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Dietary factors and lung cancer risk in Japanese: with
special reference to fish consumption and
adenocarcinomas
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Summary To investigate risk modification for lung cancer with diet in Japanese, we conducted a hospital-based case—control study and
evaluated variation in influence with the histological type. We recruited 367 male and 240 female cases with adenocarcinomas, and 381 male
and 57 female cases with squamous cell and small cell carcinomas. Controls comprised 2964 male and 1189 female cancer-free outpatients
matched for sex and age with the cases. Odds ratios (ORs) and their 95% confidence intervals (Cls) for lung cancer were calculated with
adjustment for potential confounding factors, using an unconditional logistic model. We found decreased ORs for adenocarcinomas in both
males (OR = 0.51, 95% CI 0.31-0.84) and females (OR = 0.48, 95% CI 0.24-0.94) who consumed cooked/raw fish, but not dried/salted fish
at the highest quartile frequency, compared with the lowest. Soybean curd consumption was associated with a decreased OR for female
adenocarcinomas. Decreased ORs for squamous cell and small cell carcinomas were observed in males with frequent consumption of raw
and green vegetables, fruit and milk, but consumption of carrot, pumpkin, egg and coffee was associated with increased ORs. This study
suggests cooked/raw fish consumption lowers the risk of adenocarcinoma of the lung in Japanese. © 2001 Cancer Research Campaign
http://www.bjcancer.com
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Lung cancer is the leading cause of death among malignancies amd other carcinomas (Karmali et al, 1984; de Bravo et al, 1991;
Japan (Statistics and Information Department, Ministry of Health.ing et al, 1991; Rose and Connoclly, 1991; Singh et al, 1997).
and Welfare, 2000). Its age-adjusted mortality and incidence rates, Experimental studies have revealed protective effects of
however, are still less than two-thirds of those in the US and thisoflavones from soybeans and epigallocatechin gallate from green
UK (Parkin et al, 1999; Pisani et al, 1999). Wynder and Hoffmanriea against lung cancer development (Kinlen et al, 1988; Messina
have pointed out the importance of dietary factors as underlyingt al, 1994; Fujiki et al, 1998; Lian et al, 1999). Several studies in
reasons for the lower lung cancer death rates observed in JapanJapan and China have shown risk reduction of lung cancer with
addition to age at onset of cigarette smoking, personal smokingpnsumption of soybean products (Koo, 1988; Wakai et al, 1999a)
behaviour and the make-up of cigarettes (Wynder and Hoffmanrand green tea (Kinlen et al, 1988; Ohno et al, 1995), but again data
1994). Japanese specific dietary factors that may protect agairfst histological types are limited.
cancer development include frequent consumption of soybean To investigate the association between food consumption and
products, green tea and fish. We here examine the hypothesis thang cancer risk with reference to histopathological diagnosis, we
intake of these foods modifies the risk of lung cancer in Japaneséere conducted a hospital-based case—control study.

A number of studies have revealed negative associations
between fish consumption and lung cancer risk (Koo, 1988; PiercSUBJECTS AND METHODS
et al, 1989; Veierod et al, 1997). Furthermore, an inverse correla-
tion between fish consumption and male lung cancer mortality waStudy subjects and data collection

observed in a recent international ecological study (Zhang et aIS_ 1988 f-administered i ire has b let
2000). However, a protective effect of fish consumption with ince » a sef-adminisiered questionnaire has been completel

regard to lung cancer risk is not yet conclusive (World CancePy first-visit outpatients before undergoing medical examinations

Research Fund, 1997), and one problem is the variety of forms gPAichi_Can(_:er Center Hospital in Nagoya, \_]apan (Hospital-Based
lung neoplasia. We are aware of no published reports focused HE'g?DrX'glgg'cD Re_isear;:hh Progra”_’ at .AIChI ngncer flient_er.
the risk for lung cancer with fish consumption by histological type. d ).h etalbs 0 é € qgestlolnnalrr(]e an | ata co lectllggs
N-3 polyunsaturated fatty acids (PUFA) present in fish oil, eicogProcedures have been described eisewnere (Inoue et al,

apentaenoic acid (EPA) and docosahexaenoic acid (DHA), exef@lima et al, 2000). In brief, an expert interviewer checks all

inhibitory effects on development of human lung mucoepidermoid’vritten responses at the time of collection within the first-visit day.
Included are questions on demographic information, prior medical

history, family history, smoking and drinking habits, general

Received 4 September 2000 health condition, reproduction, and food intake before the onset of
Revised 23 January 2001 the current symptoms. Questions regarding green tea and coffee
Accepted 24 January 2001 consumption were added in 1990. The data are annually linked
Correspondence to: T Takezaki to the hospital cancer-registry system to obtain information on
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confirmed diagnosis one year after the first visit. Between 1988 We combined cases with squamous cell carcinoma and small
and 1997, questionnaires were handed out to 67 854 (91.3%) firstell carcinoma, because the small number of male nonsmoking
visit outpatientsr{ = 74 280), and collected with a high responsecases (1 patient with squamous cell carcinoma and 2 patients with
rate (98.6%). small cell carcinoma) led to an unstable estimation of odds ratios
From 1988 to 1997, 1474 cases presented at the HospitdDRs) and their 95% confidence intervals (Cls).
Departments of Internal Medicine or Thoracic Surgery, Aichi
Cancer Center Hospital, as first-visit outpatients, and were hismétatistical analvsis
logically diagnosed as having primary cancer of the lung (ICD9- Y
162 or ICD10-C34). The histological classification was performed~or data analyses, ORs and their 95% Cls of all items for cases and
according to the criteria of the World Health Organization (Worldcontrols were calculated, using the unconditional logistic regres-
Health Organization, 1981). Operations were performed in 658ion model (Breslow and Day, 198@)values for trend in the OR
cases, and the diagnosis in the remaining 816 cases was confirmedre calculated by the chi-square test in the unconditional logistic
by biopsy and cytological examination. Of the total, 1212 casesegression model after making dummy variables, such as 0, 1, 2
answered our questionnaire. The remaining 263 were hospitalizeshd 3. To control for the effects of potential confounding factors,
without taking outpatient service, or were unable to answer th®Rs were calculated after adjustment for age (continuous), year
questions because of severe symptoms. The patients with large cafid season of the questionnaire study, occupation, smoking status
carcinomas of the lung were not included in the cases, becaugeever, former, current (<20 cigarettes/day) or currefo (ciga-
their number (67 males and 11 females) was not sufficient forettes/day)), passive smoking exposure from husbands (never or
analyses. We also excluded patients who had missing values foo husband, former, or current), prior lung diseases, and consump-
smoking status or fish consumption. Finally, 748 male and 29Tion of green vegetables and meat. The procedure LOGISTIC from
female patients aged 40 to 79 years who were histologically diadhe statistical package SAS, version 6.12 (SAS Institute, Cary,
nosed as having adenocarcinomas, squamous cell carcinomas,N&€) was used for the calculations.
small cell carcinomas of the lung were eligible as study subjects.
The controls were outpatients confirmed to be cancer-free b¥tESULTS
diagnostic procedures at Aichi Cancer Center Hospital between
1988 and 1997. Also excluded were those with a prior medicalhe age distributions of total cases and controls were quite similar,
history of cancer, with unrecorded smoking status or fish conbut the average age of adenocarcinoma cases was younger and that
sumption details, or who had been referred from doctors, a grougf squamous cell and small cell carcinoma cases was older than for
with a high potential for having precancerous diseases. Of théhne controls (Table 1A, 1B). Current smoking was associated
remaining 10 418 male and 23 841 female outpatients, we, themith increased ORs for male and female squamous cell and small
randomly selected 4 controls per one case after matching sex aoell carcinomas, and male adenocarcinomas, being especially
age (within 5 years). Finally, 2964 males and 1189 females wengronounced with squamous cell and small cell carcinomas and
eligible for the control group. heavy smokers>Q0 cigarettes/day). Increased ORs for adenocar-
cinomas were found for both male and female blue-collar workers.
A personal history of prior lung disease was related to increased
ORs for adenocarcinomas, as well as squamous cell and small cell
We defined current smokers as persons who had smoked for onarcinomas in both males and females.
year or more, or had quit smoking less than one year before theln males, we found a decreased OR (0.51; 95% CI = 0.31-0.84)
questionnaire study, ex-smokers as those who had smoked for ofte adenocarcinomas with the highest quartile consumption of
year or more and quit smoking one year or more before the studgpoked/raw fish, compared with the lowest (Table 2A), the
and never-smokers as those who never smoked or smoked for lefecreasing trend being statistically significaRt= 0.039). The
than one year. We similarly divided smoking status of husband®Rs for squamous cell and small cell carcinomas for fish
into 3 categories as never smokers, former smokers, and currecinsumption also showed a tendency for decrease but without
smokers. Females with no husband were included in the categosyatistical significanceR(= 0.112). Dried/salted fish consumption
of never smokers for smoking status of hushand. We categorizedas not associated with decreased ORs for adenocarcinomas, or
current and prior occupations into 2 groups, blue-collar workerssquamous cell and small cell carcinomas. Consumption of raw and
and white-collar workers, because previous studies reported green vegetables, fruit and milk revealed a significant decreasing
positive association between the former and risk for lung cancdrend of ORs for squamous cell and small cell carcinomas, and a
(Blot and Fraumeni, 1996). Medical staffs were included as bluedecreasing trend of ORs for adenocarcinomas was observed in
collar workers and housewives as white-collar workers. Withcases with frequent consumption of green vegetables. In contrast,
regard to personal history, prior lung diseases taken into accounbnsumption of carrot, pumpkin, egg and coffee was associated
included bronchitis, pneumonia, pleurisy, lung abscess formatiorwith increased ORs for squamous cell and small cell carcinomas,
pneumothorax, interstitial pneumonia, and chronic obstructivevith statistical significance. Frequent consumption of miso soup
lung diseases. increased the ORs for squamous cell and small cell carcinomas,
3 dietary habits, 2 beverages and 24 food items were analysedwghout statistical significance for the trerfd £ 0.112). Frequent
factors. Beverages and food items were divided into 4 or 5 groupgsonsumption of pickles of Chinese cabbages also tended to be
according to frequency of consumption before the onset of thassociated with increased OR for squamous cell and small cell
current symptoms. These groups were further divided into quartilearcinomas.
subgroups, each comprising approximately 25% of the controls. In females, the highest quartile consumption of cooked/raw
Cooked/raw fish was considered separately from dried/saltefish also decreased the OR (0.48; 95% CI = 0.24 —0.94) for adeno-
fish. carcinomas, but not for squamous cell and small cell carcinomas

Data analysis
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Table 1A Comparison of baseline lung cancer risk factors by histological type in males, Aichi Cancer Center Hospital, 1988-97

Referents Cases
Adenocarcinomas Squamous cell & small cell carcinomas
No. No. OR? (95% ClI) No. OR? (95% CI)

Age in years

40-49 288 54 18

50-59 856 121 93

60-69 1099 117 157

70-79 721 75 113

Total 2964 367 381

Average age in years 62.1 60.2 64.2
Smoking status

Never 632 35 1.00 - 3 1.00 -

Former 1100 86 1.52 (1.00-2.29) 88 15.5 (4.87-49.3)

Current 1232 246 3.71 (2.56-5.37) 290 52.4 (16.7-164)

<20 cigarettes/day 399 48 2.25 (1.42-3.55) 53 25.6 (7.93-82.6)

>20 cigarrettes/day 826 198 4.38 (3.00-6.40) 235 70.0 (22.3-220)
Occupation

White-collar workers 2175 239 1.00 - 287 1.00 -

Blue-collar workers 789 128 1.46 (1.16-1.85) 94 0.91 (0.71-1.17)
Prior lung diseases

No 2845 342 1.00 - 342 1.00 -

Yes 119 25 1.81 (1.15-2.84) 39 2.65 (1.81-3.89)

aAdjusted for age (continuous), and year and season of questionnaire study.

Table 1B Comparison of baseline lung cancer risk factors by histological type in females, Aichi Cancer Center Hospital, 1988-97

Referents Cases
Adenocarcinomas Squamous cell & small cell carcinomas
No. No. OR? (95% ClI) No. OR? (95% ClI)

Age in years

40-49 220 46 9

50-59 352 76 12

60-69 416 81 23

70-79 201 37 13

Total 1189 240 57
Average age in years 59.5 59.0 61.6

Smoking status

Never 1043 209 1.00 - 20 1.00 -

Former 45 8 0.89 (0.41-1.93) 5 6.33 (2.14-18.7)

Current 101 23 1.13 (0.70-1.84) 32 18.4 (9.94-34.1)

<20 cigarettes/day 69 11 0.82 (0.43-1.59) 18 14.6 (7.26-29.5)

>20 cigarrettes/day 32 12 1.76 (0.88-3.50) 14 26.4 (11.7-59.8)
Occupation

White-collar workers 1062 198 1.00 - 48 1.00 -

Blue-collar workers 127 42 1.85 (1.26-2.72) 9 1.67 (0.79-3.52)
Prior lung diseases

No 1154 223 1.00 - 50 1.00 -

Yes 35 17 2.45 (1.33-4.49) 7 4.61 (1.91-11.1)

aAdjusted for age (continuous), and year and season of questionnaire study.

(Table 2B). In contrast, an increased OR (2.83; 95% Cl =of pickled Chinese cabbage revealed an increasing trend
1.02-7.82) for squamous cell and small cell carcinoma was founof the ORs for squamous cell and small cell carcinomas
in females who consumed dried/salted fish frequeftly 0.056 (P = 0.033).

for trend). Frequent consumption of soybean curds lowered the

ORs for adenocarcinomaB € 0.021 for trend), but not for squa-

mous cell and small cell carcinomaB € 0.519 for trend). DISCUSSION

Decreased ORs with vegetable and fruit consumption were ndthe present study revealed decreased ORs for adenocarcinoma c
apparent for either histological type, except for decrease in ORs fohe lung with frequent consumption of cooked/raw fish in both
adenocarcinomas with carrot consumption. Frequent consumptianale and female Japanese.
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Previous epidemiological studies showed inconsistent resultsdenocarcinomas seems to be related to hormone effects.
for the association between fish consumption and risk of lungdiowever, the disconcordant results by gender and histological
cancer. A study in Norway found a negative association betweetype between studies means that this issue is still controversial.
cod liver oil supplement and lung cancer risk, due to high intake of Miso soup consumption tended in the present study to be asso-
vitamin A and n-3 PUFA (Veierod et al, 1997). A decreased ORciated with an increased risk of squamous cell and small cell carci-
was observed in female nonsmokers of Hong Kong (Koo, 1988)omas in males. Miso is not only another source of isoflavones,
and in males of Australia (Pierce et al, 1989), although théut also a preserved food that contains nitrosamine precursors
numbers of cases were small. On the other hand, fish consumpti¢Wakai et al, 1999b). The present result was partially in line with a
was associated with increased OR for lung cancer in males @irevious study, showing risk elevation in males and females
Yunnan, China, where average consumption of fish in controls wa@Vakai et al, 1999a).
very low (Swanson et al, 1992). Moreover, 2 cohort and 2 case- Protective effects of vegetables and fruit consumption have
control studies found no association (Kvale et al, 1983; Knekt dbeen addressed in numerous studies (World Cancer Research
al, 1991; Goodman et al, 1992; Sankaranarayanan et al, 1994und, 1997). Some authors have found obvious risk reduction in
Fish consumption was, however, inversely associated with malemokers (Kvale et al, 1983; Voorrips et al, 2000), concordant with
lung cancer mortality in countries with high levels of cigaretteour results for male cases with squamous cell and small cell carci-
smoking or animal fat consumption in a recent ecological studypomas. On the other hand, increased ORs for squamous cell and
(Zhang et al, 2000). Of 36 countries, Japan with lower mortalitysmall cell carcinomas were observed in males who frequently
rate of lung cancer showed higher consumption of cigaretteonsumed carrot and pumpkin rich in beta-carotene. Recent clin-
smoking and fish, but lower animal fat intake. ical trials of supplemental beta-carotene did not result risk reduc-

Cyclo oxygenase-2 (COX-2) is a key inducible enzyme intion of lung cancer, but rather an elevation of risk (The
arachidonic acid metabolism, and experimental and pathologic#llpha-Tocophenol, Beta Carotene Cancer Prevention Study
studies have provided evidence of an involvement of COX-2 irGroup, 1994; Hennekens et al, 1996; Omenn et al, 1996). Intake
carcinogenesis, in addition to inflammatory reactions (Vane, 1994joses of beta-carotene in these studies were much higher than
Oshima et al, 1996). N-3 PUFA inhibits arachidonic acid metabousual consumption from foods. It is possible that our results still
lism through a mechanism different from that with COX-2 included residual confounding by smoking after the adjustment,
inhibitors, but also modulates tmorigenesis (Karmali, 1987; Vanebecause consumption of carrot?(® 0.20) and pumpkin (R=
1994). Recent studies found an increase in COX-2 expression h20) was more strongly correlated to the smoking habit than other
human lung cancer, specifically in adenocarcinomas (Hida et aliegetables and fruit in our controls. Such a correlation was also
1998; Wolff et al, 1998). The results of our study and previousbserved in coffee drinkers {R 0.25). Some studies have shown
investigators suggest that effects of fish consumption and COX-28 positive association between coffee consumption and lung
inhibitors are more pronounced for adenocarcinomas than otheancer risk, although the possibility of the residual confounding by
histological types. smoking remains (World Cancer Research Fund, 1997).

The fact that dried/salted fish consumption was not associated A positive association between dietary fat and lung cancer risk
with any decrease in the OR for lung cancer requires explanatiohas been reported for Western countries (World Cancer Research
Fish oil demonstrates rapid degradation due to oxidation and oth&und, 1997), the association being more consistent for consump-
chemical changes on exposure to air, light and heat (Frankel, 198@pn of saturated/animal fat and cholesterol. The present study did
Porter et al, 1995). Dried/salted fish is a preserved food, which isot reveal a positive association between meat consumption and
consumed several days at least after processing of raw fishung cancer risk, except for an increased OR for male squamous
Decreased concentrations of n-3 PUFAs might therefore beell and small cell carcinomas with frequent consumption of eggs
expected. Furthermore, a positive association between preservedh in cholesterol. To clarify this situation, further investigations
food consumption and lung cancer risk has been reported (Koof dietary fat by nutrient are required, with adjustment for energy
1988; Sankaranarayanan et al, 1994; Wakai et al, 1999a). Oxidizéutake.
n3-PUFA and various contaminants in preserved dried/salted fish The decreased OR for squamous cell carcinoma for milk
might have been linked to the increased OR observed for femat®mnsumption was consistent with previous findings (Kvale et al,
cases with squamous cell and small cell carcinomas. An increas&883). A recent cohort study has also revealed risk reduction for
OR was also observed for those who consumed another preserdedg cancer mortality with frequent dairy product consumption
food, pickled Chinese cabbage. Smoking was not associate(Breslow et al, 2000), although other investigators have shown no
because smoking habit was not related to food consumption iassociation or increased risk (Koo, 1988; Goodman et al, 1992;
female controls and similar results were obtained with and withouBankaranarayanan et al, 1994). Dairy products contain linoleic
adjustment for smoking (data not shown). acid, sphingomyelins, butyric acid, retinal, calcium, and vitamin

Previous studies have demonstrated an inverse associati@ny that have potential protective effects against tumorigenesis
between soybean consumption and lung cancer risk in nor{Breslow et al, 2000).
smoking female cases with adenocarcinomas or large cell carci- A limitation of our present study was the lack of information on
nomas in Hong Kong (Koo, 1988), in male cases of Yunnamutrient intake, especially for n-3 PUFA and n-6 PUFA. Whereas
(Swanson et al, 1992), in male and female cases of Shangha3 PUFA inhibits growth and promotion of tumours, n-6 PUFA
(Ershow et al, 1990), and in male and female cases with squamoasuld stimulate them (Karmali, 1987; DeVries and van Noorden,
cell carcinoma in Japan (Wakai et al, 1999a). The present result®92; Vane, 1994). The n-6 PUFA/n-3 PUFA ratio is, therefore, an
were partially concordant with the first study. Isoflavones ofimportant additional factor for tumorigenesis (De Vries and
soybean products have not only anti-oestrogenic and oestrogenian Noorden, 1992). However, an international ecological study
effects, but also non-oestrogenic inhibitory influence on tumourevealed that Japanese consume much more n3-PUFA with a
development (messina et al, 1994). Risk reduction for femalenuch lower ratio of n6 PUFA/n3 PUFA, compared with Western
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countries (Hursting et al, 1990). Major contributors of n-3 PUFA  malignant neoplasms and cardiovascular diséagngl J Med334

intake are mixed salad oil, vegetable oil, mayonnaise, tofy  1145-1149 = ,
bean curds) chicken edqas and fish among Japanese in tl—lj]ga T, Yatabe Y, Achiwa H, Muramatsu H, Kozaki K, Nakamura S, Ogawa M,
(Soy ' 99 g p Mitsudomi T, Sugiura T and Takahashi T (1998) Increased expression of

Tokai area (Tokudome et al, 1999), where we recruited our study  cyciooxygenase 2 occurs frequently in human lung cancers, specifically in
subjects. These vegetable components and chicken eggs also adenocarcinoma€ancer Re§8: 3761-3764

contribute to n-6 PUFA intake, but this is less so for fish.Hursting SD, Thornquist M and Henderson MM (1990) Types of dietary fat and the
Therefore, frequent consumption of fish can in this context b(?nou'”c'dence of cancer at five sité%ev Med19: 242-253

L. . . e M, Tajima K, Hirose K, Hamajima N, Takezaki T, Hirai T, Kato T and Ohno Y
posmvely related not Only to n-3 PUFA intake, but also a low ratio (1995) Subsite-specific risk factors for colorectal cancer: a hospital-based case-

of n-6PUFA/n-3 PUFA. control study in Japa©ancer Causes Contrét 14-22

Regarding methodological issues, selection bias needs considéreue M, Tajima K, Hirose K, Hamajima N, Takezaki T, Kuroishi T and Tominaga S
ation, since controls were recruited from non-cancer hospital (1997) Epidemiological features of first-visit outpatients in Japan: comparison

. .. . . with general population and variation by sex, age, and sea&iim Epidemiol

outpatients. However, the distribution of diseases among randomly o, oo"--
selected non-cancer controls of Aichi Cancer Center Hospital didarmali RA (1987) Eicosanoids in neoplastaev Med16: 493-502
not demonstrate any obvious feature in common, with reference trmali RA, Marsh J and Fuchs C (1984) Effect of omega-3 fatty acids on growth of
precancerous lesions or tobacco-related conditions (Inoue et al, @aratmammary tumod Natl Cancer Inst3: 457-461

. e Ginlen LJ, Willows AN, Goldblatt P and Yudkin J (1988) Tea consumption and
1995). Furthermore, to access the quality and validity of our que§< cancerBr J Cancess 397401

tlon_na're’ we compared non-cancer ACCH outpatients Wlth<nekt P, Seppanen R, Jarvinen R, Virtamo J, Hyvonen L, Pukkala E and Teppo L
subjects randomly selected from the electoral roll (Inoue et al, (1991) Dietary cholesterol, fatty acids, and the risk of lung cancer among men.
1997). We found that, with due consideration of age, sex, and Nutr Cancerl6: 267-275

season in the analysis, it is feasible to use non-cancer outpatier‘ﬁ%o LC (1988) Dietary habits and lung cancer risk among Chinese females in Hong
as controls Kong who never smoketutr Cancerll: 155-172

. . . . . Kvale G, Bjelke E and Gart JJ (1983) Dietary habits and lung canceintigk.
In conclusion, our findings suggest the consumption of fish rich  cancer31: 397—405

in n-3 PUFA modifies the risk of development of adenocarcinomaian F, Li Y, Bhuiyan M and Sarkar FH (1999) p53-independent apoptosis induced
of the lung. This provides support for earlier epidemiological Py genistein in lung cancer cellSutr Cancer33: 125-131 o
pointers to an involvement of n-3 PUFA in carcinogenesis. Th&'nd PR Istfan NW, Lopes SM, Babayan VK, Blackburn GL and Bistrian BR
. . . K (1991) Structured lipid made from fish oil and medium-chain triglycerides
relatlvely lower mort‘?l“ty rate of l'ung cancer in J.apan mlght thus alters tumor and host metabolism in Yoshida-sarcoma-bearing\nat3.Clin
be at least partly attributable to higher consumption of fish. Nutr53: 1177-1184
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