 1.17 (0.82, 1.67)
Q3 170 1.09 (0.86, 1.39) 180 1.11 (0.88, 1.41) 350 1.00 (0.85, 1.18) 55 0.80 (0.54, 1.17)
Q4 181 1.06 (0.84, 1.35) 177 1.05 (0.82, 1.33) 335 0.91 (0.78, 1.08) 59 0.83 (0.57, 1.21)
Q5 213 1.10 (0.87, 1.39) 180 1.01 (0.80, 1.28) 441 1.12 (0.96, 1.31) 84 0.98 (0.69, 1.39)
P for trend 0.45 0.73 0.14 047
Cooking and table
salt
Q1 210 1.00 (reference) 180 1.00 (reference) 368 1.00 (reference) 75 1.00 (reference)
Q2 173 0.96 (0.78, 1.19) 178 1.09 (0.88, 1.36) 349 1.02 (0.87, 1.20) 84 1.17 (0.84, 1.64)
Q3 175 1.01 (0.81, 1.26) 155 0.98 (0.77, 1.23) 345 1.06 (0.90, 1.24) 66 1.02 (0.71, 1.47)
Q4 143 0.86 (0.68, 1.09) 156 0.97 (0.76, 1.23) 316 0.98 (0.83, 1.16) 56 0.97 (0.66, 1.43)
Q5 166 1.03 (0.80, 1.33) 167 1.01 (0.78, 1.31) 367 1.21 (1.02, 1.44) 57 1.12 (0.74, 1.69)
P for trend 1.00 0.78 0.05 0.88

! HRs were adjusted for sex, age (5-y groups), BMI (in kg/mz; <19, 19-22.9, 23-24.9, 25-26.9, >27), smoking status (never, past, current), alcohol
consumption (none; occasional; 1-149, 150-299, 300449, >450 g ethanol/wk), physical activity in metabolic equivalent task-hours/d (<30, 30-34.9, 35—
39.9, >40), and quintiles of energy, potassium, and calcium. Linear trends across quintiles of sodium or salted food intake were tested with the use of the
median consumption for each quintile as an ordinal variable.

risk of CVD. To our knowledge, this is the first prospective cohort 2 used 24-h urinary sodium excretion (9, 10), 1 used a validated
study to simultaneously examine associations between sodium  FFQ that consisted of 35 items (8), and 4 used a single 24-h
and salted foods and the risk of cancer and CVD. dietary recall method (11-14). Our results are consistent with 2
Results from 7 previous prospective cohort studies that ex-  of the 3 studies that used an FFQ or 24-h urinary excretion to
amined the association between sodium intake and CVD risk  assess habitual salt intake (8, 9).
have been poorly consistent: 3 studies showed significant asso- Only one previous study has examined the association between
ciations between sodium and risk (8, 9, 11), 1 showed a signif-  salted foods and total cancer risk (35), although at a small scale
icant inverse association (12), and 3 showed no association (10, (155 cases). Results showed no association between consump-
13, 14). These studies used different methods to assess exposure:  tion of salted fish, Japanese pickles, and miso soup with total
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cancer mortality. With regard to gastric cancer, the 6 prospective
studies of the association of this cancer with total salt intake
after adjustment for other risk factors (6, 7, 36-39) were in-
consistent, although the report of a joint World Cancer Research
Fund/American Institute for Cancer Research Expert Consulta-
tion identified salt as a “‘probable” risk of gastric cancer (1): 2 of
3 studies conducted in Japan showed a positive association be-
tween salt intake and gastric cancer incidence (6, 38) and 3
conducted in Western countries [Norway (7), Netherlands (37),
and the United States (39)] showed no association, whereas the
third study conducted in Japan reported an inverse association
between total salt intake and gastric cancer mortality. Of these
studies, one conducted in the Japan Public Health Center-based
cohort reported positive associations with the risk of gastric
cancer for both salt intake and salted foods but did not take table
salt or cooking method into consideration when total salt intake
was calculated (6). In contrast, the present study did include
table salt or cooking method variables, which correlated strongly
with total sodium intake (r = 0.71), and showed them to rep-
resent 40% of total sodium intake. Nevertheless, we observed no
association between total sodium consumption and the risk of
either total cancer or gastric cancer.

The major strength of the present study was its prospective
design, which avoided exposure recall bias. Other strengths in-
cluded the following: study subjects were defined as the general
population; response rate to the questionnaire (85%) was ac-
ceptable for study settings such as this; and the proportion of
losses to follow-up (0.02%) was negligible. Furthermore, the use
of a general population in Asia and an FFQ enabled sodium
intake to be estimated from not only salted foods but also salty
seasonings from dietary and cooking behaviors, which likely
represented a relatively large portion of sodium intake. In the
present study, this strength may have eliminated the possibility
that the observed absence of an association between sodium
intake as a whole salt equivalent and gastric cancer incidence was
attributable to any inability to take into account salty seasonings
from dietary and cooking behaviors in the estimation of total
sodium intake.

The present results suggest that the associations of cancer with
specific foods with high salt concentrations, such as salted fish
roe, are not due to the amount of salt per se, but rather to other
causes. Consistent with our results, Tsugane et al (6) reported
that, after adjustment for total salt intake, higher consumption of
salted fish roe among men and women and of dried or salted fish
among men was associated with a higher risk of gastric cancer.
One potential explanation for this may have been the presence of
chemical carcinogens such as N-nitroso compounds in dried fish
or salted fish roe, which can be formed by the reaction of nitrate
or nitrite in the curing process or in the body (1, 4, 5), or het-
erocyclic amines, which have been detected in fish or meat
cooked in high temperatures, such as grilling (40), which is
commonly used for dried and salted fish in Japan. An additional,
inseparable explanation is the destruction of the gastric mucosal
barrier by a high intragastric salt concentration, which leads to
inflammation, diffuse erosion, and degeneration. The subsequent
proliferative change may exacerbate the effect of food-derived
carcinogens (3, 41). In contrast, the decreased risk of CVD
with dried and salted fish intake might reflect beneficial car-
diovascular effects of n-3 polyunsaturated fatty acids in fish
in the inhibition of platelet aggregation, modulation of the
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inflammatory system, and lowering of blood pressure (27).
Salted foods might thus not be as precise a surrogate marker of
total salt in the investigation of the influence on cancer and CVD
as whole sodium chloride consumption.

Our study has several potential limitations. First, with the use
of multiple 24-h urinary sodium excretion as a reference, the
validity of the FFQ for sodium intake was moderate at best [r =
0.30-0.42 (20)]. Some misclassification in the FFQ was un-
avoidable, and it is possible that the accuracy of salt intake was
less than that of salted food intake (6). If this biased the asso-
ciation between sodium and cancers toward the null, then the
observed association would have underestimated the true mag-
nitude of the association between sodium and CVD as well as
cancers. Second, variation in sodium consumption among sub-
jects was also moderate at best, with median intake in the
highest quintile group (6844 mg) only 2.2-fold that in the lowest
(3084 mg; Table 1). However, this range was similar to that of
a study based on 24-h urinary excretion, which identified posi-
tive associations between sodium intake and CVD [1.6-fold
difference (9)]. Given that this variation was sufficient to detect
an association between sodium intake and CVD risk, the pos-
sibility that the lack of association between sodium intake and
total and gastric cancer was due to insufficient variation there-
fore appears unlikely. In addition, we did not obtain in-
formation on infection with Helicobacter pylori, a strong risk
factor for gastric cancer (42). Because salted food intake may
increase the risk of H. pylori infection, the prevalence of in-
fection would have been higher in subjects with higher intakes
of salt or salted food (43). Therefore, even if H. pylori infection
causes gastric cancer, we believe it unlikely that the failure to
account for H. pylori infection masked a positive association
between the consumption of sodium and the risk of gastric
cancer.

In conclusion, this population-based prospective cohort study
in Japan showed that the amount of sodium as a whole salt
equivalent was not associated with the risk of cancer but was
associated with an increased risk of CVD. In contrast, the intake
of highly salt-concentrated preserved foods may increase the risk
of cancer. Our findings support the notion that sodium and salted
foods have differential influences on the development of cancer
and CVD.

Members of the Japan Public Health Center—based Prospective Study
Group (principal investigator: S Tsugane): S Tsugane, M Inoue, T Sobue,
and T Hanaoka (Research Center for Cancer Prevention and Screening, Na-
tional Cancer Center, Tokyo); J Ogata, S Baba, T Mannami, A Okayama, and
Y Kokubo (National Cardiovascular Center, Suita); K Miyakawa, F Saito, A
Koizumi, Y Sano, I Hashimoto, T Ikuta, and Y Tanaba (Iwate Prefectural
Ninohe Public Health Center, Ninohe); Y Miyajima, N Suzuki, S Nagasawa,
Y Furusugi, and N Nagai (Akita Prefectural Yokote Public Health Center,
Yokote); H Sanada, Y Hatayama, F Kobayashi, H Uchino, Y Shirai, T Kondo,
R Sasaki, Y Watanabe, Y Miyagawa, and Y Kobayashi (Nagano Prefectural
Saku Public Health Center, Saku); Y Kishimoto, E Takara, T Fukuyama, M
Kinjo, M Irei, and H Sakiyama (Okinawa Prefectural Chubu Public Health
Center, Okinawa); K Imoto, H Yazawa, T Seo, A Seiko, F Ito, F Shoji,
and R Saito (Katsushika Public Health Center, Tokyo); A Murata, K Minato,
K Motegi, and T Fujieda (Ibaraki Prefectural Mito Public Health Center,
Mito); T Abe, M Katagiri, M Suzuki, and K Matsui (Niigata Prefectural
Kashiwazaki and Nagaoka Public Health Center, Kashiwazaki and Nagaoka);
M Doi, A Terao, Y Ishikawa, and T Tagami (Kochi Prefectural Chuo-higashi
Public Health Center, Tosayamada); H Doi, M Urata, N Okamoto, F Ide, and
H Sueta (Nagasaki Prefectural Kamigoto Public Health Center, Arikawa);

1102 ‘12 Iudy uo jsanb Aq H1o°uofe:mmm wouy papeojumoq



@ The American Journal of Clinical Nutrition

SODIUM, SALTED FOODS, AND RISK OF CANCER AND CVD

H Sakiyama, N Onga, H Takaesu, and M Uehara (Okinawa Prefectural
Miyako Public Health Center, Hirara); F Horii, I Asano, H Yamaguchi, K
Aoki, S Maruyama, M Ichii, and M Takano (Osaka Prefectural Suita Public
Health Center, Suita); S Matsushima and S Natsukawa (Saku General Hos-
pital, Usuda); M Akabane (Tokyo University of Agriculture, Tokyo); M
Konishi, K Okada, and I Saito (Ehime University, Toon); H Iso (Osaka Uni-
versity, Suita); Y Honda, K Yamagishi, S Sakurai, and N Tsuchiya (Tsukuba
University, Tsukuba); H Sugimura (Hamamatsu University, Hamamatsu); Y
Tsubono (Tohoku University, Sendai); M Kabuto (National Institute for En-
vironmental Studies, Tsukuba); S Tominaga (Aichi Cancer Center Research
Institute, Nagoya); M lida, W Ajiki, and A Ioka (Osaka Medical Center for
Cancer and Cardiovascular Disease, Osaka); S Sato (Osaka Medical Center
for Health Science and Promotion, Osaka); N Yasuda (Kochi University, Nan-
koku); K Nakamura (Niigata University, Niigata); S Kono (Kyushu Univer-
sity, Fukuoka); K Suzuki (Research Institute for Brain and Blood Vessels
Akita, Akita); Y Takashima and M Yoshida (Kyorin University, Mitaka);
E Maruyama (Kobe University, Kobe); M Yamaguchi, Y Matsumura, S
Sasaki, and S Watanabe (National Institutes of Health and Nutrition, Tokyo);
T Kadowaki (Tokyo University, Tokyo); M Noda and T Mizoue (International
Medical Center of Japan, Tokyo); Y Kawaguchi (Tokyo Medical and Dental
University, Tokyo); and H Shimizu (Sakihae Institute, Gifu).

The authors’ responsibilities were as follows—RT: data analysis and man-
uscript preparation; MI and ST: study organization; MI: conduct of the study,
supervision of data analysis, and manuscript preparation; JI: creation of the
nutrition database; and ST (principal investigator): funding and design and
initiation of the study. All authors contributed to the data collection and crit-
ical revision of the manuscript. MI had full access to all of the data in the study
and takes responsibility for the integrity of the data and the accuracy of the
data analysis. None of the authors declared a personal or financial conflict of
interest.

REFERENCES

1. World Cancer Research Fund/American Institute for Cancer Research.
Food, nutrition, physical activity, and the prevention of cancer: a global
perspective. Washington, DC: American Institute for Cancer Research,
2007.

2. World Health Organization/ Food and Agriculture Organization of the
United Nations. WHO Technical Report Series 916: Joint WHO/FAO
expert report on diet, nutrition and the prevention of chronic diseases.
Geneva, Switzerland: World Health Organization, 2003.

3. Tatematsu M, Takahashi M, Fukushima S, Hananouchi M, Shirai T.
Effects in rats of sodium chloride on experimental gastric cancers
induced by N-methyl-N-nitro-N-nitrosoguanidine or 4-nitroquinoline-1-
oxide. J Natl Cancer Inst 1975;55:101-6.

4. Dich J, Jarvinen R, Knekt P, Penttila PL. Dietary intakes of nitrate,
nitrite and NDMA in the Finnish Mobile Clinic Health Examination
Survey. Food Addit Contam 1996;13:541-52.

5. Knekt P, Jarvinen R, Dich J, Hakulinen T. Risk of colorectal and other
gastro-intestinal cancers after exposure to nitrate, nitrite and N-nitroso
compounds: a follow-up study. Int J Cancer 1999;80:852-6.

6. Tsugane S, Sasazuki S, Kobayashi M, Sasaki S. Salt and salted food
intake and subsequent risk of gastric cancer among middle-aged Japa-
nese men and women. Br J Cancer 2004;90:128-34.

7. Sjodahl K, Jia C, Vatten L, Nilsen T, Hveem K, Lagergren J. Salt and
gastric adenocarcinoma: a population-based cohort study in Norway.
Cancer Epidemiol Biomarkers Prev 2008;17:1997-2001.

8. Umesawa M, Iso H, Date C, et al. Relations between dietary sodium and
potassium intakes and mortality from cardiovascular disease: the Japan
Collaborative Cohort Study for Evaluation of Cancer Risks. Am J Clin
Nutr 2008;88:195-202.

9. Tuomilehto J, Jousilahti P, Rastenyte D, et al. Urinary sodium excretion
and cardiovascular mortality in Finland: a prospective study. Lancet
2001;357:848-51.

10. Geleijnse JM, Witteman JC, Stijnen T, Kloos MW, Hofman A, Grobbee
DE. Sodium and potassium intake and risk of cardiovascular events and
all-cause mortality: the Rotterdam Study. Eur J Epidemiol 2007;22:
763-70.

463

11. He J, Ogden LG, Vupputuri S, Bazzano LA, Loria C, Whelton PK.
Dietary sodium intake and subsequent risk of cardiovascular disease in
overweight adults. JAMA 1999;282:2027-34.

12. Cohen HW, Hailpern SM, Fang J, Alderman MH. Sodium intake and
mortality in the NHANES II follow-up study. Am J Med 2006;119:275
e7-14.

13. Alderman MH, Cohen H, Madhavan S. Dietary sodium intake and
mortality: the National Health and Nutrition Examination Survey
(NHANES I). Lancet 1998;351:781-5.

14. Cohen HW, Hailpern SM, Alderman MH. Sodium intake and mortality
follow-up in the Third National Health and Nutrition Examination
Survey (NHANES III). J Gen Intern Med 2008;23:1297-302.

15. Ministry of Health,Labour, and Welfare, Society for the Information on
Health and Nutrition. The National Health and Nutrition Survey in Ja-
pan, 2005. Tokyo, Japan: Daiichi Publishing, 2008.

16. 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;11:524-9.

17. Tsubono Y, Takamori S, Kobayashi M, et al. A data-based approach
for designing a semiquantitative food frequency questionnaire for a
population-based prospective study in Japan. J Epidemiol 1996;6:45-53.

18. Resource Council; Science and Technology Agency; the Government of
Japan. Standard tables of food composition in Japan. 5th rev. ed. Tokyo,
Japan: Printing Bureau, Ministry of Finance, 2002.

19. Sasaki S, Kobayashi M, Ishihara J, Tsugane S. Self-administered food
frequency questionnaire used in the 5-year follow-up survey of the JPHC
Study: questionnaire structure, computation algorithms, and area-based
mean intake. J Epidemiol 2003;13:513-22.

20. Ishihara J, Inoue M, Kobayashi M, et al. Impact of the revision of
a nutrient database on the validity of a self-administered food frequency
questionnaire (FFQ). J Epidemiol 2006;16:107-16.

21. Sasaki S, Ishihara J, Tsugane S. Reproducibility of a self-administered
food frequency questionnaire used in the 5-year follow-up survey of the
JPHC Study Cohort I to assess food and nutrient intake. J Epidemiol
2003;13:5115-24.

22. Ishihara J, Sobue T, Yamamoto S, et al. Validity and reproducibility of
a self-administered food frequency questionnaire in the JPHC Study
Cohort II: study design, participant profile and results in comparison
with Cohort I. J Epidemiol 2003;13:S134-47.

23. World Health Organization. International classification of diseases for
oncology. 3rd ed. Geneva, Switzerland: World Health Organization,
2000.

24. Tunstall-Pedoe H, Kuulasmaa K, Amouyel P, Arveiler D, Rajakangas
AM, Pajak A. Myocardial infarction and coronary deaths in the World
Health Organization MONICA Project: registration procedures, event
rates, and case-fatality rates in 38 populations from 21 countries in four
continents. Circulation 1994;90:583-612.

25. Walker AE, Robins M, Weinfeld FD. The National Survey of Stroke:
clinical findings. Stroke 1981;12:113-44.

26. Iso H, Baba S, Mannami T, et al. Alcohol consumption and risk of stroke
among middle-aged men: the JPHC Study Cohort I. Stroke 2004;35:
1124-9.

27. Iso H, Kobayashi M, Ishihara J, et al. Intake of fish and n3 fatty acids
and risk of coronary heart disease among Japanese: the Japan Public
Health Center-Based (JPHC) Study Cohort I. Circulation 2006;113:
195-202.

28. Willett WC. Nutritional epidemiology. 2nd ed. New York, NY: Oxford
University Press, 1998.

29. Ishihara J, Inoue M, Iwasaki M, Sasazuki S, Tsugane S. Dietary calcium,
vitamin D, and the risk of colorectal cancer. Am J Clin Nutr 2008;88:
1576-83.

30. Umesawa M, Iso H, Ishihara J, et al. Dietary calcium intake and risks of
stroke, its subtypes, and coronary heart disease in Japanese: the JPHC
Study Cohort I. Stroke 2008;39:2449-56.

31. Tsugane S, Akabane M, Inami T, et al. Urinary salt excretion and
stomach cancer mortality among four Japanese populations. Cancer
Causes Control 1991;2:165-8.

32. Honjo S, Kono S, Yamaguchi M. Salt and geographic variation in
stomach cancer mortality in Japan. Cancer Causes Control 1994;5:
285-6.

33. Joossens JV, Hill MJ, Elliott P, et al. Dietary salt, nitrate and stomach
cancer mortality in 24 countries. European Cancer Prevention (ECP) and
the INTERSALT Cooperative Research Group. Int J Epidemiol 1996;25:
494-504.

1102 ‘12 |udy uo }sanb Aq Bio udle'mmm woly papeojumoq



@ The American Journal of Clinical Nutrition

464
34.

35.

36.

37.

38.

Sasaki S, Zhang XH, Kesteloot H. Dietary sodium, potassium, saturated
fat, alcohol, and stroke mortality. Stroke 1995;26:783-9.

Khan MM, Goto R, Kobayashi K, et al. Dietary habits and cancer
mortality among middle aged and older Japanese living in Hokkaido,
Japan by cancer site and sex. Asian Pac J Cancer Prev 2004;5:58-65.
Nagata C, Takatsuka N, Kawakami N, Shimizu H. A prospective cohort
study of soy product intake and stomach cancer death. Br J Cancer 2002;
87:31-6.

van den Brandt PA, Botterweck AA, Goldbohm RA. Salt intake, cured
meat consumption, refrigerator use and stomach cancer incidence:
a prospective cohort study (Netherlands). Cancer Causes Control 2003;
14:427-38.

Shikata K, Kiyohara Y, Kubo M, et al. A prospective study of dietary
salt intake and gastric cancer incidence in a defined Japanese population:
the Hisayama study. Int J Cancer 2006;119:196-201.

39.

40.

41.

42.

43.

TAKACHI ET AL

Chyou PH, Nomura AM, Hankin JH, Stemmermann GN. A case-cohort
study of diet and stomach cancer. Cancer Res 1990;50:7501—4.

Skog KI, Johansson MA, Jagerstad MI. Carcinogenic heterocyclic
amines in model systems and cooked foods: a review on formation,
occurrence and intake. Food Chem Toxicol 1998;36:879-96.
Takahashi M, Hasegawa R. Enhancing effects of dietary salt on both
initiation and promotion stages of rat gastric carcinogenesis. Princess
Takamatsu Symp 1985;16:169-82.

Sasazuki S, Inoue M, Iwasaki M, et al. Effect of Helicobacter
pylori infection combined with CagA and pepsinogen status on
gastric cancer development among Japanese men and women: a nested
case-control study. Cancer Epidemiol Biomarkers Prev 2006;15:
1341-7.

Tsugane S, Sasazuki S. Diet and the risk of gastric cancer: review of
epidemiological evidence. Gastric Cancer 2007;10:75-83.

L1102 ‘12 Judy uo 1sanb Aq 610" uofe:Mmmm woly papeojumoq



Carcinogenesis vol.31 no.4 pp.712-718, 2010
doi:10.1093/carcin/bgq010
Advance Access publication January 18, 2010

Plasma levels of C-reactive protein and serum amyloid A and gastric cancer in a nested
case—control study: Japan Public Health Center-based prospective study

Shizuka Sasazuki*, Manami Inoue, Norie Sawada,
Motoki Iwasaki, Taichi Shimazu, Taiki Yamaji, Shoichiro
Tsugane for the Japan Public Health Center-Based
Prospective Study Group

Epidemiology and Prevention Division, Research Center for Cancer
Prevention and Screening, National Cancer Center, Tokyo 104-0045, Japan.
*To whom correspondence should be addressed.

Tel: +81 3 3542 2511 ext. 3378; Fax: +81 3 3547 8578;

Email: ssasazuk @gan2.res.ncc.go.jp

Gastric carcinogenesis may be under the combined influence of
factors related to the host, Helicobacter pylori bacterial virulence
and the environment. One possible host-related factor is the in-
flammatory or immune response. To clarify this point, we inves-
tigated the association between plasma levels of C-reactive protein
(CRP) and serum amyloid A (SAA) and the subsequent risk of
gastric cancer in a population-based nested case—control study.
Subjects were observed from 1990 to 2004. Among 36 745 sub-
jects who answered the baseline questionnaire and provided blood
samples, 494 gastric cancer cases were identified and matched to
494 controls for our analysis. The overall distribution of CRP and
SAA was not apparently associated with the development of gas-
tric cancer. However, a statistically significant increased risk was
observed when subjects were categorized dichotomously. The ad-
Jjusted odds ratio (OR) for the development of gastric cancer for
the CRP-positive group (CRP > 0.18 mg/dl) compared with the
CRP-negative group was 1.90 [95% confidence interval (CI):
1.19-3.02, P = 0.007]. The OR for the SAA-positive group (SAA >
8 png/ml) compared with the SAA-negative group was 1.93 (95%
CI: 1.22-3.07, P = 0.005). In conclusion, our results suggest that
those who react strongly to inflammation or who have a high host
immune response, as reflected by extremely elevated plasma levels of
CRP and SAA, are at a high risk to develop gastric cancer.

Introduction

It is well established that cancer arises in chronically inflamed tissue,
and one of the classic examples is Helicobacter pylori-associated
gastric cancer (1). Helicobacter pylori persistently colonizes the gas-
tric mucosa, leading to chronic inflammation, atrophic gastritis and,
finally, gastric cancer. There are high interindividual differences in the
extent of gastric inflammation among H.pylori-infected subjects, and
only a small proportion of them develop clinical consequences. This
indicates that gastric carcinogenesis may be under the combined in-
fluence of factors related to the host, bacterial virulence and the en-
vironment. One possible host-related factor is the inflammatory or
immune response. Many studies have reported an association between
serum proinflammatory cytokines [e.g. interleukin (IL)-6, IL-8 and
IL-1p] levels (2—4) or polymorphisms (such as IL-1, IL-2 and IL-8)
and gastric cancer risk (5-8), but the results are controversial. The
lack of consensus may be partly due to the nature of cytokines, which
are components of a large, complex signaling network, and difficulties
in measuring their levels and interactions. Measurement of cytokines
in plasma is difficult because of their short plasma half-lives and the
presence of blocking factors (9). Additionally, combinations of cyto-

Abbreviations: BMI, body mass index; CagA, cytotoxin-associated gene A;
CI, confidence interval; CRP, C-reactive protein; ICD-O, International Classi-
fication of Diseases for Oncology; Ig, immunoglobulin; IL, interleukin; JPHC,
Japan Public Health Center; OR, odds ratio; PG, pepsinogen; PHC, public
health center; SAA, serum amyloid A.

kines have been found to have additive, inhibitory or synergistic
effects. Therefore, more useful or systematic indicators of host
inflammatory or immune response are needed.

C-reactive protein (CRP) is a well-established indicator of inflam-
mation in the body (10). It is an acute-phase reactant that reflects low-
grade systemic inflammation and has been studied in a variety of
cardiovascular diseases. CRP production by the liver is regulated by
cytokines, principally IL-6 and tumor necrosis factor o, which is the
main trigger for the production of IL-6 by a variety of cells. In fact,
strong positive associations between IL-6, tumor necrosis factor o and
CRP were observed (11). Serum amyloid A (SAA) is another major
acute-phase reactant. It is a putative serum precursor of the amyloid A
protein, which constitutes amyloid fibrils in secondary amyloidosis
and is an apolipoprotein associated with the high density lipoprotein
3 fraction of serum (12). In most studies, a parallel increase of SAA
and CRP has been observed, although some studies have delineated
acute-phase SAA as the more sensitive parameter (13,14). Therefore,
to indicate the host inflammatory or immune response systematically,
CRP and SAA may be useful markers.

In this large-scale nested case—control study, we aimed to examine
whether the host inflammatory or immune response has any associa-
tion with the development of gastric cancer. To clarify this point, we
explored the relation of plasma levels of CRP and SAA to risk of
developing gastric cancer. As far as we know, this is the first study to
prospectively seek this association in a population.

Materials and methods

Study population

The Japan Public Health Center-based prospective study (JPHC Study) is an
ongoing cohort study to investigate cancer, cardiovascular disease and other
lifestyle-related diseases. The first group (Cohort I) of the JPHC Study was
started in 1990 and the second group (Cohort IT) in 1993 (15). The JPHC Study
included 140 420 subjects (68 722 men and 71 698 women), defined as all
inhabitants in the study areas [27 cities, towns or villages served by 11 public
health centers (PHCs)] who were 40-59 years old (Cohort I) or 40-69 years old
(Cohort II). Among the study subjects, those registered at one PHC area in
Cohort I were excluded from the present analysis because data on cancer
incidence were not available. Additionally, one subcohort in Cohort II was
excluded because the selection of subjects differed from that of other cohort
subjects, i.e. random sampling of residents from a municipality population
registry for one city, stratified by 10 year age-gender groups. We thus defined
123 576 subjects (61 009 men and 62 567 women) for the present study. The
JPHC Study was approved by the institutional review board of the National
Cancer Center, Tokyo, Japan.

Baseline survey

In 1990 for Cohort I and in 1993-1994 for Cohort 11, subjects were asked to
reply to a lifestyle questionnaire that covered sociodemographic characteris-
tics, medical history, smoking and drinking habits, diet and so on. Details of the
food frequency questionnaire included in the baseline survey have been de-
scribed previously (16). A total of 99 808 (81%) subjects—47 525 men and
52 283 women—responded to the questionnaires.

We excluded subjects who self-reported cancer at baseline (n = 2136), those
who were not Japanese (n = 18) and those who were later discovered to have
moved away at baseline (n = 11). This left 97 644 eligible subjects (46 803
men and 50 841 women). Among them, 36 745 subjects (38%; 13 467 men
and 23 278 women) donated blood samples at health checkups conducted by
the PHC in each area. Each subject voluntarily provided 10 ml of blood during
the health checkups. As customary, subjects were asked to avoid having a meal
later than 21:00 on the day before the examination. The last time of either
consuming a meal or drinking water or tea was recorded. The plasma and buffy
layer were divided into four tubes, with each tube holding 1.0 ml (3 tubes for
plasma and 1 for the buffy layer) and stored at 80°C. Blood was collected from
1990 to 1992 in Cohort I and from 1993 to 1995 in Cohort II.

Follow-up and identification of gastric cancer

In Japan, at the time the study was conducted, a PHC played a role as an
organization that provided primary health care, including health checkups,
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All subjects registered in JPHC Study
n = 140,420
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Excluded from present study:

Subjects defined for the present study
n = 123,576

k.

A

n = 99,808 (81%)
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n = 23,768

Eligible subjects

Self-reported cancer at baseline (n = 2,136)

Already moved away at baseline (n = 11)

Ineligible subjects:

Not Japanese (n = 18)

n= 97,644
Provided blood No blood samples
samples n = 60,899

n = 36,745 (38%)

!

512 gastric cancer cases and their

matched controls

' !

Final eligible Exclusion due to:
subjects Error in H. pylori measurement (1 pair)
494 pairs Inadequate volume of blood for CRP and SAA
measurement (17 pairs)

Fig. 1. Flow of study population.

or other health promotion activities for all inhabitants of the municipalities
supervised by the PHC. In this study, the main role of the PHC was to collect
and report data on mortality, relocation and cancer cases.

Death and relocation

We observed study subjects until 31 December 2004. The changes in residency
status, including death, were identified annually through the residential registry
in each area. To confirm causes of death, we used mortality data from the
Ministry of Health, Labour and Welfare. Residence and death registration
are required by law in Japan, and the registries are believed to be complete.
Among 36 745 study subjects, 1423 (3.9%) moved away from the study area,
1610 (4.4%) died and 11 (0.03%) were lost to follow-up within the study
period.

Cancer registry for JPHC Study

Data on newly diagnosed cases of cancer were collected from two sources:
active patient notification from the local major hospitals in the study area and
data linkage with population-based registries (usually prefecture-wide). Death
certificate information was used as a supplementary information source. In our
cancer registry system, the proportion of cases of gastric cancer for which
information was based on death certificate notification was 7.6% and on in-

formation available from death certificates only was 2.1%. This level of quality
for the information was considered satisfactory for the present study.

Identification of gastric cancer and selection of control subjects

Cases of gastric cancer were extracted from the cancer registry for the JPHC
Study on the basis of site [International Classification of Diseases for Oncology
(ICD-0) code C160-169] (17). Up to the end of the study period, 512 new
gastric cancer cases were identified. Until quite recently in Japan, the upper
third of the stomach has been called the ‘cardia’ on the basis of the guidelines
for gastric cancer classification (18). Because it seemed difficult to distinguish
the cardia, which is mainly located in the esophagogastric junction, from the
upper third of the stomach, we combined tumors at these sites into one group
for analysis (ICD-O code C160-161). A tumor located on the lower side of the
stomach was classified as distal gastric cancer (ICD-O code C162-167). Sub-
sites that could not be classified because of a diffuse lesion (ICD-O code C168)
or those with no information (ICD-O code C169) were categorized as an un-
classified subsite. Histologic classification was based on one author’s (S.S.)
review, in consultation with a pathologist, of the record reported by each
hospital. The subdivisions were made on the basis of a classification derived
by Lauren (19). For each case, one control was selected from subjects who had
no history of gastric cancer and who lived in the study area when the case was
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diagnosed. Each control was matched to a case for gender, age (+3 years), PHC
area, blood donation date (+2 months) and fasting time at blood donation
(%5 h). Because of a technical error in measurement of H.pylori and inadequate
volume of blood available for CRP and SAA measurements, 1 case with its
matched control and another 17 pairs (8 cases with their matched controls and
10 controls with their matched cases) were excluded. Finally, we had 494 sets
each of cases and controls for use in the present analysis. A flowchart of the
study subjects is provided in Figure 1.

Laboratory analysis

CRP and SAA concentrations were determined by the latex agglutination
nephelometric immunoassay test (LZ test ‘Eiken’ CRP-HG; Eiken Kagaku
Co. Ltd, Tokyo, Japan; and LZ test ‘Eiken’ SAA; Eiken Kagaku Co. Ltd,
respectively). For the CRP test, based on 10 replicated measurements of three
concentrations of blood samples (0.07, 0.50 and 4.41 mg/dl) at the time of
analyses, the coefficients of variation were 1.69%, 0.59% and 0.76%, respec-
tively. For SAA, 10 replicated measurements of two concentrations of blood
samples (22 pg/ml and 110 pg/ml) yielded a coefficient of variation of re-
producibility values of 1.53% and 1.17%. Normal values for the examined
parameters were <0.18 mg/dl for CRP and <8 pg/ml for SAA according to
the kit’s protocol. Both cutoff values were based on data from reports for the
same kit. The cutoff value of CRP was set by the iterative truncation method
among 478 health checkup samples (20). In brief, after repeated deletion of
outliers, mean + 1.96 SD was considered the normal range. For SAA, after
being converted to a logarithm, the value was set as the upper 95th percentile of
the distribution of 1056 normal subjects (0-70 years old) (21).

Immunoglobulin (Ig) G antibodies to H.pylori were measured with a direct
enzyme-linked immunosorbent assay kit (E Plate ‘Eiken’ H.pylori Antibody;
Eiken Kagaku Co. Ltd). Levels of IgG were categorized as seropositive and
seronegative for H.pylori according to a selective cutoff value (<10 or >10).
The cutoff value was based on the results of sensitivity and specificity calcu-
lated with the urea test, which is the gold standard (report by company). Assays
of cytotoxin-associated gene A (CagA) were performed with the use of an
enzyme-linked immunosorbent assay kit, in which horseradish peroxidase
was used as the enzyme tracer (CagA IgG EIA; Sceti Co. Ltd, Rome, Italy).
According to the manufacturer’s protocol, samples with IgG values <10
RU/ml must be considered non-reactive for anti-CagA IgG antibodies; samples
with IgG values within 10-15 RU/ml must be considered weakly reactive and
samples with IgG values >15 RU/ml must be considered reactive for anti-
CagA IgG antibodies. With regard to interpretation of these results, reactive
and/or questionable samples are considered positive for anti-CagA IgG anti-
bodies, i.e. values >10 are regarded as CagA positive. Serum levels of pep-
sinogen I and II (PGI and PGII, respectively) were measured by commercial
kits based on a two-step enzyme immunoassay (E Plate ‘Eiken’ Pepsinogen I;
Eiken Kagaku Co. Ltd; and E Plate ‘Eiken’ Pepsinogen II; Eiken Kagaku Co.
Ltd). Results were defined as “atrophic’ when the criteria of both PGI level <70
ng/ml and PGI : PGII ratio <3.0 were fulfilled. Comparing the PG levels
between gastric cancer cases and healthy controls retrospectively, Miki (22)
reported that applying a PGI level <70 ng/ml and a PGI : PGII ratio <3.0 as
cutoff values was most effective in distinguishing cases from controls. Using
these criteria, other authors have showed an extremely high correlation (r =
0.999) between atrophy and age-adjusted gastric cancer mortality among in-
habitants of five areas in Japan (23). Among atrophic cases, more severe cases
with a PGI level <30 ng/ml and PGI : PGII ratio <2.0 were defined as severe
atrophy.

All measurements were conducted by a person blinded to the case—control
situation.

Statistical analysis

Statistical analysis included chi-square test, analysis of variance, analysis of
covariance and conditional logistic model. Multiple conditional logistic re-
gression analyses were conducted to control for potential confounding factors.
For cardia cancer, smoking status, alcohol consumption (for SAA analysis),
intake of salt, body mass index (BMI), family history of gastric cancer, history
of infectious or inflammatory disease (i.e. cardiovascular disease, ischemic
heart disease, liver disease and kidney disease) and current use of analgesics
for lumbago, neuralgia, common cold, arthrosis and joint pain were controlled.
For all gastric cancer, all non-cardia cancer, differentiated-type non-cardia
cancer and undifferentiated-type non-cardia cancer further adjustment was
applied for H.pylori infection, atrophy and CagA seropositivity. Smoking sta-
tus was divided into four groups: never smoker, past smoker, current smoker
with <20 cigarettes per day and current smoker with >20 cigarettes per day).
Alcohol consumption was defined as drinker (>1 day/week) and non-drinker
(<1 day/week). BMI was categorized into three groups so that each category
included an approximately equal number of controls. Salt was treated as a con-
tinuous variable. Family history of gastric cancer was regarded as positive if at
least one parent or sibling had gastric cancer. CRP and SAA status (positive/
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negative) were determined according to the protocol’s normal value. Addition-
ally, the non-linear continuous models of the association between CRP and
SAA and gastric cancer risk were tested by PROC GAM. Odds ratios (ORs)
were calculated relative to the cutoff points of CRP and SAA. Because the
distribution was skewed, log transformation was conducted for CRP, SAA,
H.pylori titer, CagA titer, PGI level and PGII and PGI : PGII ratio, which
altered the distribution close to normal in comparisons of the mean values
between groups.

Reported P-values were two sided, and all statistical analyses were done
with SAS software version 9.1 (SAS Institute Inc., Cary, NC).

Results

Baseline characteristics of cases and controls are shown in Table 1.
Among listed factors, predominance of H.pylori positivity, CagA sta-
tus, atrophy and family history of gastric cancer were apparent in
cases compared with controls.

Table II summarizes the distribution of lifestyle factors and plasma
biomarkers according to the CRP and SAA status among controls.
Forty-seven (9.5%) and 63 (12.8%) subjects met the criteria for being
positive for plasma CRP and SAA, respectively. For CRP status, no
factors were differently distributed other than SAA levels; the mean
value of SAA among CRP-positive subjects was >10 times that of
CRP-negative subjects (P < 0.0001). Plasma CRP level among SAA-
positive subjects was 13 times that among SAA-negative subjects
(P < 0.0001). Correlation of the log-transformed CRP and SAA
was 0.55 (P < 0.0001). Mean daily salt intake was higher in SAA-
negative subjects compared with SAA-positive subjects. This may be
due to the predominance of male gender and alcohol consumption
among SAA-negative subjects, which contribute to high salt intake.
When gender and alcohol consumption were adjusted (analysis of
covariance), the difference in salt intake was no longer significant
(P = 0.40). Compared with positive subjects, SAA-negative subjects
had a significantly higher H.pylori titer against IgG antibody and more
frequent distribution of male gender, alcohol consumption, H.pylori
positivity and atrophy.

Table I. Baseline characteristics of cases and controls

Case Control P-value®
n 494 494
Age 57.3 (0.3) 57.3 (0.3) Matching
value
Men (%) 329 (66.6%) 329 (66.6%) Matching
value

Cigarette smoking
Never smoker (%)
Past smoker (%)
Current smoker with <20
cigarettes per day (%)
Current smoker with >20
cigarettes per day (%)
Alcohol consumption
Never or occasional (%)
>1 day, <300 g/week (%)
>1 day, >300 g/week (%)

228 (46.2%) 245 (49.6%)
91 (18.4%) 98 (19.8%)
133 (26.9%) 109 (22.1%)

42 (8.5%) 42 (8.5%) 0.35

245 (49.6%) 244 (49.4%)
187 (37.9%) 203 (41.1%)
62 (12.6%) 47 (9.5%)  0.26

BMI

<25 396 (80.2%) 369 (74.7%)

25-29.9 89 (18.0%) 113 (22.9%)

>30 9 (1.8%) 12 (2.4%) 0.12
Family history of gastric cancer (%) 60 (12.2%) 40 (8.1%) 0.03
Salt (g/day) 5.3 (0.1) 5.1(0.1) 0.40

Helicobacter pylori positive (%)°
Helicobacter pylori positive (%)°
CagA (+) (%)

Atrophy (%)

463 (93.7%) 371 (75.1%) <0.0001
489 (99.0%) 445 (90.1%) <0.0001
375 (75.9%) 346 (70.0%) 0.04

406 (82.2%) 285 (57.7%) <0.0001

Values are mean (SE) except where specified otherwise.

“Based on chi-square test or analysis of variance.

*Based on IgG antibody.

“Based on CagA positive and/or Helicobacter pylori 1gG antibody positive.
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Table II. Distribution of lifestyle factors and plasma biomarkers according to CRP and SAA status among control

CRP status SAA status
Negative (CRP < Positive (CRP > P-value® Negative (SAA < Positive (SAA > P-value®
0.18 mg/dl) 0.18 mg/dl) 8 pg/ml) 8 pg/ml)
n 447 47 431 63
Age 57.1 (0.3) 58.6 (1.1) 0.20 57.2 (0.3) 58.1 (0.9) 0.35
Men (%) 296 (66.2%) 33 (70.2%) 0.58 296 (68.7%) 33 (52.4%) 0.01
BMI
<25 336 (75.2%) 33 (70.2%) 327 (75.9%) 42 (66.7%)
25-29.9 100 (22.4%) 13 (27.7%) 93 (21.6%) 20 (31.8%)
>30 11 (2.5%) 1 (2.1%) 0.71 11 (2.6%) 1(1.6%) 0.19
Cigarette smoking
Never smoker (%) 225 (50.3%) 20 (42.6%) 207 (48.0%) 38 (60.3%)
Past smoker (%) 91 (20.4%) 7 (14.9%) 90 (20.9%) 8 (12.7%)
Current smoker with <20 97 (21.7%) 12 (25.5%) 98 (22.7%) 11 (17.5%)
cigarettes per day (%)
Current smoker with >20 34 (7.6%) 8 (17.0%) 0.12 36 (8.4%) 6 (9.5%) 0.23
cigarettes per day (%)
Alcohol consumption
Never or occasional (%) 218 (48.8%) 26 (55.3%) 204 (47.3%) 40 (63.5%)
>1 day, <300 g/week (%) 184 (41.2%) 19 (40.4%) 185 (42.9%) 18 (28.6%)
>1 day, >300 g/week (%) 45 (10.1%) 2 (4.3%) 0.39 42 (9.7%) 5 (7.9%) 0.05
Family history of gastric cancer (%) 36 (8.1%) 4 (8.5%) 0.91 36 (8.4%) 4 (6.4%) 0.85
Salt (g/day) 5.2 (0.1) 4.9(0.3) 0.43 5.2(0.1) 4.6 (0.3) 0.04
CRP (mg/dl)/SAA (pg/ml)® 3.6 (1.8) 38.6 (5.6) <0.0001* 0.05 (0.03) 0.65 (0.07) <0.0001*
Helicobacter pylori positive (%)° 338 (75.6%) 33 (70.2%) 0.42 332 (77.0%) 39 (61.9%) 0.01
Helicobacter pylori positive (%)° 403 (90.2%) 42 (89.4%) 0.86 390 (90.5%) 55 (87.3%) 0.43
Helicobacter pylori titer 439 (2.3) 36.1 (7.1) 0.31° 44.0 (2.3) 37.1 (6.1) 0.02¢
CagA (+) (%) 314 (70.3%) 32 (68.1%) 0.76 302 (70.1%) 44 (69.8%) 0.97
CagA titer 85.1 (4.2) 74.7 (12.9) 0.72° 84.6 (4.3) 80.8 (11.1) 0.82°
PGI 28.6 (0.8) 29.7 (2.5) 0.55¢ 28.5 (0.8) 30.1 (2.1) 0.52¢
PGII 11.2 (0.3) 10.8 (1.0) 0.60° 11.2 (0.3) 11.0 (0.8) 0.71°
PGI : PGII 3.5(0.6) 2.9(1.8) 0.83° 3.5 (0.6) 3.2(1.6) 0.28°
Atrophy (%) 260 (58.2%) 25 (53.2%) 0.51 256 (59.4%) 29 (46.0%) 0.04
Severe atrophy (%) 122 (27.3%) 9 (19.2%) 0.23 119 (27.6%) 12 (19.1%) 0.15

Values are mean (SE) except where specified otherwise.
“Based on chi-square test or analysis of variance.

®Mean plasma CRP level for SAA status and mean plasma SAA level for CRP status.

“Based on IgG antibody.
9Based on CagA positive and/or Helicobacter pylori IgG antibody positive.
“Based on analysis of variance of log biomarkers.

In Table III, ORs and 95% confidence intervals (CIs) of CRP
positivity for development of gastric cancer are presented by tumor
subsite and histologic types. CRP ranged from 0 to 19.1 mg/dl (mean:
0.14 mg/dl, median: 0.033 mg/dl) among cases and from 0 to
9.3 mg/dl (mean: 0.13 mg/dl, median: 0.032 mg/dl) among controls.
The risk of developing gastric cancer increased by ~36% among
those who were CRP positive; the crude OR equaled 1.36 (95% CI:
0.91-2.02, P = 0.13), although with no significance. After being
adjusted for potential confounding variables, the point estimate
altered substantially and reached the level of statistical significance;
the adjusted OR equals 1.90 (95% CI: 1.19-3.02, P = 0.007). Among
the adjusted covariates, H.pylori infection contributed the most to the
elevation of risk; adding only H.pylori infection to the model elevated
the OR to 1.67, which was much higher than the OR for adding CagA
seropositivity (adjusted OR = 1.39), atrophy (adjusted OR = 1.48) or
even all other lifestyle factors [i.e. cigarette smoking, BMI, family
history, history of infectious or inflammatory disease, current drug use
of analgesics and salt intake (adjusted OR = 1.47)]. When the cancers
were stratified by tumor location and histologic type, the largest OR
was demonstrated for cardia cancers, but it failed to reach statistical
significance; adjusted OR equaled 3.14 (95% CI: 0.51-19.39, P =
0.22). Among non-cardia cancers, the association did not differ much
by histologic type. When the analyses were repeated with subjects
divided into quartiles according to control distribution of the CRP
level (<0.012, 0.012-0.032, 0.032-0.081 and >0.081 mg/dl), no ap-
parent association was observed. Compared with the lowest (refer-

ence) group, the adjusted ORs (95% Cls) for development of gastric
cancer for the second, the third and the highest group were 0.85
(0.56-1.29), 0.96 (0.62-1.47) and 1.35 (0.88-2.07), respectively
(P for trend = 0.0496). When CRP was treated as a continuous mea-
sure, the adjusted OR for development of gastric cancer was 1.06
(0.87-1.28), for 1 mg/dl increase of log-transformed CRP. Further-
more, non-linear continuous models did not reveal any evidence of
dose response.

SAA among cases and controls ranged from 0 to 319.7 pg/ml
(mean: 5.9 pg/ml, median: 2.6 pg/ml) and from 0 to 847.5 pg/ml
(mean: 7.0 pg/ml, median: 2.5 pg/ml), respectively. For SAA positiv-
ity, about a 2-fold increased risk was observed for total gastric cancer
and non-cardia cancer; the adjusted ORs (95% Cls) were 1.93 (1.22—
3.07, P = 0.005) and 2.13 (1.14-3.98, P = 0.02), respectively
(Table IV). Among adjusted covariates, atrophy as well as H.pylori
infection contributed most of the elevation of risk. Among non-cardia
cancers, no difference was observed by histologic type. The largest
OR was demonstrated for cardia cancers, although it failed to reach
the level of statistical significance; the adjusted OR equaled 3.84
(95% CI: 0.82-17.99, P = 0.09). When results for SAA status were
shown separately for men and women, there was no material differ-
ence; the adjusted ORs for developing total gastric cancer were 1.95
and 2.15 for men and women, respectively. The adjusted OR for
cardia cancer among women could not be calculated because of the
small sample size; therefore, all analyses were conducted for men and
women combined. No apparent association was observed when SAA
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Table III. ORs and 95% Cls of CRP positivity (CRP > 0.18 mg/dl) for development of gastric cancer by tumor subsite and histologic type

No. of CRP- Crude OR P-value Adjusted OR P-value

positive cases/ (95% CI) (95% C1*

controls
All (494 pairs) 62/47 1.36 (0.91-2.02) 0.13 1.90 (1.19-3.02) 0.007
Cardia (39 pairs) 72 3.50 (0.73-16.85) 0.12 3.14 (0.51-19.39) 0.22
Non-cardia (355 pairs) 44/33 1.36 (0.85-2.16) 0.20 2.18 (1.24-3.84) 0.007
Differentiated type (232 pairs) 30/23 1.32 (0.76-2.29) 0.33 1.77 (0.89-3.52) 0.10
Undifferentiated type (107 pairs) 9/8 1.14 (0.41-3.15) 0.80 2.01 (0.53-7.62) 0.30

“Cardia cancers, adjusted for cigarette smoking, BMI, family history of gastric cancer, history of infectious or inflammatory disease, current drug use of analgesics
and salt intake. All gastric cancers, all non-cardia cancers, differentiated-type non-cardia cancer and undifferentiated-type non-cardia cancer, further adjusted for

Helicobacter pylori infection, CagA positivity and atrophy.

Table IV. ORs and 95% ClIs of SAA positivity (SAA > 8 pg/ml) for development of gastric cancer by tumor subsite and histologic type

No. of SAA- Crude OR P-value Adjusted OR P-value

positive cases/ (95% CI) (95% CI)*

controls
All (494 pairs) 75163 1.26 (0.86-1.86) 0.24 1.93 (1.22-3.07) 0.005
Cardia (39 pairs) 11/5 3.00 (0.81-11.08) 0.10 3.84 (0.82-17.99) 0.09
Non-cardia (355 pairs) 45/39 1.21 (0.74-2.00) 0.45 2.13 (1.14-3.98) 0.02
Differentiated type (232 pairs) 27125 1.11 (0.59-2.06) 0.75 1.73 (0.81-3.72) 0.16
Undifferentiated type (107 pairs) 12/11 1.14 (0.41-3.15) 0.80 1.80 (0.41-7.92) 0.44

*Cardia cancers, adjusted for cigarette smoking, alcohol consumption, BMI, family history of gastric cancer, history of infectious or inflammatory disease, current
drug use of analgesics and salt intake. All gastric cancers, all non-cardia cancers, differentiated-type non-cardia cancer and undifferentiated-type non-cardia cancer,

further adjusted for Helicobacter pylori infection, CagA positivity and atrophy.

level was divided into quartiles (<1.3, 1.3-2.5, 2.5-5.1 and >5.1
pg/ml). Compared with the lowest (reference) group, the adjusted
ORs (95% CIs) for development of gastric cancer for the second,
the third and the highest group were 0.81 (0.53-1.24), 1.06 (0.70-
1.61) and 1.19 (0.77-1.85), respectively (P = 0.20). When SAA was
treated as a continuous measure, the adjusted OR for development of
gastric cancer was 1.00 (0.995-1.00) for 1 mg/dl increase of log-
transformed SAA. Similar to the analysis of CRP, non-linear contin-
uous models did not reveal any evidence of dose response.

Because of the high correlation between CRP and SAA, we in-
cluded only the values for the marker being analyzed (Tables III
and IV). When CRP and SAA were included in the model simulta-
neously, the OR was attenuated and was no longer significant for CRP,
but was still significant for SAA (data not shown). This may not
contradict previous reports that suggest overlapping of the roles
of the two markers and delineation of SAA as the more sensitive
parameter (13,14).

The observed association did not differ for stratification by smok-
ing status (never/past + current) for SAA; however, for CRP, the
association was clearer among never smokers [2.50 (1.13-5.53)] com-
pared with past and current smokers [1.15 (0.56-2.33)]. Using the
World Health Organization category to adjust BMI did not alter the
results essentially. When the interactions between each covariate in
the model and CRP and SAA status were tested, no significant in-
teraction was observed.

When all analyses were repeated in only those who were H.pylori
positive (seropositive for IgG antibody and/or CagA), the associations
were slightly attenuated, although they did not differ essentially; the
adjusted ORs (95% Cls) for developing total gastric cancer were 1.72
(1.07-2.78, P = 0.03) for CRP-positive status and 1.82 (1.13-2.94,
P = 0.01) for SAA-positive status, respectively.

Discussion

In this study, the overall distributions of CRP and SAA were not
apparently associated with the development of gastric cancer. How-
ever, when subjects were divided on the basis of dichotomous cate-
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gorization of positive versus negative, an increased risk was observed
for positive subjects. The association was statistically significant even
after adjustment for H.pylori infection, CagA status, atrophy and
lifestyle factors. Elevated levels of CRP and SAA reflect a generalized
host reaction that is either localized or systematic with regard to the
initial event. Mechanisms of inflammation-associated tumor develop-
ment are well described. These include stimulation of cellular pro-
liferation (e.g. in cellular proto-oncogenes, DNA and cellular repair),
inhibition of apoptosis, cellular adhesion, stimulation of angiogenesis
and cellular transformation (1). In our data set, under the conditions
that most subjects were infected with H.pylori, only those who reacted
strongly to inflammation or had a high host immune response, as
reflected by extremely elevated plasma levels of CRP and SAA,
showed an elevated risk of developing the malignancy. The propor-
tions of those who were categorized as positive were small; therefore,
the findings should be interpreted with caution. However, this may be
one of the explanations for why only a small proportion of H.pylori-
infected subjects develop clinical consequences. CRP and SAA were
useful markers to detect these high-risk groups.

Several clinical studies have shown that, compared with controls,
gastric cancer patients have elevated CRP levels (24-26). Previous
studies have even revealed that CRP has an impact on gastric cancer
prognosis (24,27). It has been observed in previous studies that the
SAA level increases in patients with stomach, lung, renal, colorectal,
breast and other forms of cancers (28-35). With regard to gastric
cancer, Chan et al. (28) demonstrated that patients with gastric cancer
have higher SAA concentrations than do patients with gastric ulcers
and healthy subjects and that levels of SAA correlate with tumor
status, prognosis and recurrence. In our study, the average duration
between blood donation and cancer diagnosis among cases was 5.4
years. When subjects who developed gastric cancer within 2 years of
blood donation and their matched controls were excluded, the ob-
served associations were strengthened; the adjusted ORs (95% Cls)
for the association between development of gastric cancer and CRP
and SAA positivity were 2.25 (1.31-3.85, P = 0.003) and 2.29 (1.32—
3.95, P = 0.003), respectively. Furthermore, when subjects were
stratified by the median duration between blood donation and
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diagnosis (5.12 years), the adjusted ORs (95% Cls) for the association
between development of gastric cancer CRP and SAA positivity
within 5.12 years were 1.38 (0.69-2.73, P = 0.36) and 1.59 (0.82-
3.09, P = 0.17), respectively. The values for CRP and SAA diagnosed
after 5.12 years were 2.42 (1.23-4.77, P = 0.01) and 2.25 (1.12-4.52,
P = 0.02), respectively. Therefore, our findings cannot be explained
by the effect of preclinical samples among cases. Rather, our findings
suggest that CRP and SAA may be useful markers for predicting the
malignancy.

In our study, H.pylori seropositivity, H.pylori titer and atrophy were
not distributed differently according to CRP status. Surprisingly,
H.pylori seropositivity and atrophy were more frequent, and higher
H.pylori titer was observed among SAA-negative subjects than
among SAA-positive subjects. When the values were compared on
the basis of tumor location, CRP did not show any difference; mean
value (SE) was 0.09 (0.16) for cardia and 0.15 (0.05) for non-cardia
cancer, respectively (P = 0.75). The value for SAA was 6.77 (1.87)
for cardia, which was higher than that for non-cardia, 5.12 (0.62) (P =
0.03). High SAA level with an upper tumor site compared with a mid-
dle or a lower site was also observed by Chan e al. (28). Furthermore,
the largest OR was observed for cardia cancer for both CRP and SAA.
It is well known that H.pylori infection is related to non-cardia gastric
cancer. As the majority of our subjects were infected with H.pylori,
we were unable to show the results among H.pylori-seronegative
subjects. Therefore, we cannot clarify whether the observed phenom-
enon was independent of H.pylori. We can state only that the observed
elevated risk of gastric cancer with high levels of CRP and SAA is
probably a phenomenon that cannot be totally explained by H.pylori;
this conclusion is in line with that of previous studies (26,36). Com-
paring 153 preoperative gastric cancer patients with 19 healthy sub-
jects, Tsavaris ef al. (26) observed high serum levels of CRP,
ceruloplasmin and al-acid glycoprotein in cancer patients; however,
among cancer patients, CRP level did not differ by status of H.pylori
infection. Also, Delanghe et al. (36) showed that neither SAA nor
other acute-phase proteins, including CRP, correlated with Chlamydia
pneumoniae 1gG, H.pylori 1gG and IgA and cytomegalovirus IgG. On
the other hand, the reason for the large OR observed in the cardia for
both CRP and SAA positivity is unknown. One recent study reported
that plasma CRP levels were associated with high BMI and other
indicators of obesity (37). On the other hand, some studies, but not
all, have proposed that elevated body weight may increase the risk of
gastroesophageal reflux, which has been associated with adenocarci-
nomas of the gastroesophageal junction (38). Therefore, it is possible
that elevated CRP and SAA were strongly associated with cardia
cancer because of BMI status. However, in our data set, BMI did
not differ by either CRP status or SAA status. The observed high
OR in cardia cancer may be due to factors other than BMI or may
be a mere chance finding.

On the basis of self-reported information, we adjusted for any
condition that might alter the plasma levels of CRP or SAA. When
these subjects were deleted (61 pairs; corresponds to 12% of total
subjects), the overall findings did not change essentially, except when
CRP values were divided into quartiles; the P for trend then became
not significant (P = 0.44). Alternatively, when subjects with an ex-
tremely high level of CRP (>0.5 mg/dl) or SAA (>16.5 pg/ml) were
excluded (55 pairs; corresponds to 11% of total subjects), the ob-
served ORs became slightly higher, although the overall findings
did not change essentially. To ensure the generalizability of findings
and statistical power, we retained these subjects in the analyses.

Our study has several limitations. First, among 97 644 eligible
subjects of the JPHC Study cohort, 36 745 (38%) men and women
participated in the survey and provided blood samples. As reported
previously, compared with non-participants, participants in the health
checkup survey, especially women, had a different socioeconomic
status and a favorable lifestyle profile, such as less smoking and
alcohol consumption, greater participation in physical exercise and
greater consumption of fruits or green vegetables (39). These findings
mean that caution is needed in generalizing or interpreting the results
in this report. Second, because of the relatively small sample size,

Plasma levels of CRP and SAA and gastric cancer

further studies are needed to test our findings in analyses conducted by
tumor location and histologic subtype.

The advantage of this study is its population-based prospective
design and analysis of prediagnosed blood samples. Also, detailed
information including H.pylori infection, CagA status, atrophy and
environmental factors contributed to the detection of the relationships
independent of these factors. Other strengths include negligible loss to
follow-up and the satisfactory quality of our cancer registry system
during the study period.

In conclusion, the overall distribution of CRP and SAA was not
apparently associated with the development of gastric cancer. How-
ever, it was suggested that those who react strongly to inflammation or
who have high host immune response, as reflected by extremely ele-
vated plasma levels of CRP and SAA, were at high risk to develop
gastric cancer.
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Elevated risk of colorectal adenoma with Helicobacter
pylori-related chronic gastritis: a population-based
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This study investigated correlations between Helicobacter pylori infection or chronic atrophic gastritis (CAG) and risk of colorectal
adenoma in a population-based case-control study. Subjects comprised asymptomatic, middle-aged, male Japanese factory workers
who participated in an annual health check-up program, including cancer screening with colonoscopy. We selected 239 colorectal
adenoma cases based on histological evaluation and 239 age-matched adenoma-free controls, and evaluated colorectal adenoma risk
according to stage of H. pylori-related chronic gastritis as determined by serum tests for H. pylori antibody titer and pepsinogen.
Subjects with colorectal adenoma were more likely to be smokers and have hypercholesterolemia. H. pylori infection was a risk factor
for adenoma as a whole (crude odds ratio [OR]: 2.26, 95% confidence interval [Cl]: 1.44-3.55). Analysis of distal adenoma cases
showed that adenoma risk was significantly increased in the presence of H. pylori infection, but there was no further increase in risk
with CAG. In contrast, proximal adenoma risk increased stepwise with the presence and progression of H. pylori-related chronic gastritis
and showed a maximal and significant increase with CAG (crude OR: 4.51, 95% Cl: 1.43-14.2), Subjects with more extensive and severe
gastritis showed still higher risk not only for proximal but also for distal adenoma. H. pylori-related chronic gastritis is likely to be
involved in the development of colorectal neoplasms, and its progression appears to increase the risk, particularly for proximal
adenomas. Knowing the H. pylori-related chronic gastritis stage will probably be useful for evaluation of risk for colorectal neoplasia.

Helicobacter pylori infection induces chronic inflammation in
the stomach mucosa of both humans and animals, and
H. pylori-related chronic gastritis is deeply involved in the devel-
opment of gastric neoplasms, such as adenoma or cancer.
H. pylori infection is now widely accepted as a major driving
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force in the progression of a series of carcinogenic cascades
representing the gastritis-atrophy-metaplasia-dysplasia-cancer
sequence.” Our previous seroepidemiological study clearly dem-
onstrated a positive correlation between progression of chronic
gastritis and risk of gastric cancer. Subjects with extensive chronic
atrophic gastritis (CAG), as determined by serum pepsinogen
(PG) levels, showed an annual cancer incidence rate of 0.24%.’
Recently, promotion of tumor development by H. pylori
infection in extragastric target organs has been reported.* In
addition, some clinical and epidemiological studies have
revealed close correlations between incidence rates of gastric and
colorectal mucosal neoplasms.>® Furthermore, previous studies
have suggested that the most common second primary site of
synchronous and metachronous cancer in cases of gastric cancer
is the colorectum.” In Japan, areas with high age-adjusted mor-
tality rates from stomach cancer among the 47 municipal
districts, such as Wakayama Prefecture (51.1/100,000 person-
years), have also reported high rates of colorectal cancer mortal-
ity (38.4/100,000 person-years).” Progressive chronic gastritis
induced by persistent H. pylori infection leads to extensive glan-
dular atrophy and reduced acid secretion, which induces hyper-
gastrinemia, a putative trophic factor for large bowel mucosa,'
and it alters the gastrointestinal microenvironment composed
of bacterial flora,'! and thus may contribute to colorectal
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carcinogenesis. On the basis of these findings, we investigated
the possibility that gastric cancer/adenoma and colorectal can-
cer/adenoma have common risk factors of H. pylori infection
and/or its end result, CAG. The aim of our study was to examine
etiological links among precancerous colorectal lesions, adeno-
mas and H. pylori infection or CAG.

Material and Methods

Subjects

Between April 1996 and March 2004, a total of 4,655 mid-
dle-aged male factory workers (mean age * standard
deviation [SD]: 49.5 * 4.6 years; range: 40-59 years)
underwent annual health check-ups at a workplace in
Wakayama City, located in the southwestern part of the
main island of Japan. All patients were inhabitants from
the Wakayama area. This type of screening program is
common in various workplaces throughout Japan to detect
incident diseases in early stages. Thus, subjects were symp-
tom-free and workers with symptoms requiring prompt
medical care were excluded from the study. As a result, all
subjects in this study could be considered to represent
healthy Japanese individuals.

As part of the screening program, study subjects under-
went a series of screening tests and procedures: an inter-
view to ascertain general state of health, physical examina-
tion, chest radiography, electrocardiography, blood
laboratory testing, urinalysis and barium X-ray. In addition,
subjects could select to undergo screening for colorectal
cancer using their preferred method among fecal occult
blood testing (FOBT), barium enema or colonoscopy. Dur-
ing the study period, a total of 1,605 middle-aged men
underwent colonoscopy for cancer screening. Subjects with
a previous history of colorectal neoplasia or inflammatory
bowel disease were excluded from the study. In addition,
subjects who underwent colonoscopy because of positive
FOBT or a positive finding on barium enema were also
excluded. As a result, a total of 1,019 subjects were ana-
lyzed for the study. When each case of colorectal adenoma
was identified, an age-matched control (within 3 years)
was randomly selected from among the participants of the
health check-up program who were confirmed to be colo-
rectal neoplasm-free.

Questionnaire

Information about baseline characteristics (age, height,
weight, sociodemographic characteristics, personal medical
history, family history, smoking and alcohol consumption)
was obtained from the questionnaire completed at the time
of the aforementioned interview.

Evaluation of CAG and H. pylori infection

Aliquots of separated sera from blood samples collected as
routine laboratory tests for the general health check-up
were stored below —20°C until measurement of serum

H. pylori-related chronic gastritis and colorectal adenoma risk

levels of H. pylori immunoglobulin (Ig) G antibody titer
and serum PG. H. pylori IgG antibody titers were measured
using an enzyme-linked immunosorbent assay (ELISA)
(MBL, Nagoya, Japan). Antibody titers >50 U/ml were clas-
sified as indicating H. pylori infection. The sensitivity and
specificity of the ELISA used in our study were 93.5% and
92.5%, respectively.'”” Serum PG levels were measured using
PGI/PGII RIA-Bead Kits (Dainabbot, Tokyo, Japan), which
use a modified radioimmunoassay method that we previ-
ously established.'® Subjects with extensive CAG were diag-
nosed on the basis of the previously described PG test-posi-
tive criteria (PG I < 70 ng/ml and PG VI < 3.0)."*"
These criteria have 70.5% sensitivity and 97% specificity.'
Subjects who had been prescribed medications before exam-
ination that might affect gastrointestinal function, such as
proton pump inhibitors, H2 blockers or nonsteroidal anti-
inflammatory drugs, as well as subjects who had a previous
history of gastric resection, H. pylori eradication therapy or
renal failure, were excluded from analysis of PG test results.
In our study, all but four CAG cases diagnosed by the
above PG-test positive criteria were H. pylori-antibody posi-
tive. Endoscopic examination of these four H. pylori-negative
CAG cases (one control and three adenoma cases) revealed
extensive metaplastic gastritis involving both antrum and cor-
pus. Thus, the negative result for H. pylori antibody is con-
sidered to reflect a spontaneous eradication of the bacteria,
an end result of the progression of H. pylori-related CAG.
Furthermore, the prevalence of autoimmune gastritis is
extremely low in Japan; the incidence rate is reported to be
0.6/100,000 person-years.'® Thus, the possibility of autoim-
mune gastritis in the analyzed CAG cases including these
four H. pylori-negative cases is considered to be negligible.

Screening for colorectal neoplasia

Subjects who selected colonoscopy for colorectal cancer
screening underwent a full colonoscopic examination with
adequate bowel preparation. A colonoscope (CF 240 I, Olym-
pus, Tokyo, Japan) was inserted to the cecum, except in cases
with advanced adenocarcinoma. The adenoma cases were
classified into three groups according to the location of the
detected polypoid lesion: proximal (cecum, ascending colon,
hepatic flexure and transverse colon), distal (splenic flexure,
descending colon, sigmoid colon and rectum) and bilateral
(lesions located in both sides). All polypoid lesions found
during colonoscopy were biopsied, immediately fixed in 10%
formalin and embedded in paraffin. Tissue sections were
stained with hematoxylin-eosin and examined under light
microscopy. Routine histological evaluation was performed
by staff pathologists.

The retrospective analysis of the clinical data in our study
was approved by the ethics committee of Wakayama Medical
University. Informed consent for the use of the clinical data
from the health check-up was obtained from the screened
subjects at the time of their first screening.

Int. ). Cancer: 000, 000-000 (2011) © 2011 UICC
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Table 1. Baseline characteristics of study subjects
Control Case Proximal Bilateral Distal
n = 239 n =239 p n=38 p n=178 p n=123 pt
Age (years)
Mean (SD) 49.4 (4.3) 49.9 (3.9) 0.21  49.7 (3.9) 0.71  49.6 (3.8) 0.65 50.1 (4.0) 0.14
BMI (kg/m?)
Mean (SD) 23.4 (2.9) 23.7 (2.8) 0.16  23.7 (2.5) 0.53  24.0 2.7) 0.08 23.6 (3.0) 0.50
Current smoker 103/136 83/156 0.08 18/20 0.75 18/60 0.002 47/76 0.43
(/=
Alcohol use (-)/(H)? 73/166 62/177 031  9/29 0.5 18/60 0.26 35/88 0.77
TC (mg/d)
Mean (SD) 204.5 (31.3)  210.0 (34.2) 0.07 205.1(39.3) 0.92 207.6 (32.8) 0.44 2129 (33.3) 0.02
TG (mg/dl)
Mean (SD) 167.7 (130.3) 183.1 (137.6) 0.21 175.0 (94.4) 0.74 205.3 (155.4) 0.06 171.5 (136.0) 0.79
H. pylori 1gG (U/ml) »
Mean (SD) 288.0 (479.7) 352.0 (462.6)  0.14  354.7 (463.4) 0.42 316.4 (438.8) 0.63 373.8 (479.1) 0.11
PG | (ng/ml)
Mean (SD) 58.7 (29.5) 58.1 (25.9) 0.81 54.5 (23.3) 0.4 59.2 (23.6) 0.89  58.6 (28.0) 0.96
PG Il (ng/ml)
Mean (SD) 15.8 (10.0) 18.5 (11.0) 0.006 18.1 (8.7) 0.18 18.0 (10.7) 0.10 18.9 (11.8) 0.02
PG I/lI
Mean (SD) 4.4 (2.2) 3.7 (1.8) <0.001 3.3 (1.7) 0.003 3.9 (1.9) 0.03 3.6 (1.8) <0.001

Clinicopathological features
Size

The proportion of the cases with adenoma <10 mm (%)

The proportion of the cases with adenoma >10 mm (%)
Number

The proportion of the cases with a single adenoma (%)

The proportion of the cases with two or more adenoma (%)
Histopathology

The proportion of the cases with tubular adenoma (%)

The proportion of the cases with tubulovillous, villous adenoma (%)
The grade of dysplasia

The proportion of the cases with mild or moderate adenoma (%)

The proportion of the cases with sevear adenoma (%)

177/239 (74.1) 32/38 (85)
62/239 (25.9) 6/38 (15)

49/78 (62.7) 96/123 (77.9)
29/78 (37.3)* 27/123 (22.1)

120/239 (50.2) 31/38 (81.6)
119/239 (49.8) 7/38 (18.4)

0/78 (0)
78/78 (100)

89/123 (72.3)
34/123 (27.7)

228/239 (95.4) 36/38 (95)
11/239 (4.6) 2/38 (5)

76/78 (98)
2/78 (2)

116/123 (94.1)
7/123 (5.9)

226/239 (94.6) 35/38 (92.1)
13/239 (5.4) 3/38 (7.9)

73/78 (93.6)
5/78 (6.4)

118/123 (95.9)
5/123 (4.1)

Two-sided p-values for the difference between cases and controls were based on the x? test and ¢ test. 2Drinking alcohol at least once a week for

the past 5 years.’p < 0.05 : vs proximal based on x test.

Abbreviations: BMI, body mass index; TC, total cholesterol; TG, triglycerides; PG, pepsinogen; CAG, chronic atrophic gastritis; SD, standard deviation.

Statistical analysis

Data were analyzed using SPSS version 11.0 (Chicago, IL)
and STATA (College Station, TX). Data for continuous varia-
bles were expressed as mean * SD, and the differences were
tested for significance using t tests for comparison of two
groups and analysis of variance (ANOVA) for comparison
among multiple groups. Categorical variables were compared
using the chi-squared test. Odds ratios (ORs) and 95% confi-
dence intervals (Cls) were used to describe associations. ORs
with corresponding 95% ClIs were obtained by conditional
logistic regression analysis. Trend tests were assessed using

Int. J. Cancer: 000, 000-000 (2011) © 2011 UICC

an ordinal score for each categorical variable. All two-sided
p-values less than 5% were considered statistically significant.

Results

In our study, 239 middle-aged men with colorectal adenoma
were identified. Although four cases of adenocarcinoma were
also detected during the study period, they were excluded
from the study because of the small number. The same num-
ber of age-matched adenoma-free controls was randomly
selected from among asymptomatic middle-aged factory
workers. Baseline characteristics of colorectal adenoma cases
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Table 2. Association between Helicobacter pylori infection or chronic atrophic gastritis and colorectal adenoma

Controls Total adenoma cases Proximal Bilateral Distal
(n = 239) (n = 239) (n=38) (n=78) (n = 123)
H. pylori infection
(O] 72 38 5 16 17
(€3] 167 201 33 62 106
Crude OR (95% ClI) 1 2.26 (1.44-3.55) 2.85 (1.07-7.58) 1.67 (0.90-3.10) 2.69 (1.50-4.81)
Adjusted OR! (95% CI) 1 2.52 (1.57-4.05) 2.84 (1.07-7.58) 1.72 (0.92-3.22) 2.88 (1.60-5.21)
CAG
o] 176 162 22 56 84
(€D 63 77 16 22 39
Crude OR (95% CI) 1 1.31 (0.89-1.93) 2.03 (1.004-4.11) 1.10 (0.62-1.94) 1.30 (0.81-2.09)
Adjusted OR! (95% CI) 1 1.45 (0.97-2.17) 2.03 (0.99-4.14) 1.17 (0.65-2.10) 1.38 (0.85-2.24)

*Adjusted for current smoking status and total cholesterol by conditional logistic regression analysis.
Abbreviations: OR, odds ratio; Cl, confidence interval; CAG, chronic atrophic gastritis.

and controls are summarized in Table 1. No significant dif-
ferences in mean age, body mass index (BMI), alcohol con-
sumption or serum triglyceride levels (TG) were apparent
between cases and controls. Smoking and hypercholesterole-
mia tended to be more frequent among cases (p < 0.1),
reflecting those of bilateral and distal adenoma cases, respec-
tively. Therefore, smoking habits and total serum cholesterol
(TC) levels were included in the model to control for con-
founding effects in the following analyses. The serum PG II
level was significantly higher in cases than in controls, espe-
cially among distal adenoma cases, while the PG I/II ratio
was significantly lower among adenoma cases irrespective of
their location. The clinicopathologic features of the adenoma
cases are also shown in Table 1. The proportion of cases
with a lesion >10 mm in size and the proportion of cases
with two or more lesions were larger in bilateral, distal and
proximal adenoma cases, in that order. A significant differ-
ence was observed between bilateral and proximal cases.
There was no significant difference in the histopathology or
the grade of dysplasia according to the location of the polyps.

Since PG II and the PG I/II ratio are believed to reflect
the activity of inflammation and extent of atrophy, respec-
tively, during the course of H. pylori-related chronic gastri-
tis,’’"'® further analyses were performed with special refer-
ence to the infection. Table 2 shows that H. pylori infection
was significantly more prevalent among cases (84.1%) than
among controls (69.9%), with a crude OR of 2.26 (95% CI:
1.44-3.55) (Table 2). The risk of adenoma was significantly
elevated by H. pylori infection regardless of its location, both
in the proximal and distal colon, although there was no
increase in risk in bilateral adenoma cases. The percentage of
subjects with CAG, as determined by serum PG levels using
the criteria of PG < 70 ng/ml and PG I/II < 3.0, was 32.2%
in cases and 26.4% in controls, indicating that the presence
of CAG did not lead to a significant increase in the risk
of colorectal adenoma (crude OR: 1.31; 95% CI: 0.89-1.93)
(Table 2). Although adenoma risk was marginally signifi-

cantly elevated by the presence of CAG in a subgroup of sub-
jects with proximal adenoma, the adjusted OR showed no
significantly increased risk.

H. pylori-related chronic gastritis can be classified into three
stages based on the results of the two serologic tests: H. pylori
antibody titer and PG (3). The classification reflects each stage
of a serial change in stomach mucosa induced by chronic H.
pylori infection. The three groups were: Group A: H. pylori-
negative and PG test-negative; Group B: H. pylori-positive and
PG test-negative; and Group C: PG test-positive. Group A cor-
responds to an H. pylori-free healthy stomach, Group B corre-
sponds to H. pylori-related nonatrophic gastritis and Group C
corresponds to the presence of extensive CAG. Table 3 shows
the correlations between these three stages of H. pylori-related
chronic gastritis and risk of colorectal adenoma. The presence
of H. pylori-related chronic gastritis significantly increased the
risk for colorectal adenoma as a whole (Group B: crude OR:
2.61, 95% CI: 1.54-4.41), but the progression of chronic gastri-
tis and resulting CAG development did not show any further
increase in the risk of adenoma (Group C: crude OR: 2.30, 95%
CI: 1.38-3.83). There was no significant difference in risk
between Groups B and C (crude OR: 1.01, 95% CI: 0.66-1.54).
Cases were further stratified into three groups based on loca-
tion of the tumor (proximal, distal or bilateral). The risk of dis-
tal adenoma, a major subgroup of colorectal adenoma, was sig-
nificantly increased with H. pylori infection (Group B: crude
OR: 2.87, 95% CI: 1.54-5.35), but there was no further increase
in risk with the presence of CAG. In contrast, analysis of proxi-
mal adenoma cases showed that the adenoma risk increased in
a stepwise manner with the presence and progression of H.
pylori-related chronic gastritis, and it showed a maximal and
significant increase in the presence of H. pylori-related CAG
(Group C: crude OR: 4.51, 95% CI: 1.43-14.2). Bilateral ade-
noma cases showed no significant risk elevation in the presence
of either H. pylori infection or CAG.

Stricter criteria for positive PG I (<30 ng/ml) and PG I/II ra-
tio (<2.0) are used to detect subjects with more extensive and

Int. ). Cancer: 000, 000-000 (2011) © 2011 UICC



Inoue et al.

Table 3. Association between development of colorectal adenoma and stage of Helicobacter pylori-related chronic gastritis

Controls Total adenoma cases Proximal Bilateral Distal
H. pylori CAG (n = 239) (n = 239) (n = 38) (n=78) (n =123)

Group A - ()] 71 35 4 15 16
GroupB (4 (&) 105 127 18 41 68
Group C +) 63 77 16 22 39
Crude OR
A:B (95% Cl) 1 2.61 (1.54-4.41) 3.04 (0.99-9.37) 1.85 (0.95-3.59) 2.87 (1.54-5.35)
A:C (95% CI) 1 2.30 (1.38-3.83) 4.51 (1.43-14.2) 1.65 (0.79-3.46) 2.75 (1.40-5.39)
B:C (95% Cl) 1 1.01 (0.66-1.54) 1.48 (0.71-3.11) 0.89 (0.49-1.64) 0.96 (0.58-1.58)
Adjusted OR?
A:B (95% Cl) 1 2.81 (1.64-4.81) 3.06 (0.99-9.42) 1.85 (0.94-3.62) 3.05 (1.62-5.73)
A:C (95% CI) 1 2.70 (1.58-4.62) 4.51 (1.43-14.2) 1.76 (0.83-3.74) 3.05 (1.54-6.07)
B:C (95% CI) 1 1.04 (0.68-1.60) 1.54 (0.73-3.27) 0.94 (0.51-1.75) 1.00 (0.60-1.66)
Trend (p value) 0.002 0.009 0.188 0.007

Adjusted for current smoking status and total cholesterol by conditional logistic regression analysis.
Abbreviations: CAG, chronic atrophic gastritis; OR, odds ratio; Cl, confidence interval.

Table 4. Association between development of colorectal adenoma and stage of Helicobacter pylori-related chronic gastritis (PG test-positive

criteria : PGl < 30 ng/ml, PG I/ll < 2)

Controls Total adenoma cases
_ _ H.pylori  CAG (n = 239) (n = 239)

»Group A - =) 71 35

GroupB () () 155 180

Group C (€8] 13 24

Crude OR

A:B (95% ClI) 1 2.36 (1.49-3.73)
A:C (95% CI) 1 3.75 (1.70-8.23)
B:C (95% CI) 1 1.59 (0.78-3.23)
Adjusted OR*

A:B (95% CI) 1 2.45 (1.54-3.90)
A:C (95% CI) 1 4.20 (1.88-9.40)
B:C (95% CI) 1 1.73 (0.84-3.58)
Trend (p value) <0.001

Proximal

L S
4

29

5

3.32 (1.12-9.80)
6.83 (1.61-28.9)
2.06 (0.68-6.21)

3.33 (1.13-9.83)
7.00 (1.64-29.9)
2.31 (0.75-7.11)
0.005

Bilateral
(n=78)
56

7

1.71 (0.91-3.23)
2.55 (0.87-7.46)
1.49 (0.57-3.93)

1.75 (0.92-3.33)
2.67 (0.88-8.12)
1.48 (0.55-4.04)
0.049

Distal
(h=123)

16
95
12

2.72 (1.49-4.95)
4,10 (1.58-10.6)
1.51 (0.66-3.44)

2.91 (1.58-5.36)
5.16 (1.92-13.9)
1.76 (0.75-4.12)
<0.001

*Adjusted for current smoking status and total cholesterol by logistic regression analysis.
Abbreviations: PG, pepsinogen; CAG, chronic atrophic gastritis; OR, odds ratio; Cl, confidence interval.

severe CAG."” Using these criteria in the study subjects, 31.2%
(24/77) who were diagnosed as CAG positive by the less strict cri-
teria (PG I < 70 ng/ml and PG I/II < 3.0) were considered to be
in a more advanced stage of CAG. Table 4 shows that these
advanced-stage CAG subjects were at even higher risk for proxi-
mal adenoma (crude OR: 6.83, 95% CI: 1.61-28.9), and they were
also at higher risk for distal adenoma (crude OR: 4.10, 95% CI:
1.58-10.6) compared to CAG-positive subjects diagnosed by the
less strict criteria (PG I < 70 ng/ml and PG V/II < 3.0). In con-
trast, the adenoma risk of H. pylori-infected CAG-free subjects
detected by the stricter criteria was at a comparable level to the
subjects diagnosed by the less strict criteria.

Int. J. Cancer: 000, 000-000 (2011) © 2011 UICC

Discussion

Our study investigated correlations between H. pylori infec-
tion and risk of colorectal adenoma. Once established in the
stomach mucosa, H. pylori-related chronic gastritis is gener-
ally believed to trigger a series of events involved in stomach
carcinogenesis, as the gastritis-atrophy-metaplasia-dysplasia-
cancer sequence.” We therefore stratified study subjects based
on the stage of H. pylori-related chronic gastritis as deter-
mined by two serum tests (H. pylori antibody titer and PG)
and then evaluated colorectal adenoma risk in each stage. As
a result, our study clearly indicated that H. pylori infection
was a risk for colorectal adenoma, which is consistent with
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the results from a limited number of previous hospital-based
case-control studies®?' and comparative studies’ ¢ that
reported an increased risk of colorectal neoplasia with H.
pylori infection. However, most of these studies were con-
founded by uncontrolled factors, so the relationship between
colorectal cancer/adenoma and H. pylori infection remained
unclear. The present population-based case-control study of
middle-aged male factory workers was adjusted by potentially
confounding factors and clearly demonstrated an increase in
the risk of colorectal adenoma in the presence of H. pylori
infection, although there remains a possibility of uncontrolled
confounding factors remaining.

As for the correlation between colorectal neoplasia and
CAG, to the best of our knowledge, a single report by
Machida et al. showed an insignificant increase in the preva-
lence of CAG among colorectal cancer patients in a hospital-
based case-control study.”” Likewise, in our study, the pres-
ence of CAG, as determined by serum PG level, did not con-
tribute to an increase in colorectal adenoma risk as a whole.
Accumulating evidence suggests that the risk of colorectal ne-
oplasia associated with various environmental and genetic
factors differs for proximal and distal neoplasms,?® probably
reflecting two recently proposed and different tumorigenic
pathways based on the molecular features of CpG Island
methylator phenotype (CIMP+) and microsatellite instability
(MSI+) predominantly occurring in the proximal colon, and
chromosomal instability (CIN) occurring in the distal co-
lon.?® Adenoma cases were thus stratified into proximal and
distal groups, and the adenoma risk of each group was ana-
lyzed. As a result, a subgroup of subjects with proximal ade-
noma showed a stepwise increase in adenoma risk with the
presence and progression of H. pylori-related chronic gastri-
tis, and it reached a maximal and significantly high risk level
with the development of CAG, whereas the adenoma risk of
the major subgroup with distal adenoma showed no further
increase with the development of CAG after H. pylori infec-
tion. Furthermore, the adenoma risk for both proximal and
distal cases appeared to be still higher in about a third of the
subjects with CAG, who were in a more advanced stage.
Given all these findings, H. pylori infection is likely to be
involved in the development of colorectal adenoma, and the
resultant CAG and its progression appears to further increase
the risk, particularly for proximal adenoma.

Various interpretations have been suggested for the mech-
anism by which H. pylori is involved in an increased risk of
colorectal neoplasia. First, H. pylori infection increases gastrin
secretion, which could contribute to colorectal carcinogenesis
by inducing mucosal cell proliferation in the colon.'® As for
the correlation between colorectal neoplasia and gastrin, a
limited number of epidemiological studies have been done
with inconsistent results, some indicating positive correla-
tions?®*® and others, including a recent large nested case-
control study, finding no correlation?**' The differences in
these results might be attributable to gastrin precursors such
as progastrin or glycine-extended gastrin acting as more im-
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portant promoters of colorectal carcinogenesis than the fully
amidated form of the hormone measured by most commer-
cially available assays.'®*? Second, H. pylori infection might
also affect the normal gastrointestinal flora, which contributes
to colorectal carcinogenesis,”® > as a result of the reduced
gastric acid secretion caused by H. pylori-related chronic
gastritis.

Previous studies have indicated that the presence of an en-
teric infection and bacterial overgrowth, including intestinal
bacteria, are considered to be directly related to a reduction in
gastric acid secretion.’®>® Indeed, our previous study revealed
that CAG-positive asymptomatic middle-aged subjects, as
determined by serum PG levels of PG I < 70 ng/ml and PG I/
II ratio of < 3.0, were found to have more colonic microflora
than CAG-negative subjects.'! Bacterial overgrowth is reported
to lead to an increase in unabsorbed nutrients in the lower
intestine due to impaired gastric protein digestion,” so some
metabolites derived from bacterial fermentation of malab-
sorbed proteins probably play a role in the etiopathogenesis of
colonic disorders, including epithelial neoplasia.***'

In the present results, the association between CAG and ad-
enoma appeared to be particularly high in the proximal colon,
but the reason for this is currently unclear. As described above,
altered DNA methylation is proposed to be involved in the car-
cinogenic process of the proximal colon, and it is also known
that chronic inflammation induces aberrant DNA methylation
in normal tissues.*> From this viewpoint, it is interesting that
interleukin-6, a pro-inflammatory cytokine, whose polymor-
phisms are involved in the susceptibility to various cancers, is
reported to induce expression and activity of DNA methyl-
transferase.*> Thus, it is possible that CAG-induced colonic
bacterial overgrowth can generate methylation changes to
which the proximal colon is more susceptible. In addition, co-
lonic bacterial overgrowth is also known to lead to an
enhanced production of secondary bile acids, which are
reported to increase the risk for proximal colon cancer.* Also,
bile acids are presumed to cause DNA damage and activation
of the carcinogenic pathway involving DNA methylation par-
ticularly in proximal colonic mucosa, and finally lead to the de-
velopment of cancer.*>* Third, H. pylori urease could turn
gastric juice urea into ammonia and carbon dioxide,*” which
might also affect the normal gastrointestinal flora and contrib-
ute to colorectal carcinogenesis. Some studies have correlated
high concentrations of luminal ammonia with colon carcino-
genesis.*® Fourth, subjects with H. pylori infection might have
lifestyles that increase susceptibility to carcinogenesis of the
stomach and the rest of the gastrointestinal tract.

This study had some limitations. First, the subjects were
asymptomatic men who were susceptible to colon cancer
because of their age and who were self-referred for colono-
scopy. As such, these subjects may have had a different over-
all prevalence of colorectal adenoma and risk profile for colo-
rectal cancer compared to the general working population. It
is also possible that the subjects were more health-conscious
or had undisclosed reasons for suspecting they had colorectal
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disease. Although we do not claim a complete absence of
selection bias, the prevalence of colorectal adenoma (23.5%)
in our study is in a range similar to the recently reported
value of 26.5%, based on colonoscopy, of asymptomatic sub-
jects in Japan.*® Second, patients with hypergastrinemia and
hyperchlorhydria secondary to Zollinger-Ellison syndrome
show increased proliferation of rectal mucosa,”® and Machida
et al. reported that atrophic gastritis with gastric acid reduc-
tion (presence of CAG) might increase the risk of rectal can-
cer.”” However, we failed to detect a significant association
with rectal adenoma, as we did not have a sufficient sample
size for tumors located only in the rectum. Third, with
respect to the misclassification of exposures, the diagnosis of
H. pylori infection and atrophic gastritis were based on sero-
logical tests. However, misclassification was likely to have
occurred equally among cases and controls, and the risk of
developing adenomas following infection might have been

In conclusion, it is probable that H. pylori infection is
involved in an increased risk of colorectal adenoma, and the
risk of adenoma, particularly in the proximal colon, appears
to be further enhanced by the presence and progression of
CAG. The stage of H. pylori-related chronic gastritis, as
determined by the two serologic markers H. pylori antibody
and PG, will probably be useful for the evaluation of risk of
colorectal neoplasia, and may contribute to the selection of
high-risk individuals who warrant surveillance by colono-
scopy. Further investigation into the role of H. pylori infec-
tion in the carcinogenesis of the colorectum is necessary. In
addition, whether eradication therapy for H. pylori-infected
subjects reduces the risk of colorectal neoplasia is a problem
for future study.
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