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Relative Validity of an FFQ vs. 3d-WDRs

Table 4. Comparison of nutrient intakes between three-day weighed diet records and food frequency questionnaire according to quartile

classification for males.

Crude (%) Energy-adjusted (%)

Exact Agreement within Exact Agreement within
Nutrient agreement  adjacent categories  Disagreement  agreement adjacent categories  Disagreement
Energy 33 74 3
Protein 33 66 8 29 75 5
Fat 32 75 8 42 84 3
Carbohydrate 41 85 0 42 92 0
Protein energy% 29 75 5 32 77 4
Fat energy% 45 79 4 41 79 3
Carbohydrate energy% 51 89 3 49 93 0
Saturated fatty acids 30 75 8 41 85 5
Monounsaturated fatty acids 33 73 7 29 71 4
Polyunsaturated fatty acids 27 71 5 32 74 7
n-6 Polyunsaturated fatty acids 29 71 11 26 62 17
n-3 Polyunsaturated fatty acids 25 74 12 28 71 15
n-3 Highly-unsaturated fatty acids 31 74 6 33 70 9
Cholesterol 32 70 4 25 70 12
Calcium 30 77 5 32 78 3
Iron 30 68 5 42 82 4
Carotene 32 68 10 37 66 10
Vitamin A 29 60 11 27 66 8
Vitamin D 37 74 4 38 75 7
Vitamin E 26 66 11 29 71 7
Vitamin B1 23 66 7 36 66 5
Vitamin B2 29 78 3 42 82 1
Folate 30 73 7 38 79 5
Vitamin C 33 67 5 33 74 3
Soluble dietary fiber 23 56 12 32 68 12
Insoluble dietary fiber 22 62 11 33 70 7
Total dietary fiber 26 62 10 26 70 5
Median 30 73 7 33 74 5
Average 31 71 7 34 75 6




N

Tokudome Y, et al. 141

Table 5. Comparison of nutrient intakes between three-day weighed diet records and food frequency questionnaire according to quartile
classification for females.

Crude (%) Energy-adjusted (%)
Exact Agreement within Exact Agreement within

Nutrient agreement  adjacent categories Disagreement  agreement adjacent categories  Disagreement
Energy 31 75 5 33 77 5
Protein 36 73 7 34 75 4
Fat 36 68 9 36 76 6
Carbohydrate 40 76 5 41 78 5
Protein energy% 35 78 5 35 77

Fat energy% 33 73 8 37 74 7
Carbohydrate energy% 40 78 5 40 81 5
Saturated fatty acids 33 74 6 39 79 9
Monounsaturated fatty acids 33 68 12 36 72 8
Polyunsaturated fatty acids 26 64 13 27 68 11
n-6 Polyunsaturated fatty acids 29 71 11 26 62 13
n-3 Polyunsaturated fatty acids 25 74 12 28 71 12
n-3 Highly-unsaturated fatty acids 31 74 6 33 70 7
Cholesterol 31 66 11 33 73 12
Calcium 38 81 5 36 83 5
Iron 33 72 7 35 77 5
Carotene 32 77 8 33 73 6
Vitamin A 29 68 6 33 73 9
Vitamin D 32 74 9 29 74 9
Vitamin E 22 63 14 26 67 9
Vitamin B1 - 30 67 10 29 65 9
Vitamin B2 35 76 6 35 75 5
Folate 32 74 9 40 74 7
Vitamin C 39 78 3 36 78 4
Soluble dietary fiber 33 72 5 29 76 4
Insoluble dietary fiber 39 74 9 40 71 5
Total dietary fiber 40 73 - 7 40 76 5
Median 33 73 7 35 76 6

Average 33 73 8 34 75 7




"PI0931 191 Y ‘2xreuuonsonb Louonboxy pooy (D1 ‘PI0091 121P paySIom NAM.
o' SAA PUe O Y paanseaur ‘A810u9 103 1deoxs ‘soxeIul JUSLONY JO STUSIOLII00 UOHE[a1I00 Yuel sueweads pajsnfpe-A81ous pue -o8e ‘pajenusne-o(Q : |

S pue OAd Yia paynduwiod ‘A315u9 103 1do0Xa ‘SONRINT JUSLHNY JO JUSIOYJO03 UOHR[SLIOD S U0SIE pajsnlpe-A3ieug : §
o SAA Pue Opl] WM pare[nofes ‘AZ10ud 10 jdadxe ‘SoxEIUl JUSIINU JO JUIIDIJJA00 UOTIE[ALIOD S,U0SIES] pasnfpe-£31aus pue pajenuayne-a(] :
' SUA PUE O PIM panseswt ‘A310us 10§ 1da0Xa ‘SoyeIUl JUSLHNU JO JUSIOIIF03 UOTIBIIIIOD §,U0SIes] paisnfpe-£81ouo pue pauLiojsuen-3of ‘parenusne-od : |
' SAA pue O WM parenofes ‘A3rous 10y 3dooxe ‘sovLIUT JUSLNNU JO JUIIOIYJO00 UONR[OLI0D §uosIead pasnipe-ASroug @

LEO $v0 Lo 9%'0 6£°0 S LSO 160 L0 o 90 8¢°0 o8erny

LEO 70 90 6v°0 A\ 1+0 $S°0 050 050 0v°0 90 870 UBIPS]

9¢'0 9¢°0 950 $9°0 160 190 590 Toqy Axejerp [e10],

£6°0 €60 96°0 13q13 Azelorp ojquosuf

$T0 570 760 5qY Aeatp dqnjog

%0 S0 €70 850 SE0 6£°0 670 €60 560 0r'0 S0 0 D UIIEEHA

@ €70 LSO ¥5°0 €70 £9°0 09°0 o UREYA

m 01°0 970 10 £6°0 170 90 1 UMUENA

3 L1 1£0 170 860 0v'0 050 050 o urueyA

° 0r'0 $9°0 €50 (I URueA

m 7T0 LT0 61°0 SH0 6v°0 750 90 0 V URUEB)IA

& 8€°0 6£°0 St°0 LSO §9°0 %0 990 €0 160 9¢'0 Sl ausjore)
C

,m o 860 Ly'0 S€°0 1€0 8’0 wo 750 AN LSO 7T0 uoy

> 65°0 6v°0 L9°0 LS0 %0 LS0 €L0 8L0 1L0 £L°0 190 69°0 wne)

m 61°0 €10 SE0 050 120 €50 750 [013189[0YD)

0 $70 0 6v'0 6¢°0 wo 650 S1°0 sproe Anej pajernsesundlod

5 vE0 £r'0 £5°0 £9°0 870 190 AN0) SPIOR A1Je) POJEInIESUNOUOI

K wo $9°0 870 €L°0 LEO 9L°0 1$°0 sproe Ayjej pejernyes

$9°0 98°0 €r0 LSO S 670 99°0 £60 9’0 Y20 750 $E0 ajeIpAyogIe)

89’0 790 L0850 LEO 61°0 LEO 550 050 09°0 0£'0 790 £€0°0- 18

9¢0 050 6v°0 $70 0 620 6270 €50 A 0£°0 61°0 LSO urel01g

24\ 0¥0 8¢°0 50 €20 80 170 6€°0 $T0 $S°0 AS1oug

621 €L 86 SS €7 L01 76 w %4 w 44 1€ $109fqns Jo "ON

JJewra] J[eIN Qeweg e AN oo AN eIz I Arewray AN Jfewiay pue e Xas

SIAM «  Odd Odd < sIam Odd « sYam Odd « syam DI« UAM  SUAM « 'O Odd« SY-H#C spotglaur o] Jo souonbog

wmg‘sﬁm@ € SNMA 3;%@@ QATINOASUOD / SUOSeIS X SYAM %&U L SU0Sseas ¢y X SPJA BJQE‘ SU0Seas INOY X SYAM %.mﬁ.v SYIUIOW 7 [ X [[ed91-1n0Y 47 Splodal Euozu JO sampanold

g S 9I0¢ gi0¢p 6 8 sou0Fa3e0 Kouonbaiy Jo "oN

Ly 17 9¢ 144 L6 1€ SUIA) POOJ JO 'ON

($007) Apmsuesary |, (€007) '[B 310 BAMESQ 5 (T00T) Te R 99T ; (1007) '[e 30 ouoqns], 1{6661) Te 10 Twredy . (L661) Te 10 eynsiEyE],

142

*SP10291 101p “SA sexeuuonsanb Kouanbaiy pooy 110ys assuedef JO SYUAINNU PAIIS[AS 10] SAOIPUI AIPIRA JO uosLredwo)) 9 Aqe],




Tokudome Y, et al. 143

-83.0), and 21.7 + 2.2 (16.9 - 28.4) for females, respectively.

Intake of nutrients .

The intakes of energy and macro- and micro-nutrients gauged
with the FFQ were generally lower than those with 3d-WDRs
(Table 1). The ratios of nutrient consﬁmption measured with the
FFQ vs. 3d-WDRs (minimum- median- maximum) were distrib-
uted from 0.57 - 0.79 - 1.09 for males and 0.61 - 0.86 -1.04 for
females.

De-attenuated, log-transformed and energy-adjusted Pearson's
CCs between intakes of nutrients quantified with the FFQ and 3d-
WDRs were distributed from 0.12 (n-6 PUFAS) - 0.45 (vitamin C)
- 0.86 (carbohydrate and carbohydrate energy %) for males (Table
2), and energy-adjusted Spearman's rank CCs were distributed
from 0.13 (n-6 PUFAs) - 0.35 (protein energy % and vitamin D) -
0.76 (carbohydrate energy %).

De-attenuated, log-transformed and energy-adjusted Pearson's
CCs between intakes of nutrients quantified with the FFQ and 3d-
WDRs were distributed from 0.10 (vitamin B1) - 0.38 (carotene
and folate) - 0.66 (carbohydrate energy %) for females (Table 3),
and energy-adjusted Spearman's rank CCs were distributed from
0.11 (vitamin B1) - 0.34 (protein energy % and SFAs) - 0.47 (cal-
cium).

Median percentages of exact agreement, agreement within adja-
cent categories, and disagreement according to the quartile classi-
fication of energy-adjusted nutrient intakes quantified with the
FFQ and 3d-WDRs were 33, 74, and 5 for males (Table 4), and
35, 76, and 7 for females (Table 5), respectively.

DISCUSSION

Because our FFQ is brief, covering 47 foods/food groups, the
mean daily intakes of energy and 26 macro- and micro-nutrients
determined with the FFQ were, as expected, generally smaller
than those measured with the 3d-WDRs.*? De-attenuated, log-
transformed and energy-adjusted Pearson's CCs between intakes
of selected nutrients quantified with the FFQ and 3d-WDRs were
distributed from 0.10 - 0.86 and energy-adjusted Spearman’s rank
CCs were from 0.11 to 0.76. For most nutrients, fairly high rela-
tive validity values for the FFQ were achieved with reference to
the 3d-WDRs. But the disagreement values for certain nutrients
were not negligible and non-differential misclassification will
unduly underestimate the risk.” Our FFQ thus should be deliber-
ately applicable to rank individuals according to consumption of
energy and nutrients selected for dietary studies in middle-aged
Japanese.

Relative validity values are dependent on various parameters,
such as person, place, time, and study protocols, which include
the study subjects (e.g., people in the general population vs. dieti-
tians/nurses), study devices adopted, interval between the two bat-
teries of tests studied, sequence of the batteries, number of food
items in the FFQ, procedures and days of DRs, and diversity of
food intake (e.g. Japanese, Chinese and American diets).**

Relative validity values for macronutrients and respective ener-
gy % were reasonably high, but those for some micronutrients,
including cholesterol, vitamins, minerals and dietary fibers, were
rather low because the two methods measured different profiles of
dietary consumption. The former inquired about dietary habits
during the preceding year, and the latter surveyed actual food
intakes for 3 days. WDRs are accurate without recall bias, but do
not necessarily indicate habitual food consumption. Naturally, the
two values do not necessarily correlate well with each other. It is
also well known that great intra-individual varjation exists by day,
week and season for micronutrients, including vitamins and min-
erals.'®"* 2 Three days are not long enough to assess the actual
consumption of those nutrients and relative validity indices are
invariably low, particularly for nutrients with high within-individ-
ual variation. Thus, short-day WDRs cannot be accepted as the
gold standard. Furthermore, the both values estimated with FFQ

- and 3d-WDRs appear underestimated partly because incomplete-

ness of the database published.” Accordingly, our investigation
should rightly be called a "relative" validation study, and the
indices need to be carefully evaluated.

An FFQ covering 47 foods/food groups may not be adequate
for accurately assessing consumption of energy and 26 macro-
and micro-nutrients. We formerly developed an SQFFQ with 118
foods/food groups. Its relative validity indices against 28d-WDRs
(consecutive 7 day-WDRs x 4 seasons) were more favorable than
with the short FFQ,® which may be partly explained by the num-
ber of included foods/food groups. In general, the greater the
number of foods/food groups listed in the FFQ, the higher the rel-
ative validity values, but the lower the compliance among study
subjects.”* In addition, the fact that portion/serving size is request-
ed by the SQFFQ, but not by the FFQ, except for staple foods,
may be another reason for variation in the relative validity
indices.

Because our long SQFFQ was applied to Japanese dietitians,® it
is also plausible that the relative validity indices were more favor-
able than with subjects from the general populace. Reducing the
study subjects' burden appears critical and questionnaires should
be designed to be reasonably short when self-administered by the
general public, especially for large-scale epidemiological studies.
We thus had to shorten our questionnaire to maintain high com-
pliance and still be able to rank the study subjects according to
their nutrient intakes.

The sequence of application of study devices also appears cru-
cial,** The FFQ should be first administered and relative validity
figures then evaluated with DRs/WDRs distributed later because
FFQs are delivered to the study subjects in the actual dietary epi-
demiology settings. With the reverse order, DRs/WDRs invari-
ably yield education/memory effects, by which relative validity
values are artificially improved, particularly when the interval
between the two batteries of tests is short.

Here, we compared the relative validity values for a short FFQ
with less than 100 food items applied to the Japanese general pop-
ulace. Egami et al.* earlier administered a 97-item FFQ before
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WDRs (Table 6) and their relative validity indices were almost
equivalent to those of our questionnaire, with values for macronu-
trients also consistently greater than those for micronutrients,
including vitamins and minerals. Other DRs/WDRs were deliv-
ered prior to respective FFQs,”* but as discussed earlier, the fig-
ures should be carefully interpreted. The relative validity values
for most nutrients in our questionnaire nonetheless stand compari-
son not only with Japanese data but also with those for brief FFQs
employed elsewhere in the world.!**

In conclusion, relative validity values were rather low for sev-
eral nutrients, but satisfactorily high figures were obtained with
most nutrients for our FFQ against the 3d-WDRs values. The
questionnaire thus seems applicable to rank individuals according
to consumption of energy and nutrients selected in dietary studies
in the middle-aged Japanese. Bearing in mind these strengths and
weaknesses of our FFQ, it can be administered to the general pop-
ulace, with caution, to investigate possible associations between
dietary intake and disease/health in case-control and cohort stud-
ies.

ACKNOWLEDGMENTS

The authors thank the volunteers for their participation in the pre-
sent study, and express their appreciation to Ms. Y. Miyai and
Ms. M. Sato for their technical assistance in preparing this manu-
script.

REFERENCES

1. World Cancer Research Fund/American Institute for Cancer
Research. Food, Nutrition and the Prevention of Cancer: a
Global Perspective. Washington, DC: American Institute for
Cancer Research, 1997.

2. Thompson FE, Byers T. Dietary assessment resource manual.
J Nutr 1994; 124: S2245-82317.

3. Willett W. Nutritional Epidemiology, 2nd Edition. New
York: Oxford University Press, 1998.

4. Margetts BM, Nelson M. Design Concepts in Nutritional
Epidemiology. Oxford: Oxford University Press, 1999.

5. Tokudome S, Ikeda M, Tokudome Y, Imaeda N, Kitagawa 1,
Fujiwara N. Development of data-based semi-quantitative
food frequency questionnaire for dietary studies in middle-
aged Japanese. Jpn J Clin Oncol 1998; 28: 679-87.

6. Tokudome S, Imaeda N, Tokudome Y, Fujiwara N, Nagaya
T, Sato J, et al. Relative validity of a semi-quantitative food
frequency questionnaire versus 28 day weighed diet records
in Japanese female dietitians. Eur J Clin Nutr 2001; 55: 735-
42.

7. Imaeda N, Fujiwara N, Tokudome Y, Ikeda M, Kuriki K,
Nagaya T, et al. Reproducibility of a semi-quantitative food
frequency questionnaire in Japanese female dietitians. J
Epidemiol 2002; 12: 45-53.

8. Tokudome S, Goto C, Imaeda N, Tokudome Y, Ikeda M,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Relo’rive’ Vdiidity of an FFQ vs. 3d-WDRs

Maki S. Development of a data-based short food frequency
questionnaire for assessing nutrient intake by middle-aged
Japanese. Asian Pacific J Cancer Prev 2004, 5: 40-3.

. Science and Technology Agency, Japan. Standard Tables of

Food Composition in Japan. The Fourth Edition. Tokyo:
Ministry of Finance, 1982. (in Japanese)

Science and Technology Agency, Fatty acids, Cholesterol,
Vitamin E Composition Table of Japanese Foods. Tokyo:
Ishiyaku Shuppan, 1989. (in Japanese)

Science and Technology Agency, Japan. Standard Tables of
Food Composition in Japan. The Fifth Edition. Tokyo:
Ministry of Finance, 1993. (in Japanese)

Science and Technology Agency, Japan. Follow-up of
Standard Tables of Food Composition in Japan. Tokyo:
Ishiyaku Shuppan, 1992. (in Japanese)

Imaeda N, Tokudome Y, Fujiwara N, Nagaya T, Kamae M,
Tsunekawa S. et al. Data checking and standardization in a
weighed food dietary record survey. Jpn I Nutr 2000; 58: 67-
76. (in Japanese)

Willett W, Stampfer MJ. Total energy intake: implications
for epidemiologic analyses. Am J Epidemiol 1986; 124: 17-
27.

Liu K, Stamler J, Dyer A, McKeever I, McKeever P.
Statistical methods to assess and minimize the role of intra-
individual variability in obscuring the relationship between
dietary lipids and serum cholesterol. J Chron Dis 1978; 31:
399-418.

Beaton GH, Milner J, Corey P, McGuire V, Cousins M,
Stewart E, et al. Sources of variance in 24-hour dietary recall
data: implications for nutrition study design and interpreta-
tion. Am J Clin Nutr 1979; 32: 2456-9.

Rosner B, Willett WC. Interval estimates for correlation coef-
ficients corrected for within-person variation: implications
for study design and hypothesis testing. Am J Epidemiol
1988; 127: 377-86.

Thompson RL, Margetts BM. Comparison of a food frequen-
cy questionnaire with a 10-day weighed record in cigarette
smokers. Int J Epidemiol 1993; 22: 824-33.

Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C,
Witschi J, et al. Reproducibility and validity of a semiquanti-
tative food frequency questionnaire. Am J Epidemiol 1985;
122: 51-65.

Yarnell JWG, Fehily AM, Milbank JE, Sweetnam PM,
Walker CL. A short dietary questionnaire for use in an epi-
demiological survey: comparison with weighed dietary
records. Human Nutr Applied Nutr 1983; 37A: 103-12.
Johansson I, Hallmans G, Wikman A, Biessy C, Riboli E,
Kaaks R. Validation and calibration of food-frequency ques-
tionnaire measurements in the Northern Sweden Health and
Disease cohort. Public Health Nutr 2002; 5: 487-96.

Rothman KJ, Greenland S. Modern Epidemiology, 2nd ed.
Philadelphia: Lippincot-Raven, 1998.

Tokudome Y, Imaeda N, Nagaya T, Ikeda M, Fujiwara N,




24.

25.

26.

Tokudome Y, et al.

Sato J, et al. Daily, weekly, seasonal, within- and between-
individual variation in nutrient intake according to four sea-
son consecutive 7 day weighed diet records in Japanese
female dietitians. J Epidemiol 2002; 12: 85-62.

Egami I, Wakai K, Kato K, Lin \C, Kawamura T, Tamakoshi
A, et al. A simple food frequency questionnaire for Japanese
diet: Part II. Reproducibility and validity for nutrient intakes.
J Epidemiol 1999; 9: 227-34.

Takatsuka N, Kawakami N, Kawai K, Okamoto Y, Ishiwata
K, Shimizu H. Validation of recalled food intake in the past
in a Japanese population. J Epidemiol 1996; 6: 9-13.
Tsubono Y, Kobayashi M, Sasaki S, Tsugane S, JPHC.

27.

28.

145

Validity and reproducibility of a self-administered food fre-
quency questionnaire used in the baseline survey of the JPHC
Study Cohort 1. J Epidemiol 2003; 13 (Suppl I): S125-33.
Lee KY, Uchida K, Shirota T, Kono S. Validity of a self-
administered food frequency questionnaire against 7-day
dietary records in four seasons. J Nutr Sci Vitaminol 2002;
48: 467-76.

Ogawa K, Tsubono Y, Nishino T, Watanabe Y, Ohkubo T,
Watanabe T, et al. Validation of a food-frequency question-
naire for cohort studies in rural Japan. Public Health Nutr
2003; 6: 147-57.



1%7.09°05.
e

British Journal of Cancer (2005) 93, 15-22
© 2005 Cancer Research UK Al rights reserved 0007 - 0920/05  $30.00

www.bjcancer.com

Soybean products and reduction of breast cancer risk: a case—
control study in Japan
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Components of the Japanese diet, which might contribute to the relatively low breast cancer incidence rates in Japan, have not been
clarified in detail. Since soybean products are widely consumed in japan. a case—control study taking account of the menopausal
status was conducted using data from the hospital-based epidemiologic research program at Aichi Cancer Center (HERPACC). In
total. 167 breast cancer cases were included and 854 women confirmed as free of cancer were recruited as the control group. Odds
ratios (OR) and 95% confidence intervals (95% Cl) were determined by multiple logistic regression analysis. There were reductions in
risk of breast cancer associated with high intake of soybean products among premenopausal women. Compared with women in the
lowest tertile, the adjusted ORs for top tertile intake of tofu (soybean curd) was 0.49 (95% Cl, 0.25-0.95). A significant decrease in
premenopausal breast cancer risk was also observed for increasing consumption of isoflavones (OR = 0.44; 95% Cl. 0.22-0.89 for
highest vs lowest tertile: P for trend =0.02). The present study found a statistically inverse association between tofu or isoflavone
intake and risk of breast cancer in Japanese premenopausal women, while no statistically significant association was evident with the

risk among postmenopausal women.
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Despite a marked increase in recent years, the incidence rates for
female breast cancer in most Asian countries are much lower
than those in the Western world (Parkin et al, 1997). Much of
the international variation is due to differences in established
reproductive risk factors, such as age at menarche, parity and age
at first birth, but dietary habits might also contribute. Dietary
studies of breast cancer have typically focused on the hypothesis
that there is a positive link with intake of fat. While ecological
studies have suggested associations in terms of incidence and
mortality, leading prospective studies of breast cancer, including
the Nurse’s Health Study (Stampfer et al, 1987) and studies of large
cohorts from New York (Toniolo ef al, 1994) and Norway (Vatten
et al, 1990) have shown no relation (Willett, 1997). Recently, there
has been more interest in other dietary factors, such as soybean
products, which may protect against breast cancer and provide an
explanation for some of the international differences in incidence
rates (Adlercreutz, 1990; Messina and Barnes, 1991).

Soybeans provide a unique concentrated source of isoflavones
and soybeans or isoflavones have been shown to exert anti-
carcinogenic effects on hormone-related cancers in a large number
of experimental studies. Despite the growing interest in the
protective effects, there are relatively few epidemiological data
available since soybean products are consumed mainly by Asian
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populations. In Japan, intake is in various forms, including tofu
(soybean curd), okara (tofu lees), moyashi (soybean sprouts),
tonyu (soymilk), yuba (soy milk skin), kinako (soy flour), miso
(fermented soybean paste), atsuage {(deep fried tofu), aburage
(thinly sliced deep fried tofu), natto (fermented soybeans),
koyadofu (freeze dried tofu) and shoyu (soy sauce), so that the
diet is likely to be much richer in isoflavones than in the Western
world, where the diet usually does not include soybeans. We here
evaluated the association between risk of breast cancer and
consumption of soybean products and isoflavones using data from
the hospital-based epidemiologic research program at Aichi
Cancer Center (HERPACC).

MATERIALS AND METHODS

Data collection

Details of the study design and subject characteristics have been
described elsewhere (Yoo et al, 1992; Hirose et al, 1995, 1999,
2001). In brief, we have conducted the HERPACC study since 1988,
whereby questionnaire survey is completed by first-visit out-
patients to the Aichi Cancer Center Hospital (ACCH) (Tajima et al,
2000). All questionnaires are then collected after checking for
incomplete responses by a trained interviewer and the data
are loaded into the computer system of the Aichi Cancer Center
Research Institute. The data collected are linked with the
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hospital-based cancer registry files. This study was approved by
the Institutional Review Board, and all participants provided
written, informed consent.

The questionnaire included questions on occupation, medical
history, height, weight, weight at around 20 years of age, family
history (parents and siblings), smoking and drinking habits,
sleeping habits, physical exercise and reproductive history. The
details were taken prior to assessment of symptoms and all
information was collected before clinical diagnoses were made.

Cases and controls

The present analysis was restricted to women aged 30 and over
who visited hospitals between January 2001 and March 2002. As
eligible cases, 79 premenopausal and 88 postmenopausal women
diagnosed as having breast cancer by histological examination
within 6 months of the first-visit were recruited. A methodological
study applying the same HERPACC data set earlier showed that the
OR based on a large number of controls gives more power and
steadier estimates than the use of matched controls (Hamajima
et al, 1994); therefore, we used all noncancer individuals as
candidates for controls in this study. As the controls, 854 female
first-visit outpatients who had never been diagnosed as having
cancer were recruited. Table 1 summarises details for the 167 cases
and 854 controls by age group and selected characteristics.

Exposure data

The interview included a validated, semiquantitative food-
frequency questionnaire (FFQ) (Tokudome et al, 1998, 2001;
Imaeda et al, 2002). Dietary intake was ascertained using a detailed
quantitative FFQ, including 119 food items/recipes, and the
following food groups were included: (a) meat and meat products
(poultry, ground meat, pork meat, beef, ham, sausage, bacon,
liver); (b) fish and fish products (salmon, eel, pale blue fleshed
fish, red fleshed fish, white fleshed fish, squid, octopus, shrimp,
crab, dried fish larvae, small bony fish, tuna canned in oil, cod roe,
oyster, shellfish, dried squid, fried fish paste, fish paste sausage);
(c) green-yellow vegetables (green leafy vegetables, pumpkin,
carrot, broccoli, green pepper, green soybean, green beans,
tomato); (d) other vegetables (cabbage, Japanese radish, burdock,
bamboo shoots, cucumber, eggplant, lettuce, bean sprout, onion,
Chinese cabbage, Japanese radish); (e) fruits (oranges, mandarin
oranges, persimmon, banana, apple, strawberries, kiwi, peach,
grapes, watermelon, melon, Japanese pears); (f) dairy products
(low fat milk, medium fat milk, high fat milk, calcium enriched
milk and yoghurt, skim milk, lactic acid bacteria beverage,
yoghurt, cheese, ice cream).

Furthermore, the following soybean products were included: (a)
tofu (soybean curd); (b) miso (fermented soybean paste); (c)
atsuage (deep fried tofu); (d) aburage (thinly sliced deep fried
tofu); (e) natto (fermented soybeans); (f) koyadofu (freeze dried
tofu). We evaluated validity of intakes based on the questionnaire
against those according to 28-day (four-season consecutive 7-day)
weighted diet records among 79 Japanese female dietitians. In the
validation study, the Spearman’s correlation coefficients between
the estimate intake of soybean products and isoflavone from the
questionnaire and that from dietary records were 0.51, 0.53,
respectively. For reproducibility of estimation from the ques-
tionnaire, the Spearman’s correlation coefficients for the con-
sumption of soybean products and isoflavone intake between two
questionnaires administered 1 year apart were 0.57 and 0.47,
respectively. :

All subjects in the present study were asked for average
frequency and portion size of consumption, during the period of
1 year before onset of the present disease or before the interview.
There were eight categories of possible responses, ranging from
‘rarely or never’ to ‘three or more times per day’. For each food, a
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Table | Basic charactenistics of cases and controls
Cases Controls
(n=167) (n=854)
Age (years)
30-39 19 (11.4%) 99 (11.6%)
40-49 46 (27.5%) 279 (32.7%)
50-59 54 (32.3%) 280 (32.8%)
260 48 (28.7%) 196 (23.0%)
Mean age (s.d.) 527 (10.2) 51.4 (105)
Mouves for consultation
Self-recommendation 47 (28.1%) 286 (33.5%)
Family recommendation 43 (25.8%) 194 (22.7%)
Referral from other clinics 44 (26.4%) 139 (16.3%)
Secondary screening after primary screening 33 (19.8%) 224 (26.2%)
Others 0 (0.0%) 6 (0.7%)
Unknown 0 (0.0%) 5 (0.6%)
Smoking stotus
Never 146 (87.4%) 710 (83.2%)
Ever 9 (5.4%) 51 (60%)
Current 12 (7.2%) 91 (10.7%)
Unknown 0 (0.0%) 1 (0.1%)
Dnnking status
Never L1 (66.5%) 546 (63.9%)
Ever 0 (0.0%) 13 (1.5%)
Current 56 (33.5%) 295 (34.5%)
Exercise
No 54 (32.3%) 291 (34.1%)
< 60 minfweek 33 (19.8%) 192 (22.5%)
< 120 minfweek 27 (16.2%) 126 (14.8%)
> 120 min/week 47 (28.1%) 225 (26.4%)
Unknown 6 (3.6%) 20 (2.3%)
Mean BMI (sd) 229 (3.1) 220 (3.0)
Mean of age at first birth (s.d.) 258 (3.6) 25.7 (3.5)
Mean of age at menarche (s.d.) T 135 (15) 13.4 (L.6)
Panty
Parous 155 (93.4%) 763 (89.7%)
Nulliparous I (6.6%) 88 (10.3%)
Menopausal status
Premenopausal 79 (47.3%) 414 (48.5%)
Postmenopausal 88 (52.7%) 440 (51.5%)
Age at menopause among postmenopaousal
women
<47 24 (27.3%) 105 (23.9%)
48-~52 42 (47.7%) 225 (51.1%)
=53 22 (25.0%) 83 (18.9%)
Unknown 0 (0.0%) 27 (6.1%)
Formiy history®
No 153 (91.6%) 791 (92.6%)
Yes 14 (84%) 63 (74%)

s.d. = standard deviation. *Family history in mother or sisters.

commonly used unit or portion size was specified and the
interviewers asked the subjects using sampling models of full-
scale photographs. We ascertained average amount of daily
consumption of each food and nutrients by multiplying the food
intake (in grams) or serving size and the nutrient content per 100
grams of food as listed in the Standard Tables of Food
Composition, Version 5 and the Follow-up of Standard Tables of
Food Composition (Science and Technology Agency, Japan, 1994,
2001). Isoflavone intakes were separately calculated from USDA-
Iowa State University Database on the Isoflavone Content of

© 2005 Cancer Research UK



Foods, Release 1.3-2002 (http://www.nal.usda.gov/fnic/foodcopm/
Data/isoflav/isoflav.html). Isoflavone intake was calculated using
consumption of six items of soybean products, green soybean,
peanuts, Japanese green tea, and vegetables other than green-
yellow vegetables such as cucumber, eggplant, lettuce, bean
sprouts, onion, Chinese cabbage.

Statistical analysis

Dietary intake data were analysed by individual food items, food
groups and nutrients for all subjects combined and separately for
premenopausal and postmenopausal women. The differences of
means were examined by t-test and all P-values presented are
two-sided.

Logistic regression analysis was used to obtain odds ratios (ORs)
and 95% confidence intervals (95% CI) as estimates of relative risk.
The P-value for trend corresponded to the estimate of the slope
derived from the logistic model in the case that the integers, 1 to n,
were assigned to the ordered n levels of each factors. The
LOGISTIC procedure provided by SAS (SAS Institute, Cary, NC,
USA) was utilised to perform the calculations. To compare
differences and similarities of effects of Japanese diet on risk for
breast cancer, subjects were stratified with reference to menopau-
sal status. The ORs of breast cancer are calculated for the selected
food groups and isoflavone intake in tertiles, with the lowest
tertile as the referents. Multivariate models was adjusted for age,
energy {as a continuous variable), motives for consultation
(self-recommendation, family recommendation, referral from
other clinics, secondary screening after primary screening, others),
smoking status (never, ever, current), drinking status (never,
ever, current), exercise (none, <60 min/week, <120 min/week,
> 120 min/week), family history (yes or no), age at menarche
(<12, 13, > 14), parity (0,1,2, 3 + ), age at first full-term pregnancy
(<23, 24-27, >28), and current body mass index (BMI) (<20,
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20-25, =25). Further, inclusion in the model of age at menopause
(<47, 48-52, >=53) was performed with the calculations for
postmenopausal women. Energy was adjusted for the multivariate
nutrient density method.

A positive family history may involve different types and
numbers of relatives. Distant relatives share less genetic influence
and fewer confounding environmental and/or behavioral factors
than do close ones. Furthermore, information on the medical
history of distant relatives is limited and less precise than that of
close or first-degree relatives. In this study, the presence of either a
mother or sister with breast cancer was considered as a positive
family history. BMI was calculated as weight/height’ (kgm™?),

- according to Quetelet’s formula and current BMI values were

stratified into three categories. Since a BMI > 25 is defined as obese
by the Japanese Society for the Study of Obesity, the cutoff for the
highest BMI group was BMI>25.

RESULTS

Table 2 summarises data for daily intake of some nutrients and
consumption of selected food groups among cases and controls.
There were no significant differences between cases and controls in
intake of energy and fat. The means of meat and meat products
intakes per day was 60.7 g (standard deviation (s.d.), 34.7 g) and
67.0g (s.d., 39.4g), respectively, for cases and controls (P<0.04).
Among premenopausal women, the means of soybean products
were 51.7¢g (s.d., 31.2g) in case group and 63.5g (s.d., 38.8g) in
control group (P<0.01, data not shown). Breast cancer cases
reported lower total isoflavones intake per day than controls, with
averages of 20.8mg (s.d., 10.8mg) and 25.8mg (s.d., 14.3mg),
respectively (P<0.0001, data not shown) among premenopausal
women. We observed no other significant differences among
premenopausal women and there were no significant differences

Table 2 Distribution of selected dietary variables (intake/day) among breast cancer cases and controls

Cases Controls
Percentile Percentile
Nutritional factors and food items Mean 25 50 75 Mean 25 50 75
Nutritronal factors
Energy (kcal) 1831 1568 1791 2038 1859 1593 1835 2093
Total protein (g) 724 59.0 70.1 830 737 60.8 721 837
Total fat (g) 57.5 435 55.0 706 59.1 45.5 57.9 70.4
% of energy (%) 279 250 287 314 284 243 285 323
Carbohydrate (g) 2529 2208 2436 279.7 2547 2175 2458 2897
Total dietary fibre (g) 14.4 1.4 136 167 148 115 142 17.2
Vitamin C (mg) 161.5 1156 152.1 194.4 1649 108.4 1463 1993
Vitamin E (mg) 101 79 9.7 12,1 10.3 8.1 100 12.1
Isoflavones (mg) 248 153 213 303 274 170 242 325
Food items
Meat and meat products (g) 60.7 36.4 557 779 67.0 38.6 61.6 90.0
Fish and fish products (g) 56.5 389 529 68.6 568 36.0 529 714
Green-yellow vegetables (g) 136.5 782 1189 1732 144.6 782 118.0 180.4
Other vegetables (g) 1307 82.5 1157 1543 135.8 88.2 125.4 1721
Fruit (g) 164.5 834 1421 2170 167.1 84.1 1433 2197
Dairy products (g) 200.2 87.1 189.3 2743 199.0 96.8 1889 265.0
Soybean products (g) 634 355 535 824 677 39.5 60.5 843
Tofu (soybean curd) (g) 390 200 290 500 417 230 350 520
Miso (fermented soybean paste) (g) 6.3 20 50 100 7.1 50 8.0 100
Atsuage (deep fried tofu) (g) 74 25 50 100 73 25 50 10.0
Aburage (thinly sliced deep fried tofu) (g) 17 0.6 1.2 30 1.7 0.6 1.2 24
Natto (fermented soybeans) (g) 9.2 40 72 100 103 40 80 16.0
Koyadofu (freeze dried tofu) (g) 1.9 0.0 00 40 20 00 00 40

© 2005 Cancer Research UK
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between cases and controls in average intake of food groups and
nutrients among postmenopausal women.

Among premenopausal women, breast cancer risk was inversely
associated with consumption of soybean products (Table 3). The
ORs was 0.53 (95% CI, 0.27-1.04) for the top tertile of soybean
product intake compared with the lowest tertile of intake (trend
test, P = 0.06). Among postmenopausal women, on the other hand,
consumptions of soybean products, meat and meat products, fish
and fish products, vegetables, fruits, dairy products were not
associated with the risk of breast cancer.

The ORs for breast cancer according to type of soybean product
are presented in Table 4. A statistically significant inverse relation
was observed between tofu consumption- and breast cancer in
premenopausal women. ORs were 0.44 (95% CI, 0.22-0.90), 0.49
(95% CI, 0.25-0.95) for the second to the top tertiles of intake
compared with the lowest tertile of intake of tofu (trend test,
P=0.03). Compared with those in the lowest tertile of atsuage
(deep fried tofu) consumption, the adjusted OR for breast cancer
in top tertile was 0.70 (95% CI, 0.35-1.38) among premenopausal
women. On the other hand, a significantly increased risk of breast
cancer with consumption of atsuage was observed in postmeno-
pausal women. The adjusted OR for top tertile of atsuage
consumption was 2.28 (95% CI, 1.15-4.51, trend test P=10.02).
Also, consumption of aburage (thinly sliced deep fried tofu)

showed a similar positive association with the risk of breast cancer.
There were no associations with intake of tofu, miso and natto
intake among postmenopausal women. With intake of koyadofu
(freeze dried tofu) divided into tertiles, there was no apparent
modification of the breast cancer risk among either pre- or
postmenopausal women.

We next determined the association between total intake of
isoflavone and risk of breast cancer and found a statistically
significant inverse association among premenopausal women.
Compared with women in the lowest tertile of isoflavone
consumption, the top tertile had an adjusted OR of 0.44 (95%
CI, 0.22-0.89; trend test P =0.02). Among postmenopausal women
the similar trend was also observed; however, there was no
statistically significant association between consumption of
isoflavone and breast cancer risk (Table 5).

DISCUSSION

The present study found a statistically inverse association between
risk of breast cancer and soybean products (tofu) or isoflavones
intake in Japanese premenopausal women while there was no
statistically significant link among their postmenopausal counter-
parts.

Table 3 Odds ratios (ORs) and 95% confidence intervals (Cls) for breast cancer according to food group intake by menopausal status

Premenopausal women

Postmenopausal women

OR for tertiles of food group intake (g/1000 kcal)

OR for tertiles of food group intake (g/1000 kcal)

i 2 3 P-value test [ 2 3 P-value test
Meat and meat products
Tertile median 243 384 544 13.7 294 457
Cases/controls 29/138 317137 197139 317146 39/147 18/147
OR? 1.00 1.02 0.54 0.1 1.00 (RN} 0.64 0.24
(95% Cl (054-1.92) (0.26-1.12) (0.62-2.02) (0.32-1.28)
Fish and fish products
Tertile median 14.8 256 385 182 30.6 454
Cases/controls 21/138 29/138 29/138 26/145 37147 25/148
OR?* 1.00 1.53 1.36 046 1.00 1.42 0.77 042
(95% Cl) (0.74-3.18) (0.65-2.88) (0.75-2.66) (0.39-1.52)
Vegetablesb
Tertile median 804 125.3 189.6 98.6 1452 2205
cases/controls 22/138 39/138 18/138 3i/146 30/146 27/148
OR? 1.00 1.45 0.70 0.38 1.00 1.0l 0.85 0.63
(95% Cl) (0.76-2.80) (0.32~1.50) (0.54-1.89) (044-1.63)
Fruit
Tertile median 275 623 1154 46.3 937 1585
Cases/controls 28/139 29/136 22/13% 24/146 32147 32/147
OR? 1.00 1.08 0.65 024 1.00 .21 1.38 0.34
(95% CI) (0.55-2.10) (0.32-1.33) (0.62-2.35) (0.71-269)
Dairy products
Tertile median 340 985 1585 323 103.6 165.5
Cases/controls 30/139 22136 27/139 22/146 317147 35/147
OR? 1.00 091 0.73 0.37 1.00 1.54 1.64 0.15
(95% C) (046—1.79) (0.37-1.45) (0.80-2.96) (0.84-3.20)
Soybean products
Tertile median 17.2 29.7 479 20.1 353 56.5
Cases/controls 36/139 23/137 20/138 31/146 28/147 29/147
OR* 1.00 0.60 0.53 0.06 1.00 0.87 0.70 0.28
(95% Cl) (0.30-1.18) (0.27-1.04) (047-1.61) (0.37-1.33)

Adjusted for age, motives for consuttation, smoking, drinking, exercise, energy. family history. age at menarche, parity, age at first full-term pregnancy, BM! and age at menopause
for postmenopausal women. Pincluded both green-yellow vegetabeles and other vegetables.
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Table 4 Odds ratios (ORs) and 95% confidence intervals (Cls) for breast cancer according to soybean product intake by menopausal status

Premenopausal women

Postmenopausal women

OR for tertiles of soybean product intake

OR for tertiles of soybean product intake

(g/1000 kcal) (g/1000 kcal)
1 2 3 P-value test i 2 3 P-value test
Tofu (soybean curd) ’
Tertile median 89 17.1 313 10.8 19.6 359
Cases/controls 38/137 207139 21/137 26/145 36/148 26/147
OR? 1.00 044 0.49 0.03 1.00 1.34 0.71 0.34
(95% CI) (0.22-090) (0.25-095) (0.73-2.44) (0.36-1.39)
Miso (fermented
soybean paste)
Tertile median 1.4 34 55 15 39 58
Cases/controls 30/137 307137 19/136 37/145 23/147 28/147
OR? 1.00 1.14 0.58 0.15 1.00 0.52 0.64 0.1
(95% CI) (0.59-2.19) (0.28-1.20) (0.27-0.98) (0.34-1.17)
Atsuage (deep fried tofu)
Tertile median 0.0 29 59 00 3 6.4
Cases/controls 29/139 24/137 26/138 < 20/146 33/146 35/148
OR? 1.00 067 0.70 0.31 1.00 1.95 2.28 0.02
(95% Cl) (0.34-1.34) (0.35-1.38) (0.98-3.86) (1.15-451)
Aburage (thinly sliced
deep fried tofu)
Tertile median 0.0 05 1.4 03 0.7 1.9
Cases/controls 23/136 34/136 22/137 22/145 317147 35/147
OR® 1.00 1.67 1.07 097 1.00 1.75 1.62 0.17
(35% Cl (0.82-3.40) (0.51-2.26) (0.89-3.43) (0.83-3.14)
Natto (fermented
soybeans)
Tertile median 1.2 37 8.7 1.3 40 10.8
Cases/controls 29/138 26/137 24/137 30/145 30/145 27/148
OR? 1.00 0.89 0.84 056 1.00 1.00 0.79 0.47
(95% CN) (0.46-1.74) (0.43-1.64) (0.54-1.87) 041-151)
Koyadofu (freeze dned
tofu)
Tertile median 00 1.9 36 00 2.1 4.2
Cases/controls 551297 6/57 18/60 58/284 14/77 16/79
OR* 1.00 068 1.38 0.52 1.00 0.8t 099 0.84
95% Cl) (0.27-1.73) (0.69-2.79) (0.40-1.64) (0.50~-197)

2Adjusted for zge, motives for consuitation, smoking, drinking, exercise, energy, family history. age at menarche, parity. age at first full-term pregnancy, BMI and age at menopause

for postmenopausal women.

Soybean foods are rich in precursors of the isoflavone daidzein
and genistein, which are heterocyclic phenols similar in structure
to oestrogens, and it has been hypothesised that a high dietary
intake of soybean products might reduce breast cancer risk by
interfering with the action of endogenous oestradiol (Messina,
1999). The results are in line with the inverse association between
intake of soybean products and breast cancer risk suggested from
ecological/cross—sectional studies (Adlercreutz, 1995; Adlercreutz
and Mazur, 1997), and also from analytical investigations. Thus,
case—control studies have found that soybean food intake was
associated with a decreased risk of breast cancer among
premenopausal Singapore women (Lee et al, 1991), and both
pre- and postmenopausal Asian-American women (Wu et al,
1996), although a Chinese case - control study failed to detect any
protective effects of soybean food (Yuan et al, 1995). Cohort
studies among Japanese (Hirayama, 1990; Yamamoto et al, 2003),
Japanese-American (Nomura et al, 1978) and Caucasian-American
women (Greenstein et al, 1996) have also provided some evidence
that soybean products may reduce the risk of breast cancer. A
prospective study conducted in Japan, however, found no link
between soya consumption and breast cancer risk, but in this case

© 2005 Cancer Research UK

the subjects were city residents in Hiroshima or Nagasaki exposed
to high doses of ionising radiation and therefore the cohort was
unusual (Key et al, 1999). A recent cohort study based on public
health center in Japan (Yamamoto et al, 2003) found frequent miso
soup and isoflavone consumption to be associated with a reduced
risk of breast cancer and the protective effect was stronger in
postmenopausal women. However, the FFQ applied included only
two items for soybean-ingredient foods (ie. miso soup and
soyfoods), making it impossible to investigate differences in
effects among types of soybean-ingredient foods.

Isoflavone intake by Japanese is much higher than that by
Western populations (Jones et al, 1989; Kimira et al, 1998). Tofu,
miso and natte were main foods containing rich isoflavones.
Attributable rate of genistein were tofu (49.6%), miso (20.9%),
natto (14.7%) among Japanese. In the present study, tofu was
protective in premenopausal women, while atsuage and aburage,
deep fried tofu containing much oil, was associated with elevated
risk among postmenopausal women. This may be due to fat intake,
which can exert an influence on the development of breast cancer
among postmenopausal women. Some studies have suggested that
high intake of soybean products in premenopausal women may
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Table 5 Odds ratios (ORs) and 95% confidence intervals (Cls) for breast cancer according to isoflavone intake by menopausal status

Premenopausal women

OR for tertiles of isoflavone intake (mg/1000 kcal)

Postmenopausal women

OR for tertiles of isoflavone intake (mg/1000 kcal)

I 2 3 P-value test 1 2 3 P-value test
Tertile median 761 11.87 18.47 8.69 13.59 22.26
Cases/controls 36/138 24/139 19/137 33/145 29/144 26/151
OR? 1.00 0.62 0.44 1.00 076 0.58 0.09
(5% C) (0.32-1.20) (022-089) (041 ~1.40) (030~1.10)

*Adjusted for age, motives for consultation, smoking, drinking, exercise, energy, family history, age at menarche, parity, age at first full-term pregnancy, BMI and age at menopause

for postmenopausal women,

reduce serum oestradiol concentrations, suppress the mid-cycle
surge of gonadotropins, and perhaps increase the length of the
menstrual cycle (Cassidy et al, 1994; Lu et al, 1996; Nagata et al,
1997).

There is increasing evidence that dietary factors may play a role
in the production, metabolism, and bioavailability of sex
hormones. Soy-containing diets have long been known to be
typical of some ethnic groups who experience low breast cancer
risk. Soybeans contain a significant amount of the isoflavones
daidzein and genistein, which may exert antioestrogenic effects
and protect epithelial tissue from stimulation by endogenous
oestrogens. There are several possible mechanisms by which soy
isoflavones specifically may modulate the risk of breast carcinoma:
(1) increase of serum levels of sex hormone-binding globulin
(SHBG) (Adlercreutz et al, 1991; Mousavi and Adlercreutz, 1993);
(2) downregulation of enzymes involved in oestrogen biosynthesis,
such as aromatase (Adlercreutz et al, 1993); (3) inhibition of 178-
hydroxysteroid dehydrogenase type I (Makela et al, 1995); (4)
suppression of the gonadotorpins follicule stimulating hormone
(FSH) and luteinising hormone (LH); (5) change in intestinal flora,
which affect reabsorption of E2 and lower circulating oestrogen
levels (Adlercreutz, 1998). Studies examining the effect of a soy
protein diet on the menstrual cycle have demonstrated a
significant increase in follicular phase length and delay in
menstruation, including suppression of midcycle surges of LH
and FSH, which potentially may reduce the risk of breast cancer
(Cassidy et al, 1994; Lu et al, 1996; Nagata et al, 1998; Kumar et al,
2002). Isoflavones have in fact received a great deal of attention
due to their antiproliferative properties and these would support
the protective effect against breast cancer in premenopausal
women observed in the present study. However, clarification of
effects in postmenopausal women is still required. In this
context it is of interest that isoflavones may exert both oestrogenic
and antioestrogenic properties after modification by intestinal
bacteria.

Soybeans are a unique dietary source of a group of phytochem-
icals and several natural anticarcinogens have now been identified
in soybeans, such as protease inhibitors, phytates, phytosterols,
saponins and lignans. Also, soybeans are an excellent source of
dietary fibre and micronutrients, especially calcium. It will be
important in future epidemiological studies to investigate the
association between intake of soybean products and breast cancer
by obtaining a2 more complete assessment of soybean intake.
Further studies are required to confirm the ability of the
nutritional profile of soybeans to reduce the risk of breast cancer.

Potential limitations of the present study should be considered.
One methodological issue is selection of base population for
controls. We applied noncancer patients at ACCH as controls
because it is reasonable to assume our cases arise within this
population base. Main reasons to visit at ACCH among cases and
controls were self/ffamily recommendation, referral from other
clinics, and secondary screening after primary screening. Although
distributions of these reasons slightly differ, it was considered in
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statistical analyses. Notable point of our control population is its
similarity to general population in terms of exposure of interest,
here dietary pattern. We have compared lifestyle characteristics
between outpatients in ACCH and the 1231 individuals randomly
selected from the general population, and confirmed that they are
not substantially different (Inoue et al, 1997). Possible bias due to
medical background of controls is another potential source of bias;
however, our previous report revealed substantially limited impact
of it. More than 66% of noncancer outpatients at ACCH did not
have any specific medical condition. Remaining 34% of them have
specific diseases, but common part of them were benign tumours
and/or non-neoplastic polyps (13.1%), mastitis (7.5%), digestive
disease (4.1%), or benign gynaecological disease (4.1%) (Hamaji-
ma et al, 1995). This situation is very different from that in the US,
where people visit local general clinics first, and are then referred
to hospitals, which function as secondary and/or specific facilities
for further medical treatment. We therefore conclude that it is
feasible to use noncancer outpatients as controls in epidemiolo-
gical studies with due consideration of age, sex, season, and reason
for visit. The present study was free of recall information bias to
the questionnaire because all data were collected prior to
diagnoses. Eligible controls were not matched, because our
previous study showed that the large number of nonselsected
controls gives a steadier estimate than selected, matched controls
(Hamajima et al, 1994).

Another limitation of the present study included the small
number of cases that are more likely to be due to chance leading to
a false-positive result. Conversely, small sample may lack sufficient
power to detect significant differences. The powers for detection of
the OR of 0.5 for higher vs lower level of total isoflavone intake
were 77% among premenopausal women and 81% among
postmenopausal women, respectively (alpha error =0.0500, two-
sided). Much larger studies will be required to confirm the impact
of soybean products and isoflavone intake on breast cancer risk
among Japanese women.

A number of risk factors for breast cancer have been established,
most of them related to reproductive events. Evidence from studies
of migrant populations, however, has also implicated environ-
mental or lifestyle factors as being of importance and the diet is
suspected of playing a role. The present study focused on the
Japanese diet, which features a high level of consumption of
soybean products and was able to demonstrate that high
consumption of soybean products reduces the risk in Japanese
premenopausal women. The findings are biologically plausible and
suggested a potential beneficial effect of soybean products and
isofloavones in the prevention of breast cancer.
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Abstract

The CagA protein is one of the virulence factors of Helicobacter pylori, and two major subtypes of CagA have been observed, the
Western and East Asian type. CagA is injected from the bacteria into gastric epithelial cells, undergoes tyrosine phosphorylation,
and binds to Src homology 2 domain-containing protein-tyrosine phosphatase SHP-2. The East Asian type CagA binds to SHP-2
more strongly than the Western type CagA. Here, we tried to distinguish the CagA type by highly sensitive real-time PCR with the
objective of establishing a system to detect H. pylori and CagA subtypes from gastric biopsies. We designed primers and probe sets
for Western or East Asian-cagA at Western-specific or Bast Asian-specific sequence regions, respectively, and H. pylori 16S TRNA.
We could detect the H. pylori 16S rRNA gene, Western and East Asian-cag4 gene from DNA of gastric biopsies. The sensitivity and
specificity for H. pylori infection was 100% in this system. In Thai patients, 87.8% (36/41) were cagA-positive; 26.8% (11/41) were
Western-cagA positive and 53.7% (22/41) were East Asian-cag4d positive, while 7.3% (3/41) reacted with both types of cagd. These
results suggest that this real-time PCR system provides a highly sensitive assessment of CagA type as a new diagnostic tool for the
pathogenicity of H. pylori infection.
© 2005 Federation of Buropean Microbiological Societies. Published by Elsevier B.V. All rights reserved.

Keywords: Helicobacter pylori; cag4; Real-time PCR

1. Introduction

Helicobacter pylori, a spiral, Gram-negative, micro-
aerophilic bacterium, colonizes at least half of the
world’s human population and is recognized as a major

* Corresponding author. Fax: +81 776 61 8110.
E-mail address: azuma@fmsrsa.fukui-med.ac.jp (T. Azuma).

cause of chronic gastritis, peptic ulcer, and an important
risk factor for gastric cancer [1-3]. On the basis of var-
ious epidemiological studies, H. pylori has been classi-
fied as a class 1 carcinogen in humans by a Working
Group of the World Health Organization International
Agency for Research on Cancer [4].

CagA protein, which is encoded by the cag4 gene, is
a highly immunogenic protein, and is one of the most
studied virulence factors of H. pylori. Recent studies

0928-8244/$22.00 © 2005 Federation of Buropean Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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have indicated that H. pylori strains possessing cagAd
are associated with significantly increased risk for the
development of atrophic gastritis and gastric cancer
[5-9]. The cagA gene is located at one end of a 40-kb
DNA insertion known as the cag pathogenicity island
(cag PAI), and may have originated from a non-Heli-
cobacter source. The cag PAI contains 31 putative
genes, 6 of which are thought to encode components
of a bacterial type IV secretion system, which special-
izes in the transfer of a variety of multimolecular com-
plexes across the bacterial membrane to the
extracellular space or into other cells [10~12]. Recent
studies have provided a molecular basis for the patho-
logical actions of CagA on gastric epithelial cells. After
attachment of cagd-positive H. pylori to gastric epithe-
lial cells, CagA is directly injected from the bacteria
into the cells via the bacterial type IV secretion system
and undergoes tyrosine phosphorylation in the host
cells [13-17]. Tyrosine phosphorylation of CagA occurs
at the unique Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs
present in the C-terminal region [18-20]. Furthermore,
it was recently confirmed that translocated CagA forms
a physical complex with Src homology 2 domain-
containing protein-tyrosine phosphatase (SHP-2) in a
phosphorylation-dependent manner and deregulates
its enzymatic activity [20]. SHP-2 is known to play
an important positive role in mitogenic signal transduc-
tion [21]. In addition, SHP-2 is actively involved in the
regulation of spreading, migration, and adhesion of
cells [22,23]. Deregulation of SHP-2 by CagA may in-
duce abnormal proliferation and movement of gastric
epithelial cells. We have also shown that the CagA—
SHP-2 complex is found in in vivo human gastric mu-
cosa [24], suggesting that protein interaction plays a
role in the pathogenesis of cagd-positive H. pylori
infection.

H. pylori can be divided into distinct populations
with different geographical distributions [12,25]. It has

Table 1

been reported that large sequence differences distinguish
the cagd gene fragments from Asian strains and other
strains [26,27]. The molecular weight of the CagA pro-
tein varies between 128 and 140 kDa. Variation in the
size of the CagA protein is related to the presence of a
variable number of repeat sequences in the 3’ region of
the gene [28-31]. The phosphorylation sites are located
in the repeat region of CagA [18-20]. Recently, it was
also demonstrated that the predominant CagA protein
isolated in East Asia, where gastric cancer is prevalent,
has a distinct sequence at the region that corresponds
to the repeat sequence of Western CagA. After tyrosine
phosphorylation, this East Asian-specific sequence con-
fers stronger SHP-2 binding and transforming activities
than the Western-specific sequence [27]. Since the poten-
tial of CagA to disturb host cell functions as a virulence
factor could be determined by the degree of SHP-2-
binding activity, the diversity of the CagA phosphoryla-
tion site may be an important variable in determining
the clinical outcome of infection by different H. pylori
strains.

Therefore, it may be important to distinguish
between East Asian and Western type CagA to expe-
dite clinical procedures, for example, eradication ther-
apy. In the present study, we developed a highly
sensitive real-time PCR system as a new diagnostic
tool to identify H. pylori and the cagA gene type in
DNA samples from gastric biopsies. Furthermore,
we also examined the distribution of CagA diversity
in Thai patients.

2. Materials and methods
2.1. Establishment of primers and probes

Primers and probes for H. pylori 16S rRNA, caga-
Western, and cagA-East Asian were designed using *“Pri-

Sequences of oligonucleotide primers and sequence-specific probe sequences for H. pylori 16S tRNA, cag4-Western, and cagd4-Fast Asian

Gene and oligonucleotide Sequence

Corresponding DNA sequence

16S rRNA
Forward primer
Reverse primer

cagA-Western
Forward primer
Reverse primer

cagA-East Asian
Forward primer
Reverse primer

cagA-common probe

5'-TGC GAA GTG GAG CCA ATC TT-3/
5'-GGA ACG TAT TCA CCG CAA CA-3/
Probe 5'-(FAM) CCT CTC AGT TCG GAT TGT AGG CTG CAA C (TAMRA)-3/

5'-AGG CAT GAT AAA GTT GAT GAT-3
5'-AAA GGT CCG CCG AGA TCA T-3/

5'-AAA GGA GTG GGC GGT TTC A-3’
5'-CCT GCT TGA TTT GCC TCA TCA-3’

5'-(FAM) TCA GCT AGC CCT GAA CCC ATT TAC GCT AC (TAMRA)-3/

1381-1400*
1499-1480*
1408-1435*

2854-2874°
2945-2927°

2812-2830°
2903 2883°

2893-2921°
2845-2872°

* Nucleotide positions in the 16S TRNA gene of H. pylori 85D08 (GenBank accession no. U00679).
® Nucleotide positions in the cagd gene of H. pylori 26695 (GenBank accession no. AE000569).
© Nucleotide positions in the cagA gene of H. pylori F32 (GenBank accession no. AF202972).
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mer Express ver.1.5” (Applied Biosystems, Foster City,
CA, USA) (Table 1). The alignment of the deduced ami-
no acid sequence in the 3’ region of the cagAd gene
among strains 26695 and F32, which are typical Western
and East Asian-cagd, respectively, is shown in Fig. 1.
We previously reported that NCTC11637 possesses 5
EPIYA motifs that are potential targets of tyrosine
phosphorylation [27]. These EPTYA motifs are involved
in the interaction of CagA with SHP-2. The first and sec-
ond EPIYA motifs (which we designated “EPIYA-A”
and “EPIYA-B”, respectively) are present in almost
all CagA proteins, whereas the remaining 3 EPIYA mo-
tifs (which we designated “EPIYA-C”) were made by
duplication of an EPIYA containing 34-amino acid se-
quence. Because the 34-amino acid sequence has various
numbers, ranging from 1 to 3 in most Western CagA
proteins, we designated it the “Western CagA-specific,
SHP-2-binding sequence” (WSS) [27]. The WSS con-
tains EPIYA-D1, EPIYA-D2, and EPIYA-D3 motifs,
as defined by Covacci et al. [28], or R1 and WSR re-
gions, as defined by Yamaoka et al. [30,31], while
26695 has a single WSS and is thus classified as the
“A_B-C” type, whereas 11637-CagA is classified as
the “A-B—C-C-C” type. On the other hand, the amino
acid sequence of East Asian CagA is quite different from
that of Western CagA. The predominant East Asian
CagA proteins do not have the WSS, but instead, pos-
sess a distinct sequence that we designated “East Asian
CagA-specific, SHP-2-binding sequence” (ESS) in the
corresponding region [27]. ESS contains a JSR region,
which has been previously defined by Yamaoka et al.
[30,31], and also possesses an EPIYA motif, designated
“EPIYA-D”. F32 has a single ESS and is thus classified
as the “A-B-D” type (Fig. 1). Therefore, to distinguish
between Western and East Asian CagA by PCR, we
established primers and probe sets involving the WSS
and ESS regions, respectively.

A

2.2. Subjects

A total of 41 gastric biopsy samples obtained from
the greater curvature of the upper gastric body of H. py-
lori-positive patients were used in this study. All patients
underwent gastroduodenal endoscopy at Chiang Mai
University, Kingdom of Thailand. The patients included
24 with chronic gastritis (13 men and 11 women; mean
age, 52.5 years), 4 with gastric ulcer (4 men; mean age,
66.5 years), 5 with duodenal ulcer (4 men and 1 woman;
mean age, 52.6 years), and 8 with gastric cancer (6 men
and 2 women; mean age, 57.2 years). H. pylori infection
was diagnosed by Hematoxylin—eosin staining, toluidine
blue staining, and H. pylori-specific antibody immune
staining as described previously [32]. Four gastric biopsy
samples obtained from the greater curvature of the
upper gastric body of H. pylori-negative patients were
also used as negative controls in this study. Four con-
trols received eradication therapy more than two years
earlier, and were diagnosed as H. pylori-negative by
histology and urea breath tests at least twice during
follow-up.

DNA was extracted from tissues using a ‘GeneRe-
lease ’ kit (Bioventures Inc., Murfreesboro, TN, USA)
and stored at 4 °C until amplification was performed.
Although these samples contain almost all host DNA,
there are very small concentrations of H. pylori DNA
if these are present.

2.3. Helicobacter pylori culture

In the present study, we used the strains 26695 and
F32 as positive controls and standard samples. H. pylori
isolates were inoculated onto a trypticase soy agar
(TSA)-II/5% sheep blood plate and cultured for two to
three days at 37 °C under microaerobic conditions (5%
0,, 5% CO,, 90% N,). H. pylori was harvested from

B

Western CagA

East Asian CagA

Western CagA

East Asian CagA

Western CagA

East Asian CagA

886 NNNNGLKNSTEPIYAKVNKKKTGQVASPEEPIYTQVAKKVNAKIDRLNQT

kkkkkkkk hhkkhkk hrkkhkhkkkk ddkkdkkkdk kkkkkk *hkk %%k

870 NNNNGLKNNTEPIYAQVNKKKTGQATSPEEPIYAQVAKKVSAKIDQLNEA

/WSS \C\

e
936 ASGLGGVGQAAG;FPLKRHDKVDDLSKVGLSASPEPIYATIDDLGG}.'%— --F

* * * * hkkkkkkkhkhkkkd *

920 TSrAIN'RKIDRINKIASAGKGVGGFSGAGRSAS PEPIYATI DFDEANQA(‘;;;F

\-\\ /
\\
—ESS

983 PLKRHDKVDDLSKV--

k% * * khkhkkxk

970 PLRRSAAVNDLSKV--

Fig. 1. Alignment of the deduced amino acid sequence of the EPIYA regions for Western (strain 26695) and East Asian CagA (strain F32). Each
position of forward and reverse primers is underlined and the probe position is double-underlined.




