JDS/JCA Joint Recommendations on Diabetes and Cancer
for the General Public (Including Patients)

Diabetes (mainly type 2 diabetes) in Japanese is associated
with an increased risk of colorectal, liver, and pancreatic
cancers. There is as yet no consensus as to whether or not
diabetes is associated with an increased risk of other types
of cancer.

Healthy diet, exercise, body weight control, smoking cessa-
tion, and alcohol moderation may help prevent cancer and
are therefore encouraged.

Diet/exercise therapy, smoking cessation, and alcohol mod-
eration may help prevent cancer in patients with diabetes as
well.

Patients with diabetes are encouraged to undergo evidence-
based screening as required, depending on their sex and age
(Table 2). They are also encouraged to visit a hospital to
undergo screening for liver cancer if they are hepatitis
virus-positive.
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* At present, there is no clear consensus as to whether or not
a particular antidiabetic drug is associated with cancer risk.
It is therefore essential that diabetic patients focus attention
on maintaining favorable glycemic control following their
physicians’ instructions.

Disclosure Statement

Masato Kasuga received lecture fees for Mitsubishi Tanabe Pharma Cor-
poration, Takeda Pharmaceutical Company, MSD, Novo Nordisk Pharma
Ltd and research funding from Daiichi Sankyo Inc, Sanofi. Kohjiro Ueki
received lecture fees for Takeda, Boehringer, MSD, Eli Lilly and Com-
pany and Novartis Pharmaceutical Company. He also received research
funding from Takeda, Sanofi, Novartis, MSD, Daiichi Sankyo Inc and
Astellas Pharma Inc. Mitsuhiko Noda received lecture fees for Dainippon
Sumitomo Pharma, Daiichi Sankyo, MSD,Sanofi, Novo Nordisk Pharma
and funding from Daiichi Sankyo, Novartis Pharma. Kohzoh Imai
received research funding from Chugai Pharmaceutical Company and
Daiichi Sankyo Inc. Other authors have no conflict of interest.

2

—

El-Serag HB, Hampel H, Javadi F. The association between diabetes and
hepatocellular carcinoma: a systematic review of epidemiologic evidence.
Clin Gastroenterol Hepatol 2006; 4: 369-80.

22 Barone BB, Yeh HC, Snyder CF ef al. Long-term all-cause mortality in
cancer patients with preexisting diabetes mellitus: a systematic review and
meta-analysis. JAMA 2008; 300: 2754-64.

23 Barone BB, Yeh HC, Snyder CF er al. Postoperative mortality in cancer
patients with preexisting diabetes: systematic review and meta-analysis.
Diabetes Care 2010; 33: 931-9.

24 Yoon JM, Son KY, Eom CS, Durrance D, Park SM. Pre-existing diabetes
mellitus increases the risk of gastric cancer: a meta-analysis. World J Gas-
troenterol 2013; 19: 936-45.

25 Center for Cancer Control and Information Services, National Cancer Cen-
ter, Japan. Cumulative Cancer Incidence/Mortality Risk. [Cited 31 May
2013.] Available from URL: http://ganjoho.jp/data/professional/statistics/
backnumber/2012/fig10.pdf

26 Center for Cancer Control and Information Services, National Cancer
Center, Japan. Monitoring of Cancer Incidence in Japan (MCIJ2007) (in
Japanese). [Cited 31 May 2013.] Available from URL: http://ganjoho.jp/
data/professional/statistics/odjrh3000000hwsa-att/mcij2007_report.pdf

27 Ogawa W, Kasuga M. Mechanism of insulin action and diabetes mellitus.
Seikagaku 2003; 75: 1332-44 (in Japanese).

28 Vivanco I, Sawyers CL. The phosphatidylinositol 3-Kinase AKT pathway
in human cancer. Nat Rev Cancer 2002; 2: 489-501.

29 Novosyadlyy R, Lann DE, Vijayakumar A et ol. Insulin-mediated acceler-
ation of breast cancer development and progression in a nonobese model
of type 2 diabetes. Cancer Res 2010; 70: 741-51.

30 Gogg S, Smith U, Jansson PA. Increased MAPK activation and impaired

insulin signaling in subcutaneous microvascular endothelial cells in type 2

diabetes: the role of endothelin-1. Diabetes 2009; 58: 2238-45.

Renehan AG, Frystyk I, Flyvbjerg A. Obesity and cancer risk: the role of

the insulin-IGF axis. Trends Endocrinol Metab 2006; 17: 328-36.

32 Nakae J, Kido Y, Accili D. Distinct and overlapping functions of insulin
and IGF-1 receptors. Endocr Rev 2001; 22: 818-35.

33 Sung MK, Yeon JY, Park SY, Park JH, Choi MS. Obesity-induced meta-
bolic stresses in breast and colon cancer. Ann N Y Acad Sci 2011; 1229:
61-8.

34 Yager JD, Davidson NE. Estrogen carcinogenesis in breast cancer. N Engl
J Med 2006; 354: 270-82.

35 Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evi-
dence and proposed mechanisms. Nat Rev Cancer 2004; 4: 579-91.

36 Dandona P, Dhindsa S. Update: Hypogonadotropic hypogonadism in type
2 diabetes and obesity. J Clin Endocrinol Metab 2011; 96: 2643-51.

37 Bruning JC, Gautam D, Burks DJ et al. Role of brain insulin receptor
in control of body weight and reproduction. Science 2000; 289:
2122-5.

38 Chang YC, Chuang LM. The role of oxidative stress in the pathogenesis
of type 2 diabetes: from molecular mechanism to clinical implication. Am
J Transl Res 2010; 2: 316-31.

39 Giacco F, Brownlee M. Oxidative stress and diabetic complications. Circ
Res 2010; 107: 1058-70.

40 Akatsuka S, Toyokuni S. Genome-wide assessment of oxidatively gener-

ated DNA damage. Free Radic Res 2012; 46: 523-30.

3

—_

doi: 10.1111/cas.12203
© 2013 The Japanese Cancer Association and the Japan Diabetes Society



41

42

43

45

46

47

48

49

50

5

—

52

53

54

55

56
57
58

59

60

61

62
63
64
65
66

67

68

69

70

7

—

72

Ohsawa S, Sato Y, Enomoto M, Nakamura M, Betsumiya A, Igaki T.
Mitochondrial defect drives non-autonomous tumour progression through
Hippo signalling in Drosophila. Nature 2012; 490: 547-51.

Cairns RA, Harris IS, Mak TW. Regulation of cancer cell metabolism. Nar
Rev Cancer 2011; 11: 85-95.

Villeneuve LM, Natarajan R. The role of epigenetics in the pathology
of diabetic complications. Am J Physiol Renal Physiol 2010; 299: F14-
25.

Pirola L, Balcerczyk A, Okabe J, El-Osta A. Epigenetic phenomena linked
to diabetic complications. Nat Rev Endocrinol 2010; 6: 665-75.

Dawson MA, Kouzarides T. Cancer epigenetics: from mechanism to ther-
apy. Cell 2012; 150: 12-27. '
Meng D, Mei A, Liu J et al. NADPH oxidase 4 mediates insulin-stimu-
lated HIF-lalpha and VEGF expression, and angiogenesis in vitro. PLoS
One 2012; 7: e48393.

de Heredia FP, Gomez-Martinez S, Marcos A. Obesity, inflammation and
the immune system. Proc Nutr Soc 2012; 71: 332-8.

Bondia-Pons I, Ryan L, Martinez JA. Oxidative stress and inflammation
interactions in human obesity. J Physiol Biochem 2012; 68: 701-11.

Back SH, Kaufman RJ. Endoplasmic reticulum stress and type 2 diabetes.
Annu Rev Biochem 2012; 81: 767-93.

Flamment M, Hajduch E, Ferre P, Foufelle F. New insights into ER
stress-induced insulin resistance. Trends Endocrinol Metab 2012; 23: 381~
90.

Garg AD, Kaczmarek A, Krysko O, Vandenabeele P, Krysko DV, Agosti-
nis P. ER stress-induced inflammation: does it aid or impede disease pro-
gression? Trends Mol Med 2012; 18: 589-98.

Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and cancer.
Cell 2010; 140: 883-99.

Evans JL, Goldfine ID, Maddux BA, Grodsky GM. Oxidative stress and
stress-activated signaling pathways: a unifying hypothesis of type 2 dia-
betes. Endocr Rev. 2002; 23: 599-622.

Ben-Neriah Y, Karin M. Inflammation meets cancer, with NF-kappaB as
the matchmaker. Nat Immunol 2011; 12: 715-23.

Yamauchi T, Kadowaki T. Adiponectin receptor as a key player in
healthy longevity and obesity-related diseases. Cell Metab 2013; 17: 185-
96.

Dalamaga M, Diakopoulos KN, Mantzoros CS. The role of adiponectin in
cancer: a review of current evidence. Endocr Rev 2012; 33: 547-94.
Villarreal-Molina MT, Antuna-Puente B. Adiponectin: anti-inflammatory
and cardioprotective effects. Biochimie 2012; 94: 2143-9.

Park J, Scherer PE. Leptin and cancer: from cancer stem cells to metasta-
sis. Endocr Relat Cancer 2011; 18: C25-9.

Onitilo AA, Engel JM, Glurich I, Stankowski RV, Williams GM, Doi SA.
Diabetes and cancer II: role of diabetes medications and influence of
shared risk factors. Cancer Causes Control 2012; 23: 991-1008.

Ministry of Health, Labour and Welfare, Japan (in Japanese). [Cited 31
May 2013.] Available from URL: http://www.mhlw.go.jp/stf/houdou/2r
98520000020gbb-att/2r98520000021c00.pdf

Center for Cancer Control and Information Services, National Cancer Cen-
ter, Japan (in Japanese). [Cited 31 May 2013.] Available from URL:
http://ganjoho.jp/public/statistics/pub/statistics02.html

van Dam RM, Hu FB. Coffee consumption and risk of type 2 diabetes: a
systematic review. JAMA 2005; 294: 97-104.

Yu X, Bao Z, Zou J, Dong J. Coffee consumption and risk of cancers: a
meta-analysis of cohort studies. BMC Cancer 2011; 11: 96.

Japan Diabetes Society. Evidence-based Practice Guideline for the Treat-
ment of Diabetes in Japan 2010. Tokyo: Nankodo, 2010 (in Japanese).
American Diabetes Association. Standards of medical care in diabetes —
2012. Diabetes Care 2012; 35(Suppl 1): S11-63.

Vainio H, Bianchini F. Weight Control and Physical Activity. Lyon: IARC
Press, 2002.

Tsugane S. The Development and Evaluation of Cancer Prevention Strate-
gies in Japan. 2011 research report. The third-term comprehensive control
research for cancer, Ministry of Health, Labour and Welfare. (in Japa-
nese).

Calle EE, Rodriguez C, Walker-Thurmond K, Thun MJ. Overweight, obes-
ity, and mortality from cancer in a prospectively studied cohort of U.S.
adults. N Engl J Med 2003; 348: 1625-38.

Adams TD, Gress RE, Smith SC et al. Long-term mortality after gastric
bypass surgery. N Engl J Med 2007; 357: 753-61.

Inoue M, Sobue T, Tsugane S. Impact of body mass index on the risk of
total cancer incidence and mortality among middle-aged Japanese: data
from a large-scale population-based cohort study—the JPHC study. Cancer
Causes Control 2004; 15: 671-80.

Barclay AW, Petocz P, McMillan-Price J ef al. Glycemic index, glycemic
load, and chronic disease risk—a meta-analysis of observational studies. Am
J Clin Nutr 2008; 87: 627-37.

Kushi LH, Byers T, Doyle C et al. , American Cancer Society N, Physical
Activity Guidelines Advisory C. American Cancer Society Guidelines on

Tajima et al.

63

73

74

75

76

71

78

79

80

81

83

84

85

86

87

88

&9

90

9

—

92

93

94

95

96

97

98

99

Nutrition and Physical Activity for cancer prevention: reducing the risk of
cancer with healthy food choices and physical activity. CA Cancer J Clin
2006; 56: 254-81.

Kastorini CM, Panagiotakos DB. Dietary patterns and prevention of type 2
diabetes: from research to clinical practice; a systematic review. Curr Dia-
betes Rev 2009; 5: 221-7.

Friedenreich CM, Orenstein MR. Physical activity and cancer prevention:
etiologic evidence and biological mechanisms. J Nurr 2002; 11(Suppl):
34565-64S.

Lee IM. Physical activity and cancer prevention—data from epidemiologic
studies. Med Sci Sports Exerc 2003; 35: 1823-7.

Inoue M, Yamamoto S, Kurahashi N, Iwasaki M, Sasazuki S, Tsugane S.
Daily total physical activity level and total cancer risk in men and women:
results from a large-scale population-based cohort study in Japan. Am
J Epidemiol 2008; 168: 391—403.

Jeon CY, Lokken RP, Hu FB, van Dam RM. Physical activity of moderate
intensity and risk of type 2 diabetes: a systematic review. Diabetes Care
2007; 30: 744-52.

Pan XR, Li GW, Hu YH er al. Effects of diet and exercise in preventing
NIDDM in people with impaired glucose tolerance. The Da Qing IGT and
Diabetes Study. Diabetes Care 1997; 20: 537-44.

World Health Organization International Agency for Research on Cancer.
Tobacco Smoke and Involuntary Smoking. Lyon: IARC Press, 2004.

‘World Health Organization International Agency for Research on Cancer.
Smokeless Tobacco and Some Tobacco-Specific N-Nitrosamines. Lyon:
TARC Press, 2007.

Foy CG, Bell RA, Farmer DF, Goff DC Jr, Wagenknecht LE. Smoking
and incidence of diabetes among U.S. adults: findings from the Insulin
Resistance Atherosclerosis Study. Diabetes Care 2005; 28: 2501-7.

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active smoking
and the risk of type 2 diabetes: a systematic review and meta-analysis.
JAMA 2007; 298: 2654-64.

Oba S, Noda M, Waki K et al. Smoking cessation increases short-term
risk of type 2 diabetes irrespective of weight gain: the Japan Public Health
Center-Based Prospective Study. PLoS One 2012; 7: e17061.

Secretan B, Straif K, Baan R et al. , Group WHOIAfROCMW. A review
of human carcinogens—Part E: tobacco, areca nut, alcohol, coal smoke,
and salted fish. Lancet Oncol 2009; 10: 1033-4.

Inoue M, Wakai K, Nagata C et al. Alcohol drinking and total cancer risk:
an evaluation based on a systematic review of epidemiologic evidence
among the Japanese population. Jpn J Clin Oncol 2007; 37: 692-700.
World Health Organization International Agency for Research on Cancer.
Alcohol Consumption and Ethyl Carbamate. Lyon: IARC Press, 2010.
Howard AA, Arnsten JH, Gourevitch MN. Effect of alcohol consumption on
diabetes mellitus: a systematic review. Ann Inter Med 2004; 140: 211-9.
Baliunas DO, Taylor BJ, Irving H et al. Alcohol as a risk factor for type 2
diabetes: a systematic review and meta-analysis. Diabetes Care 2009; 32:
2123-32.

Seike N, Noda M, Kadowaki T. Alcohol consumption and risk of type 2
diabetes mellitus in Japanese: a systematic review. Asia Pac J Clin Nutr
2008; 17: 545-51.

Park EJ, Lee JH, Yu GY er al. Dietary and genetic obesity promote liver
inflammation and tumorigenesis by enhancing IL-6 and TNF expression.
Cell 2010; 140: 197-208.

Braun S, Bitton-Worms K, LeRoith D. The link between the metabolic
syndrome and cancer. Int J Biol Sci 2011; 7: 1003-15.

Itoh M, Suganami T, Nakagawa N er al. Melanocortin 4 receptor-deficient
mice as a novel mouse model of nonalcoholic steatohepatitis. Am J Pathol
2011; 179: 2454-63.

Minamino T, Orimo M, Shimizu I ef al. A crucial role for adipose tissue
P53 in the regulation of insulin resistance. Nat Med 2009; 15: 1082-7.
Gonzalez-Rodriguez A, Mas-Gutierrez JA, Mirasierra M er al. Essential
role of protein tyrosine phosphatase 1B in obesity-induced inflammation
and peripheral insulin resistance during aging. Aging Cell 2012; 11: 284—
96.

Hemkens LG, Grouven U, Bender R ef al. Risk of malignancies in
patients with diabetes treated with human insulin or insulin analogues: a
cohort study. Diabetologia 2009; 52: 1732-44.

Jonasson JM, Ljung R, Talback M, Haglund B, Gudbjornsdottir S, Stei-
neck G. Insulin glargine use and short-term incidence of malignancies-a
population-based follow-up study in Sweden. Diabetologia 2009; 52:
1745-54.

Colhoun HM. Use of insulin glargine and cancer incidence in Scotland: a
study from the Scottish Diabetes Research Network Epidemiology Group.
Diabetologia 2009; 52: 1755-65.

Currie CJ, Poole CD, Gale EA. The influence of glucose-lowering ther-
apies on cancer risk in type 2 diabetes. Diabetologia 2009; 52: 1766
77.

Ruiter R, Visser LE, van Herk-Sukel MP et al. Risk of cancer in patients
on insulin glargine and other insulin analogues in comparison with those

Cancer Sci | July 2013 | vol. 104 | no.7 | 975
© 2013 The Japanese Cancer Association and the Japan Diabetes Society



100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

976

on human insulin: results from a large population-based follow-up study.
Diabetologia 2012; 55: 51-62.

The ORIGIN Trial Investigators. Basal insulin and cardiovascular and
other outcomes in dysglycemia. N Engl J Med 2012; 367: 319-28.

Blin P, Lassalle R, Dureau-Pournin C ef al. Insulin glargine and risk of
cancer: a cohort study in the French National Healthcare Insurance Data-
base. Diabetologia 2012; 55: 644-53.

Fagot JP, Blotiere PO, Ricordeau P, Weill A, Alla F, Allemand H. Does
insulin glargine increase the risk of cancer compared with other basal insu-
lins?: a French nationwide cohort study based on national administrative
databases. Diabetes Care 2013; 36: 294-301.

Yang X, Ko GT, So WY et al. Associations of hyperglycemia and insulin
usage with the risk of cancer in type 2 diabetes: the Hong Kong diabetes
registry. Diabetes 2010; 59: 1254-60.

Tseng CH. Diabetes and risk of bladder cancer: a study using the
National Health Insurance database in Taiwan. Diabetologia 2011; 54:
2009-15.

Yang X, So WY, Ma RC et al. Use of sulphonylurea and cancer in type 2
diabetes-The Hong Kong Diabetes Registry. Diabetes Res Clin Pract
2010; 90: 343-51.

Hsieh MC, Lee TC, Cheng SM, Tu ST, Yen MH, Tseng CH. The infiu-
ence of type 2 diabetes and glucose-lowering therapies on cancer risk in
the taiwanese. Exp Diabetes Res 2012; 2012: 413782.

Monami M, Lamanna C, Balzi D, Marchionni N, Mannucci E. Sulphonylu-
reas and cancer: a case-control study. Acta Diabetol 2009; 46: 279-84.
United States Food and Drug Administration. BYETTA (exenatide) injec-
tion [Amylin Pharmaceuticals, Inc.]. [Cited 31 May 2013.] Available from
URL: http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?setid=751747da-7c
1f-41ad-b1a6-a6d920f70599

United States Food and Drug Administration. VICTOZA (liraglutide (rdna
origin) injection) injection, solution [Novo Nordisk]. [Cited 31 May 2013.]
Available from URL: http://dailymed.nlm.nih.gov/dailymed/lookup.cfm?se
tid=5a%efdea-c76a-4d34-a604-27c5b505f5a4

Pharmaceuticals and Medical Devices Agency, Japan (in Japanese). [Cited
31 May 2013.] Available from URL: http://www.info.pmda.go.jp/go/pack/
2499411G1026_2_01/

Pharmaceuticals and Medical Devices Agency, Japan (in Japanese). [Cited
31 May 2013.] Available from URL: http://www.info.pmda.go.jp/go/pack/
2499410G1021_1_05/

Pharmaceuticals and Medical Devices Agency, Japan (in Japanese). [Cited
31 May 2013.] Available from URL: http://www.info.pmda.go.jp/go/pack/
3969010F1034_2_12/

Elashoff M, Matveyenko AV, Gier B, Elashoff R, Butler PC. Pancreatitis,
pancreatic, and thyroid cancer with glucagon-like peptide-1-based thera-
pies. Gastroenterology 2011; 141: 150-6.

Monami M, Dicembrini I, Martelli D, Mannucci E. Safety of dipeptidyl
peptidase-4 inhibitors: a meta-analysis of randomized clinical trials. Curr
Med Res Opin 2011; 27(Suppl 3): 57-64. )

Dormandy JA, Charbonnel B, Eckland DJ et al. Secondary prevention of
macrovascular events in patients with type 2 diabetes in the PROactive
Study (PROspective pioglitAzone Clinical Trial In macroVascular Events):
a randomised controlled trial. Lancet 2005; 366: 1279-89.

64

12

116

117

118

119

120

12

—_

122

123

124

125

126

127

fee)

129

130

13

—

132

Piccinni C, Motola D, Marchesini G, Poluzzi E. Assessing the association
of pioglitazone use and bladder cancer through drug adverse event report-
ing. Diabetes Care 2011; 34: 1369-71.

Lewis JD, Ferrara A, Peng T et al. Risk of bladder cancer among diabetic
patients treated with pioglitazone: interim report of a longitudinal cohort
study. Diabetes Care 2011; 34: 916-22.

Azoulay L, Yin H, Filion KB et al. The use of pioglitazone and the risk
of bladder cancer in people with type 2 diabetes: nested case-control
study. BMJ 2012; 344: e3645.

Neumann A, Weill A, Ricordeau P, Fagot JP, Alla F, Allemand H. Pioglit-
azone and risk of bladder cancer among diabetic patients in France: a pop-
ulation-based cohort study. Diabetologia 2012; 55: 1953-62.

Tseng CH. Pioglitazone and bladder cancer: a population-based study of
Taiwanese. Diabetes Care 2012; 35: 278-80.

Colmers IN, Bowker SL, Majumdar SR, Johnson JA. Use of thiazolidined-
iones and the risk of bladder cancer among people with type 2 diabetes: a
meta-analysis. CMAJ 2012; 184: E675-83.

Pharmaceuticals and Medical Devices Agency, Japan (in Japanese). [Cited
31 May 2013.] Available from URL: http://www.info.pmda.go.jp/go/pack/
3969007F1024_1_29/

Noto H, Goto A, Tsujimoto T, Noda M. Cancer risk in diabetic patients
treated with metformin: a systematic review and meta-analysis. PLoS One
2012; 7: e33411.

Stevens RJ, Ali R, Bankhead CR et al. Cancer outcomes and all-cause
mortality in adults allocated to metformin: systematic review and collabo-
rative meta-analysis of randomised clinical trials. Diabetologia 2012;
55: 2593-603.

Suissa S, Azoulay L. Metformin and the Risk of Cancer: time-related
biases in observational studies. Diabetes Care 2012; 35: 2665-73.

Viollet B, Guigas B, Sanz Garcia N, Leclerc J, Foretz M, Andreelli F.
Cellular and molecular mechanisms of metformin: an overview. Clin Sci
2012; 122: 253-70.

Dowling RJ, Zakikhani M, Fantus IG, Pollak M, Sonenberg N. Metformin
inhibits mammalian target of rapamycin-dependent translation initiation in
breast cancer cells. Cancer Res 2007; 67: 10804-12.

Kourelis TV, Siegel RD. Metformin and cancer: new applications for an
old drug. Med Oncol 2012; 29: 1314-27.

Bangalore S, Kumar S, Kjeldsen SE er al. Antihypertensive drugs and risk
of cancer: network meta-analyses and trial sequential analyses of 324,168
participants from randomised trials. Lancet Oncol 2011; 12: 65-82.
Cholesterol Treatment Trialists C, Baigent C, Blackwell L, Emberson J,
Holland LE, Reith C, Bhala N, Peto R, Barnes EH, Keech A, Simes J,
Collins R. Efficacy and safety of more intensive lowering of LDL choles-
terol: a meta-analysis of data from 170,000 participants in 26 randomised
trials. Lancet 2010; 376: 1670-81.

Rothwell PM, Price JF, Fowkes FG et al. Short-term effects of daily aspi-
rin on cancer incidence, mortality, and non-vascular death: analysis of the
time course of risks and benefits in 51 randomised controlled trials. Lancet
2012; 379: 1602-12.

Ministry of Health, Labour and Welfare, Japan (in Japanese). [Cited 31
May 2013.] Available from URL: http://www.mhlw.go.jp/bunya/kenkou/dl/
gan_kenshin01.pdf

doi: 10.1111/cas. 12203
© 2013 The Japanese Cancer Association and the Japan Diabetes Society



Preventive Medicine 57 (2013) 685-689

_ Contents lists available at ScienceDirec

Impact of five modifiable lifestyle habits on the probability of cancer
occurrence in a Japanese population-based cohort: Results from the
JPHC study

Hadrien Charvat 3 Shizuka Sasazuki **, Manami Inoue *°, Motoki Iwasaki 2, Norie Sawada 2, Taichi Shimazu 2,
Taiki Yamaji ®, Shoichiro Tsugane ®, for the JPHC Study Group

2 Epidemiology and Prevention Division, Research Center for Cancer Prevention and Screening, National Cancer Center, Tokyo, Japan
b Graduate School of Medicine, The University of Tokyo, Tokyo, Japan

ARTICLE INFO ABSTRACT

Available online 8 September 2013 Objective. The present work aims to provide 10-year estimates of the probability of cancer occurrence in the

Japanese population based on age, sex, and the pattern of adherence to five healthy lifestyle habits.

Keywords: Methods. The study population consisted of 74,935 participants in the Japan Public Health Center-Based Pro-
Car;lcer P spective Study (aged 45 to 74 years) who answered a 5-year follow-up questionnaire about various lifestyle
Igfe‘fer;g;eyfadors habits between 1995 and 1999. The relationship between five previously identified healthy lifestyle habits

(never smoking, moderate or no alcohol consumption, adequate physical activity, moderate salt intake, and ap-
propriate body mass index) and cancer occurrence was assessed using a sex-specific parametric survival model.

Results. Compared to individuals not adhering to any of the five habits, never-smoking men had a nearly 30%
reduction in the 10-year probability of cancer occurrence (e.g., 20.5% vs. 28.7% at age 70), and never-smoking
women had a 16% reduction (e.g., 10.5% vs. 12.5% at age 70). Adherence to all five habits was estimated to reduce
the 10-year probability of cancer occurrence by 1/2 in men and 1/3 in women.

Survival analysis
Translational research

Conclusion. By quantifying the impact of lifestyle habits on the probability of cancer occurrence, this study
emphasizes the importance of lifestyle improvement.

© 2013 Elsevier Inc. All rights reserved.

Introduction

Lifestyle habits such as cigarette smoking and alcohol consumption
play an important role in the development of several cancers as well
as other health conditions such as cardiovascular disease. Because
these habits are modifiable, they constitute particularly attractive tar-
gets for public health policies.

We previously estimated the effect of adherence (or lack thereof) to
five identified healthy lifestyle habits—never smoking, moderate or no
alcohol consumption, moderate salt intake, adequate physical activity,
and appropriate body mass index (BMI) (Inoue et al., 2004a,b, 2005,
2008a; Takachi et al., 2010)—on the risk of the occurrence of cancer in
the Japanese population (Sasazuki et al, 2012). The findings were
expressed as hazard ratios and population attributable fractions, two
indicators that are commonly used to report results from association
studies. Hazard ratios provide insight into the relationship between
exposure to a risk factor and the probability of occurrence of a particular
health outcome. In addition, attributable fractions (Eide and Heuch,
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2001; Walter, 1976) summarize the impact of a causal risk factor in
terms of the proportion of cases of the disease that could theoretically
be prevented in the population by suppressing or reducing exposure
to that risk factor, However, neither indicator conveys how making life-
style improvements would benefit individuals in terms of the impact on
their own health. ‘

The need for better tools for reporting results from basic studies and
for emphasizing their practical implications has recently been stressed
(Suenaga et al., 2012). As part of our translational research, the present
work extends our previous analysis (Sasazuki et al., 2012) of the bene-
ficial effect of five modifiable healthy lifestyle habits by providing esti-
mates of the probability of developing cancer based on the pattern of
adherence to these habits.

Methods

Study population

Details of the study design have been described elsewhere (Tsugane and
Sobue, 2001). Briefly, the participants in the present study were Japanese indi-
viduals included in the Japan Public Health Center (JPHC)-Based Prospective
Study who answered a 5-year follow-up questionnaire about lifestyle habits
during the period from 1995 to 1999 and who were subsequently followed
until 31 December 2006. The institutional review board of the National Cancer
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Table 1
Number of cases of the five most frequent cancers identified for each gender among 74,935
individuals from the Japan Public Health Center-Based Prospective Study (1995).

Men (n = 3213) Women (n = 2046)

Cancer sites Number (%) Cancer sites Number (%)
(ICD-0-3 codes) (ICD-0-3 codes)

Stomach (C16) 698 (21.7%) Colorectal (C18, C19,C20) 401 (19.6%)
Colorectal (C18,C19,C20) 603 (18.8%) Breast (C50) 349 (17.1%)
Lung (C34) 461 (14.3%) Stomach (C16) 287 (14.0%)
Prostate (C61) 385 (12.0%) Lung(C34) 197 (9.6%)
Liver (C22) 206 (64%)  Liver (C22) 90 (4.4%)

Center, Tokyo, Japan, approved the study. Individuals from the Katsushika area
of Tokyo were excluded.

Follow-up and identification of cancer cases

In Japan, residency and death registrations are required by the Basic Resi-
dential Register Law and the Family Registry Law, respectively, and registries
are thought to be exhaustive. Incident cancer cases were identified by active
patient notification from major local hospitals in each study area and from
data linkage with population-based cancer registries. Cancer cases were coded
according to the International Classification of Diseases for Oncology, 31d edition
(World Health Organization, 2000). In our cancer registry system, the propor-
tion of cases for which information was available only through death certificates
was 6.1%.

Dataset

The original population consisted of 133,323 individuals recruited during
the period from 1990 to 1994. For the present study, the starting point was
defined as the date of questionnaire completion or the date of entry plus
5 years for individuals who did not answer the questionnaire. Individuals
with non-Japanese nationality (n = 51), incorrect birth date (n = 7), or dupli-
cate enrolment (n = 4) or who emigrated before the starting point (n = 185)
were excluded. Removal of 12,067 individuals who had died (n = 3430),
moved away from the study area (i = 8245), or been lost to follow-up before
the starting point (n = 392) yielded a population of 121,009 eligible individ-
uals. Among these, 98,456 answered the questionnaire (response rate of
81.4%). Individuals diagnosed with or reported as having cancer (n = 2156),
cardiovascular disease (n = 1188), or ischaemic heart disease (n = 1471) be-
fore the starting point; who had missing data regarding smoking (n = 4702),
alcohol consumption (n = 2439), or physical activity (n = 4490); who had
missing or inadequate data for BMI (n = 2822); or who reported extreme
total energy intake (2.5th and 97.5th percentile for each sex; n = 5820) were
also excluded. Because diabetes mellitus is related to most of the lifestyle habits
identified and may also be related to the occurrence of certain types of cancer,
we excluded individuals with a reported personal history of diabetes
(n = 3613). The final dataset included 74,935 individuals (34,635 men
and 40,300 women) aged 45 to 74 years.

Healthy lifestyle habit definition

The healthy lifestyle habits were defined as follows: individuals were
considered never smokers if they had never smoked; moderate or no alco-
hol consumption was defined as a weekly alcohol consumption of <150 g
(includes non-drinkers); moderate salt intake was defined as consump-
tion of <0.67 g of fish roe per day; adequate physical activity was defined

Table 2

as >37.5 and >31.9 metabolic equivalent hours per day for men and women,
respectively; and appropriate BMI was defined as a BMI within the range
21-27 for men and 19-25 for women. A more detailed description of how
these lifestyle habits were assessed in the questionnaire, as well as the rationale
underlying the specific cut-off points, can be found in Sasazuki et al. (2012).
Table 1 summarizes the sex-specific distribution of the number of lifestyle
habits adhered to.

Statistical analyses

The occurrence of cancer over time was modeled with a sex-specific flexible
parametric survival model (Cluze et al,, 2009; Remontet et al.,, 2007). Person-
years of follow-up for each individual were calculated from the starting point
to the date of cancer diagnosis, date of emigration from the study area, date of
death, or end of follow-up {31 December 2006 ), whichever came first. The log-
arithm of the baseline hazard was modeled as a parametric function of time. Age
at the start of the study was introduced into the model as a continuous variable,
and its effect was assessed by means of different parametric functions. More-
over, the non-proportional effect of age was assessed and, if necessary, modeled
through the inclusion of terms for the interaction between age and the loga-
rithm of the baseline hazard. The five lifestyle habits were included in the
model, and interactions between habits, and between habits and age were test-
ed. Because the consumption of salt-preserved food is highly correlated with
area of residence (individuals in northern Japan tend to have a higher saltintake
than those in southern Japan), we did not adjust the model for geographical
area, as had been done previously (Sasazuki et al.,, 2012). The selection of the
appropriate parametric function (linear, quadratic, or quadratic spline with
one knot) for the baseline hazard and the effect of age, and the inclusion of a
potential non-proportional effect of age, were based on likelihood ratio tests.
Using the obtained model, we estimated the probability of cancer occurrence
at 10 years according to sex, age, and pattern of adherence to the lifestyle habits.
Ninety-five per cent confidence intervals were calculated using the delta
method.

The predictive performance of the model was assessed in terms of discrim-
ination and calibration (Moons et al., 2012). Discrimination was estimated using
the generalization of Harrell's c-index (Harrell et al, 1996; Pencina and
D'Agostino, 2004) to non-proportional hazard models described by Antolini
et al. (2005) using 10 years as the reference follow-up time. Internal validation
was provided by means of bootstrapping. For each dataset (men or women),
500 bootstrap samples were generated, and for each of these, the parameters
of the previously obtained sex-specific model were re-estimated. With these
parameters, the c-index was calculated for the bootstrap sample and estimated
for the original dataset. The optimism was then estimated as the average of the
difference between the two c-index values. Finally, the optimism-corrected c-
index was obtained by subtracting the estimated optimism from the apparent
c-index (i.e., that obtained with the original model on the original dataset)
(Harrell et al., 1996). Calibration was assessed through the analog of the
Hosmer-Lemeshow's chi-square test for survival analysis developed by
D'Agostino and Nam (2004) using 10 years as the endpoint and dividing the
study population into deciles of predicted risk. All analyses were carried out
with R statistical software {ver. 2.15.0, R Development Core Team, 2012).

Results

A total of 3213 cases of cancer occurred in men during 315,
528.4 person-years of follow-up, and 2046 cases occurred in women
during 380,147.1 person-years. Table 1 shows the number of cancer
cases for the five most frequent localizations in men and women that

Distribution of the number of healthy lifestyle habits adhered to according to sex among 74,935 individuals from the Japan Public Health Center-Based Prospective Study (1995).

Number of healthy lifestyle habits Men (n = 34,635)

Women (n = 40,300)

Number (%) Number of cancer cases (proportion in %) Number (%) Number of cancer cases (proportion in %)
0 730 (2.11) 97 (13.29) 25 (0.06) 1(4.00)
1 4671 {13.49) 523 (11.20) 245 (0.61) 16 (6.53)
2 10,859 (31.35) 1068 (9.84) 2452 (6.08) 152 (6.20)
3 11,525 (33.28) 1000 (8.68) 11,503 (28.54) 631 (5.49)
4 5864 (16.93) 450 (7.67) 17,926 (44.48) 883 (4.93)
5 986 (2.85) 75 (7.61) 8149 (20.22) 363 (4.45)
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Table 3

Hazard ratios associated with adherence to the five healthy lifestyle habits, determined by
means of a parametric multivariable survival model with nonlinear and non-proportional
effects of age for men and women.

Lifestyle habit Men Women

HR? 95% CPP HR 95% Cl
Never smoking 0.68 [0.62-0.73] 0.82 [0.69-0.98]
Moderate or no drinking 0.87 {0.81-0.93] 0.94 [0.72-1.24]
Adequate physical activity 0.89 [0.82-0.97] 0.88 [0.81-0.96]
Moderate salt intake 0.90 [0.83-0.98] 0.95 [0.85-1.05]
Appropriate BMI 097 [0.90-1.04] 093 [0.85-1.01]

2 HR: hazard ratio.
b CI: confidence interval.

account for 73.2% and 64.7%, respectively, of all cancer cases diagnosed
in the cohort. Except for prostate and breast cancer, the most frequent
cancers are the same for men and women, albeit in a different order:
stomach, colorectal, lung and liver cancer.

Table 2 shows the distribution of individuals according to the num-
ber of healthy lifestyle habits adhered to, along with the corresponding
number of cancer cases. The stratum-specific prevalence of cancer
tended to decrease with the number of healthy lifestyle habits, particu-
larly in men.

Table 3 presents the effects, measured in terms of hazard ratios, of
the healthy lifestyle habits on the development of cancer after the
time-dependent effect of age was taken into account. The most influen-
tial habits in terms of prevention of cancer occurrence were never
smoking, moderate or no drinking, and adequate physical activity for
men and never smoking and adequate physical activity for women. A
non-significant reduction of risk was associated with appropriate BMI
in men and with moderate or no drinking, moderate salt intake, and
appropriate BMI for women. These results are similar to those described
in Sasazuki et al. (2012).

Tables 4 and 5 show the 10-year probabilities of developing cancer
for men and women, respectively, according to age and adherence to
each of the five lifestyle habits. Moreover, the tables also show the prob-
ability estimates obtained by combining healthy lifestyle habits sequen-
tially from the most to the least effective in terms of risk reduction. Note
that the sequences differed for men and women. Probability estimates
for all possible combinations of the five healthy habits are given in
Appendix B.

Comparison of the data presented in Tables 4 and 5 for individuals
not adhering to any of the healthy lifestyle habits reveals that, except
at the younger ages, the 10-year probability of cancer occurrence in
men was almost twice that in women at the same age (e.g., 16.45% vs.
8.31% at age 60, and 29.48% vs. 15.46% at age 75). Moreover, the 10-
year probability of developing cancer increased more steeply with age
in men between 50 and 70 (5.82% at age 50 vs. 28.68% at age 70) than
in women between the same ages (5.47% at age 50 vs. 12.58% at age 70).

Table 4
Ten-year probability (%) of developing cancer for men according to age and pattern of ad-
herence to healthy lifestyle habits.

Pattern of adherence Age (years)
45 50 55 60 65 70 75

None 3.87 582 962 1645 2373 2868 2948
Never smoking (1) 264 398 662 1146 1675 2045 21.06
Moderate or no drinking (2) 337 507 840 1444 2094 2541 2614
Adequate physical activity (3) 347 522 865 1484 2150 26.07 2681
Moderate salt intake (4) 350 527 873 1499 2170 2631 27.06
Appropriate BMI (5) 374 563 931 1594 2302 2785 2863
(1) + (2) 229 346 577 1002 1471 18.00 1854
M+@2)+3 205 3.10 517 900 1325 1625 16.75
() +(2) +(3) + @) 1.85 280 468 817 1205 1480 1526

M+@+B)+M@)+(5) 179 271 453 790 1166 1433 1478
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Table 5
Ten-year probability (%) of developing cancer for women according to age and pattern of
adherence to healthy lifestyle habits.

Pattern of adherence Age (years)
45 50 55 60 65 70 75

None 445 547 674 831 1023 1258 1546
Never smoking (1) 3.67 452 557 688 848 1046 12.89
Adequate physical activity (2) 393 484 596 735 9.07 1117 1375
Appropriate BMI (3), 412 507 625 771 950 1170 1439
Moderate or nodrinking (4) 421 5.18 638 787 969 1193 1467
Moderate salt intake (5) 421 519 640 7.88 971 1196 14.70
N +@2) 324 399 493 608 751 928 1144
(1) + () + (3). 3.00 370 457 564 697 861 1064
M+@+B)+ @ 284 350 432 534 660 816 10.08

(1) +(2) + (3) + (4) + (5) 269 332 410 506 626 774 957

Although information on the effects of the five healthy lifestyle
habits on the risk of cancer is reflected in the above-mentioned hazard
ratios, these effects can also be described in terms of differences in the
10-year probabilities of developing cancer. Tables 4 and 5 reveal, for ex-
ample, that never smoking was associated with a nearly 30% reduction
of that probability in men (e.g., 20.45% vs. 28.68% at age 70), whereas
the reduction was only 16% in women (e.g., 10.46% vs. 12.58% at age
70). Adherence to all five healthy lifestyle habits nearly halved the 10-
year probability of developing cancer in men (e.g, 7.90% vs. 16.45% at
age 60, and 14.78% vs. 29.48% at age 75), whereas it reduced the corre-
sponding probabilities in women by about 40% (e.g., 5.06% vs. 8.31% at
age 60, and 9.57% vs. 15.46% at age 75).

In terms of predictive performance, the models showed a general-
ized c-index at 10 years of 0.6922 (optimism-corrected value: 0.6917)
for men and 0.5942 (optimism-corrected value: 0.5920) for women.
In terms of calibration, the D'Agostino and Nam chi-square test was
non-significant for both models (y? = 1096, p = 0.278 for men;
¥2 = 11.95, p = 0.216 for women), suggesting good agreement be-
tween observed and predicted probabilities of cancer occurrence by
deciles of predicted risk.

Discussion

The development of chronic diseases such as cancer is seldom the
result of a single cause; instead, a complex combination of genetic sus-
ceptibilities and exposures to various risk factors during the course of a
person's life is thought to be responsible for cell transformation and
tumor development. In particular, risk factors related to lifestyle have
recently come to prominence because they are widespread and amena-
ble to modification (Haveman-Nies et al., 2002; Ma et al., 2010; Sasazuki
et al,, 2012; Tamakoshi et al., 2009; Tanaka et al, 2009). The present
work provides a means of quantifying the protective effects associated
with five previously identified healthy lifestyle habits (Inoue et al,
2004a,b, 2005, 2008a; Takachi et al., 2010) in terms of reducing the
probability of developing cancer over a given period of time.

Primary prevention of chronic diseases relies on long-term modifi-
cations of lifestyle habits; these modifications are effective at the popu-
lation level but offer limited immediate benefit at the individual level.
This is what Rose called the prevention paradox (Rose, 1985) and partly
accounts for the difficulty in motivating individuals to change their life-
styles. Therefore, efforts should be directed toward better ways to com-
municate the results of epidemiological studies to the general public
(Spiegelhalter et al, 2011; Suenaga et al,, 2012). For this purpose, 10-
year probabilities of cancer occurrence allow individuals to gauge the
potential health impacts of their lifestyle choices in a more tangible
way than relative risks do. The use of such probabilities along with
other measures of risk (Timmermans et al, 2008) in the context of
web-based applications may help to reinforce the benefit of preventive
measures (Kim et al., 2004).
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One strength of this work relates to the modeling procedure. The use
of a flexible parametric survival model offers the advantage of providing
estimates of the probability of cancer development at any point in time
without the traditional reliance on Kaplan-Meier estimates (D'Agostino
etal,, 2001). Moreover, it allows the modeling of time-dependent effects
of covariates (Abrahamowicz et al., 1996), which might be especially
useful for modeling the effect of age (Cluze et al., 2009). With the con-
tinuing improvement of computational power, there should be no im-
pediment to the more generalized use of such models (Remontet
etal,, 2007; Royston et al., 1999). Further methodological developments
could be considered, such as using more realistic definitions of expo-
sures, taking cancer site-specific effects of lifestyle habits into account
(Ma et al, 2010), or considering competing risks between different
health outcomes (Tanaka et al.,, 2009).

Note that we considered cancer as a global disease in this study.
Several reasons explain this choice. First of all, cancer is a group of dis-
eases characterized by common biological mechanisms including alter-
ations of DNA and metabolic modifications leading to an uncontrolled
cellular growth (Hanahan and Weinberg, 2011). Lifestyle habits can
affect these mechanisms in various ways: direct mutagenic effects,
modification of the metabolism of other carcinogens, modulation of
the hormonal balance (Calle and Kaaks, 2004; Hecht, 2003; Seitz and
Stickel, 2007; World Cancer Research Fund/American Institute for
Cancer Research, 2007) so that it is legitimate to study the relationship
between lifestyle habits and ‘cancer’ as a whole. This also makes sense
from a public health point of view because people usually perceive can-
cer as a global disease, and focusing on particular localizations might
alter the impact of the prevention message. Finally, the estimation of
cancer site-specific probabilities requires careful adjustments for differ-
ent sets of risk factors (e.g., hepatitis infection for liver cancer and

Helicobacter pylori infection for gastric cancer), which was beyond the

scope of the present study.

Limitations of the study

Though the modeling approach may prove successful in describing
the baseline hazard as well as the effect of age on the probability of can-
cer occurrence, the assessment of the effect of lifestyle habits may suffer
from the way they were defined, which relied on dichotomization.
Altman and Royston (2006) have advocated against dichotomizing con-
tinuous variables on the grounds that it may result in a serious loss of
information, may increase the risk of false-positive results, and may
conceal any non-linear effects of covariates. In addition, the distribution
of exposure to the five identified healthy lifestyle habits in the cohort
population (Sasazuki et al, 2012) showed that more than 90% of
women were never smokers and non- or moderate drinkers according
to our definitions, and this fact may explain the relatively low impact
of these two well-described cancer risk factors on the probability of
cancer occurrence in women and the low c-index value of the model
developed for women. Moreover, Table 1 shows that nearly 50% of the
men adhered to two or fewer healthy habits, whereas more than 90%
of the women adhered to three or more healthy habits. This fact sug-
gests that even if the model developed for women is appropriate, it
may be of limited use because most women already have healthy life-
styles according to the definition of the exposure categories. Even
though the developed model shows satisfactory results in terms of pre-
dictive performance, the absence of external validation may hamper the
generalizability of our findings beyond the study population. Further-
more, we must stress that the estimated differences in probabilities of
cancer development apply to individuals who are considered to have
consistently adhered to a particular lifestyle habit. Although the results
of the present study may provide an incentive to improve one's lifestyle,
they do not guarantee that modifying bad habits will reduce risk to the
extent predicted, because the model fails to account for the cumulative
effect of past exposures.

Because the analysis was limited to the identified lifestyle habits,
we cannot rule out the possibility of confounding by such variables as
socioeconomiic status, which is usually associated with detrimental life-
style habits as well as with an increased risk of cancer occurrence
(Kogevinas et al.,, 1997). As a result, the effect of lifestyle habits in this
study may have been overestimated.

Finally, the presence of biases in the estimation of the effect of the
lifestyle habits cannot be discounted. Lifestyle assessment was based
on self-reporting, which may have resulted in information bias by
misclassification. Validity studies showed an acceptable agreement
between self-reported and dietary record or health check-up measure-
ments for alcohol consumption (correlation coefficients of 0.77 for men
and 0.51 for women; results based on the first cohort) (Sasaki et al,
2003) and BMI (men, 0.89; women, 0.90; results based on the whole
cohort) (Inoue et al., 2004b) and relatively low for salt consumption
(men, 0.47 and 0.50; women, 0.32 and 0.31; results based on the first
and second cohort respectively; unpublished results) and physical ac-
tivity (men, 0.53; women, 0.35) (Inoue et al.,, 2008b); self-reporting of
smoking status was not assessed for validity but is thought to be
quite accurate. Because of the prospective nature of the study,
misclassification is thought to be non-differential, and therefore it
may have resulted in an underestimation of the effects of the lifestyle
habits. In addition, the high response rate and the low proportion of
loss to follow-up (4.4% of the study population) may have limited the
risk of selection bias.

Conclusion

The present work provides insight into the repercussions of adher-
ence to healthy lifestyle habits on the probability of developing cancer.
Our results may be used by general practitioners as well as public health
professionals to encourage individuals to modify potentially harmful
lifestyle habits.
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Abstract

The incidence of gastric cancer throughout the world is ~2-3 times higher in men than in women. Previous research
suggested that isoflavones, which are structurally similar to 178-estradiol, may prevent gastric cancer. Based on a large,
population-based, prospective study, we recently reported a null association between dietary isoflavone intake and gastric
cancer. However, epidemiologic studies using blood concentrations of isoflavones might better reflect the effect of
isoflavones on gastric cancer carcinogenesis than dietary assessment. We therefore conducted a nested case-control study
within the Japan Public Health Center-Based Prospective Study. Participants were followed-up from 1990 to 2004. Among
36,745 participants who answered the baseline questionnaire and provided blood samples, 483 gastric cancer cases matched
0 483 controls were used in the analysis. ORs and 95% Cls were estimated with a conditional logistic regression model. The
overall distribution of plasma isoflavone concentrations was not associated with the development of gastric cancer.
Compared with groups with the lowest plasma concentrations {reference groups), the groups with the highest daidzein and
genistein concentrations had adjusted ORs and 95% Cls of 1.11 (0.74-1.66; P-trend = 0.6) and 0.96 (0.64-1.44; P-trend =
0.9), respectively. The results did not change when analysis was based on sex, subsite, or histological type. We found no
association of plasma isoflavone concentrations with gastric cancer risk. Our data support the previously observed null

association between isoflavone intake and gastric cancer risk. J. Nutr. 143: 1293-1298, 2013.

introduction

The incidence of gastric cancer is ~2~3 times higher in men than in
women (1). This sex difference is consistent across international
populations with different prevalences of environmental risk
factors such as Helicobacter pylori infection and tobacco smoking
and different dietary patterns (2,3). A possible explanation involves
biological differences related to sex hormones such as estrogen (2).

Isoflavones, which are structurally similar to 17B-estradiol,
have a particular affinity for the -estrogen receptor (4) and may
have the potential to prevent gastric cancer. However, we pre-
viously reported no association between dietary isoflavone intake
and gastric cancer risk on the basis of data from a 5-y follow-up
questionnaire given to participants in the population-based Japan
Public Health Center-Based Prospective Study (JPHC Study)® (5).
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Although FFQs can measure usual dietary habits (assuming
that study participants do not change their dietary habits for long
periods of time), such questionnaires are vulnerable to informa-
tion bias such as memory decay, differential recall, and misclas-
sification bias. In addition, the concentration of isoflavones in
blood reflects individual differences in absorption and metabo-
lism, in which intestinal microflora have an important role (6).
Therefore, epidemiologic studies using blood concentrations of
isoflavones might better reflect the effect of isoflavones on gastric
cancer carcinogenesis than dietary assessment. However, only
one small nested case-control study on isoflavone concentrations
in blood samples has been reported (7).

Here, in a nested case-control study within a large, population-
based, prospective study, we investigated the effect of plasma
isoflavone concentrations on subsequent gastric cancer within
a Japanese population that had substantially varied intakes of
isoflavones (8).

Materials and Methods

Study population
The JPHC Study is an ongoing cohort study of cancer, cardiovascular
disease, and other lifestyle-related diseases. The first group (Cohort I) of
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the study was started in 1990 and the second group (Cohort II) in 1993
(9). The study included 140,420 participants (68,722 men and 71,698
women), who were defined as inhabitants in the study areas [27 cities,
towns, and villages served by 11 public health centers (PHCs)] and 40—
59y old (CohortI) or 40-69 y old (Cohort II) at baseline. For the present
analysis, we excluded 2 PHC areas (Tokyo and Osaka), because data on
cancer incidence were not available in Tokyo and the study population
was defined differently in Tokyo and Osaka. We thus defined 123,576
participants (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 1993-1994 for Cohort II, participants were
asked to reply to a lifestyle questionnaire that included sociodemo-
graphic characteristics, medical history, smoking and drinking habits,
and diet. The FFQ included in the baseline questionnaire was previously
described in detail (10). A total of 99,808 (81%) participants, 47,525
men and 52,283 women, responded to the questionnaire.

We excluded participants who self-reported cancer at baseline (7 =
2136), those who were not Japanese (# = 18), and those who were later
discovered to have moved away at baseline (2 = 11). This left 97,644
eligible participants (46,803 men and 50,841 women), among whom
36,745 participants (38%; 13,467 men and 23,278 women) each donated
10-mL blood samples at health checkups conducted by the PHC in each
area. As is customary, participants were asked to avoid consuming a meal
after 17:00 h on the day before the examination. The time of either the last
meal or the last drink of water or tea was recorded. The plasma and buffy
layer were divided into four 1.0-mL tubes (3 tubes for plasma and 1 for the
buffy layer), which were stored at —80°C. Blood was collected from 1990
to 1992 in Cobhort I and from 1993 to 1995 in Cohort IL

Follow-up and identification of gastric cancer

Death and relocation. We observed study participants 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, Labor and
Welfare. Among 36,745 study participants, 4.5% moved outside the
study area, 6.1% died, and 0.3% were lost to follow-up during the study
period.

Cancer registry for the JPHC Study. Data on newly diagnosed cases
of cancer were collected from 2 sources: active patient notification from
the major hospitals in each study area and data linkage with population-
based registries. Death certificate information was used as a supplemen-
tary information source. In our cancer registry system, the proportion of
cases of gastric cancer for which information was available from death
certificates only was 1.04%. This level of information quality was
considered satisfactory for the present study.

Identification of gastric cancer and selection of controls. 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, 3rd edition (ICD-0O-3) codes C160-169] (11). Up until the
end of the study period, 512 new gastric cancer cases were identified.
Until quite recently in Japan, the upper one-third of the stomach was
called the “cardia” on the basis of the guidelines for gastric cancer
classification (12). Because distinguishing the cardia, which is located
mainly in the esophagogastric junction, from the upper one-third of the
stomach seemed difficult, we combined tumors at these sites into one
group for analysis (ICD-O-3 codes C160-161). A tumor located on the
lower side of the stomach was classified as distal gastric cancer (ICD-O-3
codes C162~167). Subsites that were unclassifiable because the lesion
was diffuse (ICD-O-3 code C168) or those with no information (ICD-O-3
code C169) were categorized as an unclassified subsite.

One of the authors (S.S.), in consultation with a pathologist,
reviewed the records from each hospital and assigned histological
classifications (13). Subdivisions were made as follows: differentiated
type, corresponding to intestinal type in Lauren’s classification (14,15),
included papillary adenocarcinoma, tubular adenocarcinoma (well-
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differentiated type), and tubular adenocarcinoma (moderately differen-
tiated type), and undifferentiated type, corresponding to diffuse type in
Lauren’s classification (14,15), included poorly differentiated adenocar-
cinoma, mucinous adenocarcinoma, and signet-ring cell carcinoma.
Adenosquamous carcinoma, squamous cell carcinoma, carcinoid tumor,
undifferentiated carcinoma, and miscellaneous were considered unclas-
sified types. We identified 501 gastric cancer cases that were newly
diagnosed between baseline and the end of the study period among
participants who had returned the baseline questionnaire, reported no
history of gastric cancer, and provided blood samples. For each case, one
control was selected from participants with no history of gastric cancer
who lived in the study area when the case was diagnosed. Each control
was matched to a case for sex, age (=3 y), PHC area, blood collection
date (=2 mo), and fasting time at blood collection (=5 h). The final
analysis included 483 sets consisting of one case and one control (483
cases, 483 controls); 18 pairs were excluded for a technical error in
isoflavone concentration measurement.

Laboratory assay

Plasma concentrations of isoflavones were analyzed by HPLC with a
coulometric array detector in accordance with the modified methods
of Gamache and Acworth (16). Concentrations of daidzein and ge-
nistein were determined by linear regression of the peak height for the
corresponding standards and adjusted according to the recovery rate
of the internal plasma standard. The calculated regression coefficients
for peak height and isoflavone concentration revealed a linearity range
of 0-1.0 pug/mL and the correlation coefficient exceeded 0.996 for both
daidzein and genistein. Voltammetric response for the standard solu-
tion displayed CVs of 10.7 and 8.7% for intraday daidzein and genistein
concentration variations, respectively. Recovery rates of daidzein and
genistein in plasma samples were 84.8 and 82.1%, respectively. Detec-
tion limits were 2.70 ug/L for daidzein and 2.21 ug/L for genistein.
Laboratory personnel were unaware of the case-control status when
performing the analyses.

Statistical analysis

The comparison of baseline characteristics between cases and controls
was evaluated by x* test or 1-way ANOVA. Matched ORs and 95% Cls
were calculated to indicate the relationship between isoflavone concen-
trations and gastric cancer risk. Multiple conditional logistic regression
analyses were conducted to control for potential confounding factors, such
as cigarette smoking, alcohol consumption, intake of salted fish preserves,
salt intake, BML, family history of gastric cancer, and H. pylori infection.
Smoking status was divided into 4 groups: never smoker, past smoker,
current smoker with <20 cigarettes/d, and current smoker with =20

_cigarettes/d). Alcohol consumption was defined as drinker (=1 d/wk) and

nondrinker (<1 d/wk). BMI and the intake frequency of salted fish preserves
were categorized into tertiles. Salt intake was treated as a continuous
variable. Family history of gastric cancer was regarded as positive if at least
one parent or sibling had gastric cancer. H. pylori infection was regarded
as positive if the individual tested positive for antibodies against either
whole H. pylori or cytotoxin-associated gene A (CagA).

Participants with a plasma daidzein concentration below the detection
limit were defined as the reference group and the remaining participants
were divided into tertiles according to the plasma daidzein concentrations
in the controls by sex. Plasma concentrations of genistein were divided into
quartiles according to plasma concentrations in the controls by sex.

Because adjustment for confounding factors did not significantly
alter the results, only adjusted ORs are listed in the tables. The trend was
assessed by assigning ordinal values for categorical variables.

All P values are 2 sided and significance was determined at the P <
0.05 level. We performed all statistical analyses with SAS software (ver.
9.1, SAS Institute).

Results

In baseline characteristics (Table 1), cases had a lower BMI and
more H. pylori infection than controls. Other variables did not
significantly differ between cases and controls.

€102 ‘9 Jequeldag Lo 18INDOY 18 Blo-uoiunu-uf woy pepeojumod



JN THE JOURNAL OF NUTRITION

We calculated the matched ORs and 95% ClIs for developing
gastric cancer in relation to plasma concentrations of isoflavones
for all participants and separately for men and women (Table 2).
We found no significant association between gastric cancer risk
and the plasma concentration of either daidzein or genistein. By
comparing the groups with the lowest plasma daidzein and
genistein concentrations (reference groups) with the groups with
the highest concentrations, we calculated adjusted ORs of 1.11
(95% CI: 0.74, 1.66; P-trend = 0.60) and 0.96 (95% CI: 0.64,
1.44; P-trend = 0.90) for all participants, 1.04 (95% CI: 0.64,
1.70; P-trend = 0.97) and 0.88 (95% CI: 0.54, 1.44; P-trend =
0.70) for men, and 1.00 (95% CI: 0.46, 2.15, P-trend = 0.9)
and 1.09 (95% CI: 0.48, 2.47; P-trend = 0.80) for women,
respectively. These results did not change when we estimated
the ORs after excluding participants diagnosed as having gastric
cancer within 3 y of baseline. In addition, dietary intakes of total
energy, vegetables, fruits, fish, and green tea did not interact with
any of the above results (for all interactions, P > 0.10). There
was 1o significant association between total plasma isoflavones
(sum of daidzein and genistein) concentrations and the risk of
gastric cancer (data not shown).

When the cancers were stratified by histological type, smaller
ORs were observed for undifferentiated cancer than for differ-
entiated cancer, but the association did not reach significance. By
comparing the groups with the highest plasma daidzein and
genistein concentrations with the groups with the lowest concen-
trations (reference groups), we obtained adjusted OR values of
0.68 (95% CI: 0.30, 1.57; P-trend = 0.40) and 0.52 (95% CI:
0.19, 1.40; P-trend = 0.10) for undifferentiated cancer, respec-
tively (Table 3).

When we based the analysis on distal gastric cancer, we
obtained results similar to those for all gastric cancers; compar-
ison between the lowest (reference) groups and the second, third,
and fourth quartiles resulted in adjusted OR values of 1.11 (95%
CL: 0.71, 1.74), 1.12 (95% CI: 0.71, 1.79), and 1.38 (95% CI:
0.85, 2.24) (P-trend = 0.20), respectively, for daidzein and 1.37
(95% CI: 0.86,2.18), 1.40 (95% CI: 0.89,2.22),and 1.21 (95%
CI: 0.74, 1.97) (P-trend = 0.40), respectively, for genistein. There
was no association for cancer in the upper one-third of the
stomach (data not shown). These associations did not differ by
sex (data not shown).

Our present results did not substantially change when we
excluded participants who used exogenous female hormones or
who were premenopausal among women (data not shown).

TABLE 1 Baseline characteristics of participants in a nested
case-control study (JPHC Study)'

Cases Controls
(n=483) (n=483) P-difference®

Age, y 576 =72 57672 —
Women, % 329 329 —
Current smoker, % 358 306 03
Alcohol drinking =1 d/wk, % 511 509 05
BMI, kg/m? 23029 234+28 0.04
Family history of gastric cancer, % 114 8.1 0.08
Salt intake, g/d 52+26 51%x23 0.4
Salted fish preserves intake =1 d/wk, % 315 321 08

H. pylori infection,® % 98.8 89.7 <0.0001

" Values are means = SDs or %. CagA, cytotoxin-associated gene A; JPHC Study,
Japan Public Health Center-Based Prospective Study.

2 2 test or 1-way ANOVA.

3 Including H. pylori IgG positive or CagA positive.
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TABLE 2 Plasma isoflavone concentrations of cases and
controls and the associations between plasma isoflavone
concentrations and gastric cancer risk in the JPHC Study’

Median plasma
concentration

Cases Contrals Adjusted OR
Isoflavone Cases  Controls (n=483) (n=483) {95% CI)
g/l
Total
Daidzein
Lowest 0 0 158 166 1.00 (Reference)
Second 79 8.7 107 105 1.02 (0.71-1.48)
Third 26.1 274 110 105 1.04 (0.69-1.56)
Highest 704 68.4 108 107 1.11 (0.74-1.66)
P-trend 06
Genistein
Lowest 288 305 104 121 1.00 (Reference)
Second 103.8 100.8 136 21 1.20 (0.82-1.77)
Third 2193 211.0 135 120 1.19 (0.81-1.76)
Highest  466.1 460.2 108 121 0.96 (0.64-1.44)
Prend 049
Men
Daidzein
Lowest 0 0 100 110 1.00 (Reference)
Second 8.2 9.3 82 n 1.12(0.71-1.77)
Third 27.7 282 72 7 0.97 (0.58-1.62)
Highest 742 713 70 72 1.04 (0.64-1.70)
P-trend 0.97
Genistein
Lowest 372 30.5 73 81 1.00 {Reference)
Second 1136 103.8 83 81 1.14(0.72-1.81}
Third 231.1 2232 91 81 1.18 (0.73-1.91)
Highest ~ 483.7 468.0 7 81 0.88 (0.54-1.44)
P-trend 0.7
Women
Daidzein
Lowest 0 0 58 56 1.00 {Reference)
Second 72 75 25 34 0.69 (0.34-1.43)
Third 25.0 259 38 34 1.08 (0.52-2.28)
Highest 66.1 59.7 38 35 1.00 (0.46-2.15)
Ptrend 09
Genistein
Lowest 18.8 285 31 40 . 1.00 (Reference)
Second 774 84.7 47 40 1.21 (0.54-2.69)
Third 200.7 191.9 44 39 1.32 (0.61-2.85)
Highest 4044 396.1 37 40 1.08 (0.48-2.47)
Ptrend 0.8

" Conditional logistic regression model was used. Matched for sex, age, study area,
date of blood collection, and fasting time at blood collection. Further adjusted for
cigarette smoking, alcohol consumption, intake of salted fish preserves, salt intake,
BMI, family history of gastric cancer, and H. pyloriinfection. JPHC Study, Japan Public
Health Center-Based Prospective Study.

Furthermore, the results did not change when we restricted
cases and controls to participants with an H. pylori infection
(data not shown).

Discussion

In this nested case-control study within a large prospective study
of the Japanese population, we found that plasma concentra-
tions of daidzein and genistein were not significantly associated
with the risk of gastric cancer in either men or women. The

Plasma isoflavones and gastric cancer risk 1295

€102 ‘9 Jequadas U0 1 SINDON ¥ Biouopunu ul wos pspeojumoq



JN THE JOURNAL OF NUTRITION

TABLE 3 Matched ORs of gastric cancer by histological
type according to plasma concentrations of isoflavones in
the JPHC Study’

Cases Controls Adjusted
Isofiavone (n = 483) (n = 483) OR (95% CI)
Differentiated type
Daidzein
Lowest 88 97 1.00 (Reference)
Second 64 64 0.98 (0.60-1.58)
Third 67 66 0.97 (0.57-1.64)
Highest 65 57 1.41 (0.82-2.44)
P-trend 03
Genistein
Lowest 64 79 1.00 (Reference)
Second 68 64 1.18 (0.70-1.98)
Third 80 66 1.33 {0.80-2.21)
Highest 72 75 1.10 (0.66-1.84)
P-trend 06
Undifferentiated type
Daidzein
Lowest 50 47 1.00 {Reference)
Second 28 33 0.70 (0.32-153)
Third 34 33 0.65 (0.27~1.55)
Highest 34 34 0.68 (0.30-1.57)
P-trend 0.4
Genistein
Lowest 28 28 1.00 (Reference)
Second 49 37 1.17 (0.53-2.57)
Third 43 49 051 (0.22-1.21)
Highest 27 33 0.52 {0.19-1.40)
P-trend 0.1

" Conditional logistic regression model was used. Matched for sex, age, study area,
date of blood collection, and fasting time at blood collection. Further adjusted for
cigarette smoking, alcohol consumption, intake of salted fish preserves, salt intake,
BMI, family history of gastric cancer, and H. pyloriinfection. JPHC Study, Japan Public
Health Center-Based Prospective Study.

results did not substantially change when we analyzed for gastric
cancer by subsite or histological type.

We previously reported an association between plasma iso-
flavone concentrations and breast, prostate, and lung cancer
risks from nested case-control studies within the JPHC Study
(17-19), and for each cancer, we found results similar to those
from studies using an FFQ (8,20,21). We previously observed
that isoflavone intake was not associated with gastric cancer risk
(5). As for other cancers, our observations in the present study
are in line with those of our previous investigation, which was
based on a cohort design in the same JPHC Study (35).

To our knowledge, only one nested case-control study (131
cases, 393 matched controls) has reported an inverse association
between blood concentrations of isoflavones and gastric cancer
risk (7). However, these results were based on a small series and
the data were not analyzed by anatomic or histological site. In
our relatively large population study, there was no association
between plasma isoflavone concentrations and gastric cancer.
We also found no significant association when the data were
analyzed by anatomic location or histological subtype, although
our sample size might have limited our ability to detect any small
effects in stratified analysis. Further studies of a larger popula-
tion are needed to confirm these findings.

The incidence of gastric cancer shows a male predominance
(1). Although the mechanisms mediating this difference are
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unclear, a role for estrogens has been proposed (2). Estrogen
receptor signaling pathways regulate important physiologic
processes, such as cell growth and differentiation (22,23), and
estrogen receptors have been reported in human and rodent
gastric mucosa (24-26). However, the presence of estrogen
receptors in normal stomach and gastric cancer tissues and their
clinical importance, including the prognostic effect, have not been
clearly demonstrated. In the present study, our results suggest
that isoflavone concentrations have no substantial influence
on gastric cancer development. On this basis, we do not think
that the sex discrepancy in gastric cancer incidence can be ex-
plained by isoflavones, which have structures similar to that of
17B-estradiol. Another possible explanation for the null associ-
ation between plasma isoflavone concentrations and gastric
cancer risk in the present study is that the influence of established
causes of gastric cancer, such as cigarette smoking (27), remained
even after adjustment.

Several limitations of the study warrant mention. First,
plasma isoflavone concentrations were measured only once
for each individual. Although the consumption of soy foods is
a personal dietary preference, the intake levels of most individ-
uals are assumed to be relatively stable over time in Japan, as
suggested by our validation study, in which we showed that
repeated measurements of genistein intake by means of a FFQ
were highly reproducible (correlation coefficient = 0.72 fora 1-y
interval and 0.61 for a 5-y interval) (28,29). By comparison,
plasma isoflavone concentrations may reflect short-term rather
than long-term intake; isoflavones have short half-lives in blood
(e.g., 7.7-9.5 h) (30) and plasma isoflavone concentrations are
particularly affected by time elapsed since the last meal. To
minimize the attenuation of risk estimates due to short-term
intake, fasting time was matched in cases and controls. In addition,
our study participants were restricted to those who participated
in the baseline health checkup survey. We previously reported
that health checkup participants had different background
characteristics from nonparticipants and favorable lifestyle pro-
files (31). Thus, the associations between plasma isoflavone con-
centrations and gastric cancer risk could differ from those of the
entire cohort and any generalization of our results should be
done with caution.

The strengths of this study include its relatively large sample
size and almost complete follow-up, because the quality of our
cancer registry system during the study period was satisfactory.
In addition, cases and controls were selected from the same
cohort and the loss to follow-up was negligible, thereby avoiding
selection bias. Moreover, the prospective study design and the
estimation of ORs after exclusion of participants diagnosed as
having gastric cancer within 3 y of baseline ensured that blood
samples were collected before gastric cancer diagnosis, reducing
the probability of reverse causality. Furthermore, we directly
measured plasma isoflavone concentrations, which reflect ab-
sorption and metabolism.

In conclusion, we found no suggestion of an association
of plasma isoflavone concentrations with the risk of gastric
cancer.
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The impact of alcohol on the risk of stomach cancer is controver-
sial. Although aldehyde dehydrogenase 2 (ALDH2) GluS04Lys
(rs671) polymorphism has a strong effect on acetaldehyde
metabolism, little is known about its impact on stomach cancer
risk when combined with alcohol drinking. This case-control
study included a total of 697 incident stomach cancer case sub-
jects and 1372 non-cancer control subjects who visited Aichi
Cancer Center between 2001 and 2005. We estimated odds ratios
(OR) and 95% confidence intervals (CI) for ALDH2 genotypes
and alcohol consumption using logistic regression models after
adjustment for potential confounders, including Helicobacter
pylori infection. The ALDH2 504Lys allele was associated with
the risk of stomach cancer, with adjusted ORs of 1.40 (95% CI,
1.11-1.76) for Glu/Lys and 1.73 (1.12-2.68) for Lys/Lys com-
pared with Glu/Glu. Heavy drinking was associated with risk
(OR 1.72, 1.17-2.52) after adjustment for ALDH?2 genotype and
other confounders. Moreover, ORs for heavy drinking were 1.28
(0.77-2.12) for those with ALDH2 Glu/Glu and 3.93 (1.99-5.79)
for those with the ALDH?2 Lys allele relative to non-drinkers with
the Glu/Glu genotype (P for interaction = 0.0054). In conclusion,
ALDH? and alcohol drinking showed interaction for risk factors
of stomach cancer, indicating that acetaldehyde plays a role in
stomach carcinogenesis.

Introduction

Alcohol consumption is an established risk factor for cancers of the
upper aero-digestive tract (UADT) (1-3), majority of them are squa-
mous cell carcinoma. One major hypothesized mechanism behind
alcohol-related carcinogenesis in the UADT is the involvement of
acetaldehyde, a metabolite of ethanol. Aldehyde dehydrogenase 2
(ALDH2) is a key enzyme in acetaldehyde metabolism, and molecu-
lar epidemiologic studies in East Asia (4-11), where the functional
ALDH2 Glu504Lys (rs671) polymorphism is prevalent, have con-
tributed to the conclusion that acetaldehyde has a substantial impact
on carcinogenesis in humans as a result of its strong interaction with
alcohol drinking (3).

To date, the association between alcohol consumption and gastric
cancer, of which majority are adenocarcinoma, has been controversial.

Abbreviations: AG, atrophic gastritis; ALDH2, aldehyde dehydrogenase 2;
OR, odds ratios; CI, confidence intervals; PG, pepsinogen; PY, pack years;
UADT, upper aero-digestive tract.

A recent meta-analysis showed no appreciable association of moder-
ate alcohol drinking with stomach cancer, but it did find a suggestive
association between heavy drinking and non-cardia adenocarcinoma
(12). Although it has been hypothesized that acetaldehyde contrib-
utes to gastric carcinogenesis, as it does for UADT cancer (13,14},
evidence for this association to date has been limited (15-18). Taken
evidences of no association between esophageal adenocarcinoma risk
and alcohol in mind (19,20), there may not be neither association nor
interaction. Anyhow, it is worth to be evaluated in the population in
which functionally validated ALDH2 polymorphism is prevalent.

In this study, we investigated the association between ALDH?2
Glu504Lys (rs671) polymorphism and alcohol consumption and risk
of stomach cancer in Japanese population.

Materials and methods

Study population

The case participants were 697 patients with no history of cancer who were
histologically diagnosed with stomach cancer between January 2001 and
December 2005 at Aichi Cancer Center Hospital in Japan. All participants
were recruited under written informed consent within the framework of the
Hospital-based Epidemiologic Research Program at Aichi Cancer Center (21—
23), and all provided blood samples. Among the 697 subjects, 684 (98.1%)
were histologically confirmed as adenocarcinoma. Among 684 cases, 379 were
diffuse type and 305 were intestinal type.

The control subjects were 1372 first-visit outpatients during the same period
who were confirmed to have no cancer and no history of neoplasms. Non-cancer
status was confirmed by medical examinations, including radiographic exami-
nations, with participants suspected of having stomach cancer first examined
by physical or endoscopic inspection, and subsequently radiographically when
indicated. Controls were selected randomly and were individually matched by
age (+5 years) and sex (male and female) with a case-control ratio of 1:1-2.
A total of 2069 participants (697 cases and 1372 controls) were included in this
study. Response rate was over 95% for both case and control subjects. The study
was approved by the institutional ethical committee of Aichi Cancer Center.

Information on alcohol consumption

Information on alcohol consumption was collected from first-visit outpatients
aged 20-79 years using a self-administered questionnaire. Each participant
was asked at the time of first visit to our hospital about their alcohol con-
sumption before the development of the current symptoms, which made them
visit our hospital. For the present analyses, lifetime alcohol consumption of
various common beverages (Japanese sake, beer, shochu, whiskey and wine)
was determined in terms of the average number of drinks per day, which was
then converted into a Japanese sake (rice wine) equivalent measure of 180ml;
termed a go, this is standard measure in Japan and contains 23 g of ethanol.
Drinking status was classified into the four categories of never drinker, light
drinker (fewer than 5 days per week, fewer than 2 go per day), moderate
drinker (5 or more days per week, fewer than 2 go per day) and heavy drinker
(5 or more days per week, 2 or more go per day).

Evaluation of other lifestyle factors

Information on smoking status was obtained in the three categories of non-
smoker, former smoker and current smoker, with former smokers defined as
those who had quit smoking at least 1 year before study enrolment. Cumulative
exposure to smoking was categorized into five groups by pack years (PY),
the product of the number of packs of cigarettes smoked per day and the
number of years of smoking, namely as never, PY < 20, PY < 40, PY < 60
and PY 60 or more. Consumption of fruits and vegetables was determined
using a food frequency questionnaire, which included 43 single food items
in eight frequency categories (24). The food frequency questionnaire was
validated using a 3 day weighed dietary record as standard, which showed
that reproducibility and validity were satisfactory (25,26). Participants were
divided into three groups based on the distribution of fruit and vegetable
consumption among controls (tertiles).

Assessment of Helicobacter pylori infection and atrophic gastritis

All cases were examined for plasma IgG levels for Helicobacter pylori(H.pylori)
using a commercially available direct enzyme-linked immunosorbent assay
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kit (‘E Plate “Eiken” H.pylori Antibody’; Eiken Kagaku, Tokyo, Japan). This
enzyme-linked immunosorbent assay kit was developed in Japan using an anti-
gen extracted from the domestic strain in Japan and is commonly used in medi-
cal studies in this country (27,28). A positive status for H.pylori infection was
defined as an H.pylori 1gG antibody level >10U/ml in serum (27,28). Serum
pepsinogens (PGs) were measured by chemiluminescence enzyme immunoas-
say, and gastric mucosal atrophy was defined by a PG I value <70ng/ml and
PG I/PG II < 3ng/ml (29-31).

Examination of ALDH2 GIu504Lys (rs671) polymorphism

DNA of each subject was extracted from the buffy coat fraction using a DNA
blood mini kit (Qiagen). Genotyping for the ALDH2 Glu504Lys polymor-
phism (rs671) was based on TagMan Assays by Applied Biosystems (Foster
City, CA). In our laboratory, the quality of genotyping is routinely assessed
statistically using the Hardy—Weinberg test and by retyping of a random sam-
pling of 5% of subjects.

Data analyses

To assess the association between ALDH2 polymorphism and alcohol con-
sumption in the risk of stomach cancer, we estimated the odds ratios (OR) and
corresponding 95% confidence intervals (CI) using multiple logistic regres-
sion models. First, we evaluated the impact of ALDH2 polymorphism and
alcohol drinking separately using all subjects. For this analysis, conditional
logistic regression models included terms for cumulative exposure to smok-
ing, fruit/vegetable intake and H.pylori infection. We examined a model that
separately evaluated ALDH2 genotype and alcohol drinking and a second
model that included both. Further, we evaluated possible effect modification
by ALDH2 polymorphism on the impact of alcohol consumption; for this
analysis, we used unconditional logistic regression models adjusted for the
same covariates as for the overall analysis. Effect modification was assessed
by the likelihood ratio test between the models with and without interaction
terms between the ALDH2 polymorphism and alcohol consumption. We
defined interaction term as a product of ALDH2 polymorphism (Lys allele
carrier = 1 and wild-type homozygote = 0) and alcohol consumption as a con-
tinuous variable (never = 0, low = 1, moderate = 2 and heavy = 3); therefore,
degree of freedom in the tests was 1. Consistency of the interaction between
ALDH? polymorphism and alcohol consumption was assessed by stratified
analysis according to the strata of the particular covariate considered with
the model including three-way interaction term among ALDH2 polymor-
phism, alcohol consumption and stratifying factor. Association between the
combination of ALDH2 polymorphism and alcohol consumption and atrophic
gastritis (AG) was evaluated in a multivariate unconditional logistic model
among control subjects. Covariates considered in the model were the same as
that for stomach cancer risk, except with regard to the status of AG. Missing
values for covariates were treated as dummy variables in the models. All
analyses were performed using Stata SE version 11.2 (STATA Corp, College
Station, TX).

Results

Demographic characteristics and selected lifestyle habits of partici-
pants are shown in Table 1. Age and sex were appropriately matched.
The proportion of smokers was higher in cases than in controls. Cases
were exposed to a higher smoking dose than controls. Prevalence of
H.pylori infection was 82.2% in cases and 54.2% in controls. Fruit/
vegetable intake between the two groups showed no apparent marked
difference (27,28).

Table II presents the association between alcohol drinking and
ALDH2 15671 polymorphism and stomach cancer. We explored three
models: model 1, a crude model; model 2, a confounder-adjusted
model that evaluated alcohol drinking and ALDH2 rs671 polymor-
phism separately and model 3, a complete model that included alco-
hol drinking and ALDH?2 polymorphism together. In model 3, ORs
for drinking relative to non-drinking were 1.04 (0.77-1.40) for light,
1.15 (0.82-1.61) for moderate and 1.72 (1.17-2.52) for heavy drink-
ing, indicating a dose-dependent positive association. This association
remained significant after the exclusion of former drinkers from anal-
ysis (data not shown). The association between ALDH2 rs671 poly-
morphism was significant in model 3, with ORs relative to Glu/Glu,
the normal enzyme activity genotype, of 1.40 (1.11-1.76) for Glu/
Lys, 1.73 (1.12-2.68) for Lys/Lys and 1.42 (1.13-1.79) for the Lys
allele carrier after adjustment for alcohol drinking. Although smoking
and H.pylori status are potential sources of confounding for the effect
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Table I. Subject characteristics

Overall Cases Controls
No. 697 % No. 1372 %

Sex

Male 521 74.7 1028 74.9

Female 176 25.3 344 25.1
Age (years)

<40 34 4.9 146 10.6

40-49 72 10.3 154 11.2

50-59 245 352 429 31.3

60-69 210 30.1 435 31.7

>70 136 19.5 208 15.2
Smoking status

Never 222 31.9 538 39.2

Former 181 26 403 294

Current 294 422 430 31.3

Unknown 0 0 1 0.1
PY

Never 222 31.9 539 39.3

<20 99 14.2 286 20.9

<40 160 23.0 272 19.8

<60 117 16.8 153 11.2

60 or more 92 13.2 113 8.2

Unknown 7 1.0 9 0.7
Alcohol consumption

Never 228 32.7 452 32.9

Light 167 24.0 412 30.0

Moderate 159 22.8 316 23.0

Heavy 132 18.9 177 12.9

Unknown 11 1.6 15 1.1
Fruit/vegetable intake

Lowest tertile 263 37.7 446 325

(<114.0g/day)

Middle tertile 208 29.8 445 324

(<199.96 g/day)

Highest tertile 209 30 445 324

(2199.96 g/day)

Unknown 17 24 36 2.6
Family history of gastric cancer

Yes 153 22 239 17.4

No 544 78 1133 82.6
H.pylori IgG test

Positive 124 17.8 628 45.8

Negative 573 82.2 744 54.2
AG defined by PG testing

Negative 262 37.6 893 128.1

Positive 434 62.3 479 68.7

Unknown 1 0.1 0 0
Histologic classification

Diffuse 379 54.4 —

Intestinal 305 438 —

Unknown 13 1.9 e

of alcohol drinking, we did not observe clear evidence of confounding
between these factors and ALDH2 rs671 polymorphism.

Table III shows results for the interaction of ALDH2 rs671
polymorphism with alcohol consumption on the risk of stomach
cancer. Among ALDH2 Glu/Glu, there was no statistically
significant association. In contrast, heavy drinking among ALDH2
Lys allele carriers showed a statistically significant association,
with ORs among ALDH2 Lys+ subjects of 0.79 (0.55-1.11) for
light, 1.18 (0.80~-1.75) for moderate and 2.37 (1.37-4.12) for heavy
drinking relative to non-drinking with ALDHZ2 Glu/Glu. A significant
interaction between drinking and ALDHZ2 Lys allele was seen
(P-interaction = 0.0054). We further evaluated the consistency of the
gene—-environment interaction between the ALDH2 Lys allele and
alcohol drinking across strata of confounders. As shown in Table IV,
interaction between the two factors was consistently observed, with
some exception like fruit and vegetable consumption and H.pylori
status.
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Table II. Association between ALDH2 genotype and drinking and stomach cancer risk

Case Control Model 1° Model 2° Model 3¢
OR (95% CI)® OR (95% CI)® OR (95% CI)®
Level of drinking
Non-drinker 228 452 Reference Reference Reference
Ever drinker
Light 167 412 0.81 (0.63-1.04) 0.89 (0.67-1.17) 1.04 (0.77~1.40)
Moderate 159 316 1.03 (0.79-1.34) 0.92 (0.68-1.24) 1.15(0.82-1.61)
Heavy 132 177 1.52 (1.14-2.04) 1.29 (0.92-1.80) 1.72 (1.17-2.52)
Unknown subjects 11 15
ALDH?2 genotype?
Glw/Glu 310 683 Reference Reference Reference
Lys+ 386 689 1.24 (1.03-1.49) 1.27 (1.04-1.56) 1.42 (1.13~1.79)
Glu/Lys 323 580 1.23 (1.02-1.49) 1.25 (1.01-1.54) 1.40 (1.11-1.76)
Lys/Lys 63 109 1.27 (0.91-1.78) 1.42 (0.98-2.08) 1.73 (1.12-2.68)

?Crude ORs by the conditional logistic regression model.

YORs were calculated by a conditional logistic regression model adjusted for PY of smoking, fruit/vegetable intake, family history of gastric cancer, gastric

atrophy defined by serological PG testing and H.pylori status.

“ORs were calculated by unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer,
gastric atrophy defined by serological PG testing, H.pylori status, levels of drinking and ALDH2 genotypes.

9One case was excluded because ALDH?2 genotype was not defined.

Table III. Association between ALDH2 genotype and drinking and stomach cancer risk*

Level of drinking ALDH?2 Glw/Glu ALDH?2 Lys+ P-interaction
Case Control OR (95% CI)® Case Control OR (95% CI)®
Non-drinker 49 112 Reference 179 340 1.24 (0.82-1.90) 0.0054
Ever drinker
Light 87 208 1.07 (0.67-1.70) 80 204 1.03 (0.63-1.67)
Moderate 79 208 0.89 (0.54-1.44) 80 108 1.57 (0.94-2.64)
Heavy 87 145 1.28 (0.77-2.12) 44 32 3.03 (1.59-5.79)
Unknown subjects 8 10 3 5

?One case was excluded because ALDH2 genotype was not defined.

®ORs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer,

gastric atropy defined by serological PG testing and H.pylori status.

Table V explores the interaction between ALDH2 genotype and
alcohol drinking with regard to the prevalence of AG among non-
cancer controls. Association with alcohol drinking was not significant.
In analysis of the combination of ALDH?2 and alcohol drinking, heavy
drinking with ALDH2 Lys+ showed an OR of 4.50 (1.51-13.43,
P = 0.007) relative to non-drinkers with ALDH2 Glu/Glu, whereas
that of heavy drinking with ALDH2 Glu/Glu was 1.48 (0.74-2.98).
The sources of confounding were age, sex, smoking status and
H.pylori status.

Discussion

In this large case-control study, we found a significant interaction
between the ALDH?2 Lys allele and alcohol consumption after adjust-
ment for H.pylori infection, cumulative exposure to smoking, and
fruit/vegetable intake. Subjects with the ALDH2 Lys allele who drank
heavily showed a >2-fold higher risk than those with ALDH2 Gluw/
Glu genotype who did not drink. A similar phenomenon was observed
with regard to the prevalence of AG among non-cancer controls.
ALDH?2 is a key enzyme that catalyzes acetaldehyde into acetate.
The polymorphism GluS04Lys (rs671) has sufficient functional
strength to influence many alcohol-related conditions (4,18,32). We
first described a strong gene—environment interaction between alco-
hol drinking and the ALDH2 Glu504Lys polymorphism in esophageal
cancer risk (4), and subsequent studies, including our own, confirmed
the same phenomenon in UADT cancers (5—11). This line of epidemi-
ological evidence for an interaction between these two factors finally
lead to the conclusion that ‘acetaldehyde associated with alcoholic
beverages’ was Group 1 by the International Agency for Research on
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Cancer (3). Although the effect size of ALDH2 or alcohol drinking
was smaller than those for UADT cancers, our results are consistent
with the phenomenon seen in UADT cancers, indicating the substan-
tial attribution of acetaldehyde to stomach carcinogenesis, as previ-
ously hypothesized (13,14).

To date, several studies have evaluated the association between
ALDH?2 13671 polymorphism and risk of stomach cancer (15—
18,33,34). However, these studies did not examine the interaction with
detailed information on alcohol consumption. A recent study from
Korea reported a similar phenomenon among 454 cases and 370 con-
trols (17). Interestingly, a very recent study from Europe reported that
a polymorphism in ALDH?2, 1s16941667, showed an allelic OR of 1.34
in a European population. But the interaction between rs16941667 and
alcohol consumption is not remarkable, possibly because rs16941667
has less functional impact than rs671. In any case, their finding might
indicate a substantial contribution of ALDH?2 to stomach carcinogen-
esis across ethnicities. Clarification of the role of alcohol in gastric car-
cinogenesis awaits further studies of possible gene—gene interactions
between the ALDH?2 and alcohol dehydrogenases genes.

In this study, we also explored the potential contribution of ALDH2—
alcohol interaction in AG, which has been established as a pre-cancer-
ous stage of stomach cancer (28,35,36). We defined AG status by PG
Tand II levels, which reflect the secretary function of gastric glands. We
observed that the impact of heavy drinking was stronger in those with
ALDH?2 Lys+ compared with ALDH?2 Glu/Glu, albeit that the statistical
interaction was not significant. This finding might suggest that acet-
aldehyde plays a role in gastric carcinogenesis from the AG stage via
induction of mutagenic adducts as reported (14) in the gastric mucosa.
Against this, however, contradicting results have been reported from
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Table IV. OR for heavy drinking compared with non-drinking stratified by potential confounders

Stratified by Glu/Glu Lys+ P-heterogeneity
Non-drinker Light Moderate Heavy Non-drinker Light Moderate Heavy
OR (95% CI)* OR (95% CIy* OR (95% CI)* OR (95% CI)* OR (95% CI)* OR (95% CI)* OR (95% CI)* OR (95% CI)*
Overall Reference 1.07 (0.67-1.70) 0.89 (0.54-1.44) 1.28 (0.77-2.12) 1.24 (0.82-1.90) 1.03 (0.63-1.67) 1.57 (0.94-2.64) 3.03 (1.59 (5.79)
Sex
Male Reference 1.10 (0.45-2.69) 1.04 (0.43-2.52) 1.43 (0.59-3.47) 1.42 (0.59-3.38) 1.16 (0.48-2.82) 1.85(0.76-4.52) 3.47 (0.76-4.52) 0.823
Female Reference 1.38 (0.72-2.67) 0.69 (0.26-1.80)  3.72 (0.52-26.7) 1.29 (0.75-2.20) 1.02 (0.43-2.41) 1.13 (0.16-7.90) 2.63 (0.16-7.90)
Age category
<60 Reference 0.67 (0.34-1.34) 0.68 (0.34-1.38) 1.33 (0.64-2.76) 1.29 (0.70-2.39) 1.20 (0.60-2.40) 1.32 (0.61-2.87) 1.71 (0.67-4.37)  0.751
60 or more Reference 1.64 (0.85-3.19) 1.07 (0.54-2.14) 1.18 (0.57-2.44) 1.17 (0.65-2.12) 0.81 (0.40-1.65) 1.82 (0.89-3.70) 4.99 (1.94-12.8)
Smoking status
Never Reference 1.15 (0.65-2.06) 1.05 (0.53-2.07) 1.08 (0.42-2.77) 1.16 (0.71-1.89) 1.22 (0.61-2.43) 1.66 (0.65-4.25) 2.50 (0.69-9.06)  0.187
Ever Reference 1.10 (0.39-3.09) 0.93 (0.33-2.61) 1.63 (0.58-4.56) 1.60 (0.58-4.39) 1.12 (0.40-3.13) 1.84 (0.65-5.18) 3.89 (1.27-11.9)
Fruit/vegetable intake
Lowest tertile Reference 0.45 (0.19-1.04) 0.47 (0.19-1.20) 0.51 (0.21-1.21) 0.84 (0.38-1.86) 0.48 (0.20-1.16) 0.79 (0.31-1.99) 0.95(0.31-2.84) 0.023
Middle tertile Reference 1.69 (0.67-4.25) 1.59 (0.63-4.06) 2.42 (0.93-6.27) 1.42 (0.61-3.27) 1.99 (0.76-5.03) 1.67 (0.62-4.51) 4.94 (1.60-15.3)
Highest tertile Reference 1.36 (0.62-2.95) 0.89 (0.39-2.06) 1.64 (0.60-4.51) 1.58 (0.80-3.14) 1.27 (0.56-2.91) 2.78 (1.12-6.87) 9.89 (2.16-45.3)
H.pylori
Positive Reference 1.21 (0.71-2.08) 1.14 (0.65-1.98) 1.49 (0.83-2.64) 1.60 (0.8-2.61) 1.12 (0.64-1.97) 2.44 (1.35-4.42) 3.87(1.82-8.24)  0.097
Negative Reference 0.79 (0.30-2.10) 0.52 (0.18-1.53) 0.87 (0.29-2.57) 0.57 (0.24-1.40)  0.79 (0.29-2.14) 0.43 (0.12-1.51) 1.89 (0.50-7.11)
AG defined by PG test
Positive Reference 1.00 (0.53-1.89) 1.11 (0.58-2.13) 1.18 (0.59-2.35) 1.26 (0.71-2.23) 0.92 (0.47-1.82) 1.75 (0.87-3.54) 2.35(0.99-5.58)  0.808
Negative Reference 1.38 (0.67-2.83) 0.73 (0.33-1.63) 1.56 (0.72-3.37) 1.46 (0.76-2.82) 1.27 (0.61-2.66) 1.84 (0.82-4.15) 5.95(2.17-16.3)
Family history of gastric cancer
Yes Reference 0.58 (0.19-1.76) 0.47 (0.14-1.54) 1.40 (0.42-4.62) 0.64 (0.23-1.73)  0.45 (0.14-1.41) 1.30 (0.40-4.25) 3.42(0.82-142)  0.4383
No Reference 1.24 (0.74-2.09) 1.01 (0.59-1.73) 1.22 (0.69-2.14) 1.44 (0.90-2.31) 1.23 (0.72-2.12) 1.58 (0.88-2.84) 2.86 (1.37-5.94)
Histology®
Diffuse Reference 1.11 (0.64-1.95) 0.97 (0.54-1.76) 1.68 (0.92-3.08) 1.50 (0.92-2.46) 1.19 (0.66-2.13) 2.00 (1.07-3.74) 3.76 (1.74-8.14)  NE°
Intestinal Reference 0.89 (0.44-1.79) 0.66 (0.32-1.35) 0.82 (0.39-1.73) 0.82 (0.43-1.58)  0.66 (0.31-1.37) 1.04 (0.49-2.20) 1.96 (0.81-4.71)
Location of stomach cancer
Upper® Reference 0.48 (0.03-8.53) 0.89 (0.07-11.7) 2.25(0.20-25.9) 1.47 (0.15-14.3) 3.57 (0.36-35.8) 1.45 (0.10-20.3) 4.32 (0.29-64.6) NE®
Others Reference 1.09 (0.68-1.75) 0.89 (0.55-1.46) 1.26 (0.76-2.10) 1.24 (0.81-1.90)  0.98 (0.60-1.60) 1.58 (0.94-2.67) 2.89 (1.51-5.56)

30Rs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer, gastric atrophy defined by serological PG testing

and H.pylori status.

YOne case was excluded from analysis because of undefined histology.
°NE indicates not evaluable.

dUpper stomach cancer includes ICD O3T C16.0 (cardia, NOS, n = 21) and C16.1 (fundus of stomach, n = 3).
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Table V. Associations between ALDH2 genotype and drinking and AG prevalence among controls

Level of drinking Overall Combined with ALDH2 genotype
ALDH2 Glu/Glu ALDH2 Lys+
AG Non-AG OR (95% CI)® AG Non-AG OR (95% CD)® AG Non-AG OR (95% CI)®

Non-drinker 163 289 Reference 39 73 Reference 124 216 1.65 (0.92-2.93)
Ever drinker

Light 128 284 0.99 (0.68-1.44) 68 140 1.71 (0.90-3.25) 60 144 1.27 (0.66-2.44)

Moderate 119 197 1.20 (0.81-1.79) 76 132 1.67 (0.88-3.17) 43 65 2.10(1.00-4.41)

Heavy 66 111 1.19 (0.73-1.92) 51 94 1.48 (0.74-2.98) 15 17 4.50 (1.51-13.43)
Unknown subjects 3 12 1 9 2 3

20ne case was excluded because ALDH2 genotype was not defined.

YORs were calculated by an unconditional logistic regression model adjusted for age, sex, PY of smoking, fruit/vegetable intake, family history of gastric cancer

and H.pylori status.

Germany (37). In their population-based study in 9444 older adults, Gao
et al. (37) found that alcohol drinking was associated with a reduced
risk of AG, which they explained as due to the potentially bactericidal
effect of alcohol. The attribution of ALDH?2 or alcohol consumption to
gastric carcinogenesis thus remains to be elucidated.

This study had several methodological strengths. First, potential
confounding by age, sex, smoking, fruit/vegetable intake, H.pylori
infection and gastric atrophy status was considered by individual
matching and statistical adjustment in the analyses. In particular,
the consideration of H.pylori infection warrants the robustness of
our observation. Second, as the ALDH?2 genotype does not change
throughout life, we can assume that the impact of ALDH?2 polymor-
phism is subject to Mendelian randomization. Third, the size of the
study was large, and the food frequency questionnaire was satisfacto-
rily valid and reproducible (17,18). Potential limitations of this study
also warrant mention. First, measurement of alcohol drinking might
have been affected by the status of cases at recruitment. To avoid this,
we asked about drinking behavior when the participants were healthy
or before the current symptoms developed. Second, the control par-
ticipants were selected from among non-cancer patients at our hospi-
tal. Because cases and controls were selected from the same hospital
and almost all patients lived in the Tokai area of central Japan, the
internal validity of this case-control study is likely acceptable (21).
In addition, to dilute any bias that might have resulted from the inclu-
sion of a specific diagnostic group that is related to the exposure,
we did not set eligibility criteria for control diseases. Finally, it is
difficult to completely rule out misclassification of H.pylori infec-
tion status or AG status by plasma measurement, or lifestyle factors

considered as potential confounders based on seif-reporting. If pre--

sent, however, the effect of such misclassification in relation to pos-
sible under-adjustment would be limited, particularly considering the
consistency of results across stratified analyses by several potential
confounders.

In conclusion, we found that ALDH?2 and alcohol drinking interact
with each other in the risk of stomach cancer. This finding indicates a
substantial role of acetaldehyde in carcinogenesis in the stomach, as
has already been shown for cancers of the UADT.
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