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ABSTRACT

Previous epidemiolÃ³gica! studies have shown an inverse association
between vegetable and fruit consumption and lung cancer risk; few of
these studies have been prospective or have focused upon women. In 1986,
we assessed food intake in 41,837 Iowa women, aged 55 to 69 yr, with a
mailed 127-item food frequency questionnaire. After 4 years of follow-up,

179 incident cases of lung cancer were identified via the Iowa Surveillance,
Epidemiology, and End Results cancer registry. After specific exclusion
criteria were applied, a nested case-control comparison of 138 cases with

2,814 randomly selected noncases was undertaken. Intakes, in the upper
most quartile, of 11 vegetable and fruit groups, as well as of the nutrients
ÃŸ-carotene and vitamin C, were explored. High intakes of all vegetables

and fruit, all vegetables, and green leafy vegetables were each associated
with an approximate halving of risk: age-, smoking-, and energy-adjusted
odds ratios (ORs) were 0.49 (95% confidence interval, 0.28-0.86), 0.50
(95% confidence interval, 0.29-0.87), and 0.45 (95% confidence interval,
0.26-0.76), respectively. A lower lung cancer risk was also seen for all fruit
(adjusted OR = 0.75 for high consumption), high vitamin C vegetables and
fruit (OR = 0.75), carrots (OR = 0.71), and broccoli (OR = 0.72) and for
the nutrients ÃŸ-carotene(OR = 0.81) and vitamin C (OR = 0.81) (all 95%

confidence intervals included 1.0). Lung cancer risk was unrelated to
consumption of the three food groups defined as "high-carotenoid"

(ÃŸ-carotene, lutein, and lycopene) and tomatoes. In an analysis stratified

by histolÃ³gica! type of lung cancer, the strongest inverse associations for
vegetables and fruit were seen for large cell carcinoma. Analysis by smok
ing status showed the inverse associations for most vegetable and fruit
groups with lung cancer risk to be stronger for exsmokers than for current
smokers. Results from the stratified analyses must be interpreted with
caution because of the small number of cases in each stratum.

INTRODUCTION

Lung cancer is on the rise in women and, in 1987, surpassed breast
cancer as the leading cause of cancer mortality in women of the
United States. The current 5-yr survival rate for lung cancer is about

13% (1); thus, prevention is the best approach to control.
A high consumption of vegetables and fruit has been associated

with an approximate halving of cancer risk in many case-control and

cohort studies of different cancer sites (2). The existence of a variety
of potentially anticarcinogenic substances in vegetables and fruit,
including carotenoids, vitamins C and E, folie acid, selenium, dietary
fiber, dithiolthiones, Ã•ndoles, isothiocyanates, allium compounds,
isoflavones, saponins, and plant sterols, lends biological plausibility to
the hypothesis that consumption of vegetables and fruit may reduce
the risk of cancer (3).

Although 12 case-control studies (4-15) have reported an inverse

association of vegetables and fruit with lung cancer risk, fewer pro
spective cohort studies (16-18) have done so. The majority of subjects

in the previous studies have been men. The epidemiology of lung
cancer appears to differ between the sexes (19, 20), in that a lower
proportion in women appears to be attributable to smoking and in that
adenocarcinoma is the most common histological subtype in women.
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Lung cancer in women is generally diagnosed at a younger age, and
survival is generally better than for men.

The objective of the present study was to assess the association of
vegetable and fruit consumption with lung cancer risk, prospectively,
in a population-based cohort of postmenopausal women.

MATERIALS AND METHODS

Subjects. The Iowa Women's Health Study is a prospective cohort study of

postmenopausal women. In 1986 a questionnaire was mailed to 100,000
women, aged 55 to 69 yr, who were randomly selected from licensed drivers

in Iowa. The questionnaire was returned by 41,837 women. The average
respondent was 61.7 yr old; 99% of respondents were white.

Data Collection. The self-administered questionnaire included, among

other items, questions regarding diet, smoking, physical activity, family and
personal history of cancer, and demographic information. The dietary portion
was an adaptation of the Willett food frequency questionnaire, which has been
studied for validity and reproducibility within the Iowa Women's Health Study
cohort (21) and the Nurses' Health Study (22-24). Participants were asked to

report their average consumption, over the past year, of 127 food items in
cluding 29 vegetables; 15 fruits; 13 dairy foods; 14 meat, poultry, seafood, or
egg items; 17 breads, cereals, or starches; 14 beverages (including 4 alcoholic
beverages); and 25 sweets, baked goods, or miscellaneous items. For each
food, a commonly used portion size was specified, and participants chose one
of nine categories, ranging from "never or less than once per month" to "6+ per
day," to categorize their frequency of consumption of that portion size. Addi

tional questions queried other foods frequently consumed that were not on the
food list, as well as use and dosage of dietary supplements. Daily nutrient
intakes were calculated from the food frequency by multiplying the frequency
of consumption of the specified unit of each food by the nutrient content of that
unit of food.

Follow-up for incident cancer was performed via the Health Registry of

Iowa, part of the Surveillance, Epidemiology, and End Results program of the

National Cancer Institute. Computer matches were sought between the Reg
istry cases from 1986 to 1989 and the 41,837 cohort participants. First and last
names, maiden name, social security number, birth date, and zip code were
used in matching. A total of 179 women who developed lung cancer during the
4 yr of follow-up were identified. Cohort outmigration was determined to be

approximately 3%.
Data Analysis. Subjects with a history of cancer at baseline (other than skin

cancer; based upon self-report), age at baseline outside the originally defined

range of 55 to 69 yr, greater than 29 blank items on the food frequency
questionnaire, or calculated energy intake less than 500 or greater than 5000
kcal were excluded from the analysis. The cutpoint for the number of blank
items on the questionnaire was chosen such that any participant who skipped
an entire page of the questionnaire was excluded. After exclusion criteria were
applied, a total of 138 cases (77% of total cases) and 34,977 noncases (84% of
total noncases) remained. The majority of exclusions were due to a history of
cancer at baseline (15% of cases and 9% of noncases) or greater than 29 items
left blank on the food frequency questionnaire (10% of cases and 7% of
noncases).

A nested case-control design was used because of the large excess of
person-years contributed by noncases compared with cases and the relatively
short period of follow-up thus far. From the 34,977 eligible noncases, 2,814

were randomly selected as controls.
Vegetable and fruit groups, categorized a priori according to the type of

vegetable or nutrient content, were the study variables of major interest. The
individual vegetables and fruits included in each group are presented in Table
1. Included in these groups were 38 vegetable and fruit items from the food
frequency questionnaire plus 61 other vegetables and fruits reported in re
sponse to the open-ended question on "other important foods" eaten "at least
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VEGETABLES. FRUIT. AND LUNG CANCER

Table i Definitions for vegetable and fruii categories

Vegetable and
fruit category Foods included

Tomatoes; tomato sauce; string beans; broccoli; cabbage or coleslaw; cauliflower; Brussels sprouts; carrots; corn; peas or lima beans;
mixed vegetables; yellow (winter) squash; eggplant, zucchini, or other summer squash; yams or sweet potatoes; spinach; kale,
mustard, or chard greens; iceberg or head lettuce; romaine or leaf lettuce; celery; mushrooms; beets; alfalfa sprouts; garlic; green or
chili peppers; potatoes; artichokes"; asparagus"; avocado"; bean sprouts"; chicory"; chili peppers"; daikon radish"; endive",
escarole"; Jerusalem artichokes"; turnips"; kohlrabi"; leeks"; okra"; oriental vegetables"; parsley"; parsnips"; peapods"; radishes";
rhubarb"; rutabagas"; scallions"; and water chestnuts"

Raisins or grapes; prunes; bananas; cantaloupe; watermelon; fresh apples or pears; oranges; grapefruit; strawberries; blueberries; peaches,
apricots, or plums; blackberries"; cherries"; currants"; dates"; fruit cocktail"; guavas"; honeydew melon"; kiwi fruit"; lemons";
limes"; mangoes"; crenshaw melon"; nectarines"; persimmons"; pineapple"; plantains"; pomegranates"; quince"; raspberries";
tangerines"; applesauce"; and dried apples." apricots." bananas," currants," figs," nectarines," papaya," peaches," and pineapple"

All foods included in "all vegetables" and "all fruit"

Spinach; iceberg or head lettuce; romaine or leaf lettuce; kale, mustard, or chard greens; chicory"; endive"; escarole"; and parsley"

Carrots; yellow (winter) squash; yams or sweet potatoes; spinach; cantaloupe; dried apricots"; mangoes"; dried papaya"; apricot juice";
and carrot juice "

Spinach; and kale, mustard, or chard greens

Tomatoes; tomato juice; tomato sauce; and V-8 juice"

Cantaloupe; oranges; orange juice; grapefruit; grapefruit juice; strawberries; other fruit juice; broccoli; green or chili peppers; chili
peppers"; kohlrabi"; dried currants"; guavas"; honeydew melon"; kiwi fruit"; mangoes"; and V-8 juice"

" Food not on the food frequency form, but included only if listed in response to the question. "Are there any other important foods that you usually eat at least once per week?"
'' Includes all vegetables and fruit containing greater than 3Ã•XK)1U of vitamin A per serving according to the nutrient data base used in the Nurses' Health Study (vitamin A activity

in vegetables and fruits is attributable predominantly to ÃŸ-carotene).
' Includes all vegetables and fruit containing greater than 10 mg of lutein per 1(X)g according to published food composition values (25).
il Includes all vegetables and fruit containing greater than 5 mg of lycopene per 100 g according to published food composition values (25).
'' Includes all vegetables and fruit containing greater than 40 mg of vitamin C per serving according to the nutrient data base used in the Nurses' Health Study.

All vegetables

All fruit

All vegetables and fruit

Green leafy vegetables

High ÃŸ-carotene''

High lutein'

High lycopene''

High vitamin C''

once per week." The high ÃŸ-caroteneand vitamin C groups included, respec

tively, vegetables and fruit with >3000 IU of vitamin A activity/serving (pre
dominantly from ÃŸ-carotene in vegetables and fruit) and >40 mg/serving of
vitamin C. based upon values from the nutrient data base used in the Nurses'

Health Study. The high lutein and lycopene groups included, respectively,
vegetables and fruit with >10 mg/100 g and >5 mg/100 g based upon caro-

tenoid values published by Micozzi et al. (25).
The number of servings/wk for each vegetable and fruii was calculated from

the chosen frequency categories; for example, "never or less than once per
month" was equated with 0 servings/wk, "1-3 per month" was equated with
0.5 servings/wk, and "1 per day" was equated with 7 servings/wk. When no

response category was marked, a value of zero servings/wk was assigned. The
number of servings/wk of all foods in a group was then totalled.

"Carotenoids" and vitamin C were the major nutrients considered in these

analyses. Vitamin C intake, both including and excluding intake from supple
ments, was considered; information regarding quantitative "carotenoid" intake

from supplements was not available. In the nutrient data base used in this study,
the vitamin A values were those obtained by the Association of Analytical
Chemists and reported in the United States Department of Agriculture hand
books. The value for "carotenoids" reflects all vitamin A activity in plant foods,

as well as a portion of the vitamin A activity from foods known to contain both
carotenoids and retinol (e.g., milk). It does not differentiate separate caro
tenoids nor is it a summary measure of all carotenoids present in foods. For
simplicity, and because the majority of vitamin A activity from carotenoids
comes specifically from ÃŸ-carotene, the nutrient group "carotenoids" will
subsequently be termed "ÃŸ-carotene" in this paper.

Unconditional logistic regression was used to obtain odds ratios forquartiles
of intake of the vegetable and fruit groups and nutrients. Quartiles of con
sumption of each vegetable and fruit group and nutrient were created based
upon the distribution of consumption in the noncases. Potential confounding
factors were assessed via multivariate logistic regression and included pack-
years of smoking, smoking status (current, ex-, never), age, alcohol intake,

physical activity, education level, and family history of cancer. Adjustment for
energy intake was done by both inclusion of a continuous variable in multi
variate models and the regression method (26).

Analyses stratified by smoking status and histological type of lung cancer
were also conducted. Lung cancer cases were classified into adenocarcinoma
(33%), squamous cell carcinoma (18%), small cell carcinoma (27%), large cell
carcinoma (9%), and other or nonclassified (14%) according to the morphol
ogy code from the Surveillance, Epidemiology, and End Results Registry.

RESULTS

A comparison of baseline characteristics of the 138 cases and 2,814
noncases is presented in Table 2. Cases tended to be older, less well
educated, and less active and to have greater alcohol intake than
noncases. As expected, a far greater proportion of cases had ever
smoked and, among ever smokers, a greater proportion of cases were
current smokers and heavier lifetime smokers. The unadjusted ORs1

corresponding to 1 to 19, 20 to 39, and >40 pack-years of smoking
were 3.1 (95% CI, 1.6-6.0), 9.6 (95% CI, 5.7-16.3), and 21.1 (95%
CI, 12.9-34.5), respectively, as compared to never smokers, thus
showing the expected dose-response for lifetime smoking. The odds

ratios for current smoking and exsmoking status, compared with never
smoking, were 18.2 (95% CI, 10.9-30.3) and 6.9 (95% CI, 3.9-12.2),

respectively.
The mean intakes of all vegetables and fruit were 35.0 and 37.7

servings/wk for cases and noncases. respectively (P = 0.11). Unad
justed and adjusted odds ratios for quartiles of consumption of the
vegetable and fruit groups, ÃŸ-carotene,and vitamin C are shown in

Table 3. An approximate halving of risk was observed for consump
tion in the uppermost versus lowermost quartiles for all vegetables and
fruit, all vegetables, and green leafy vegetables. For many groups,
there was a dose-response relationship. Adjusted odds ratios for all
fruit, high vitamin C vegetables and fruit, carrots, broccoli, ÃŸ-caro

tene, and vitamin C (excluding supplements) also were consistent with
inverse relationships, whereas little evidence of an association was
seen for the high carotenoid groups or tomatoes, and a positive asso
ciation was suggested for intake of vitamin C (including supple
ments).

Odds ratios in Table 3 are presented as both unadjusted and adjusted
for pack-years of smoking, age, and energy intake. Unadjusted odds

ratios were virtually identical to those adjusted only for age (data not
shown). Adjustment for pack-years of smoking affected the odds

ratios for fruit and vitamin C consumption to a greater extent than did

' The abbreviations used are; OR. odds ratio; CI. confidence interval.
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VEGETABLES, FRUIT, AND LUNG CANCER

Table 2 Selected demographic characteristics and known risk factors for lung
cancer in incident cases and naneases, Iowa women, aged 55-69 years

Cases
(n =138)CharacteristicBaseline

agefr55-5960-6465-69Education

h<High

schoolHigh
schoolSome
collegeCollege

graduateSmoking'1Never

smoker1-19
pack-years20-39
pack-years240
pack-yearsExsmokerCurrent

smokerPhysical

activity''LowModerateVigorousAlcohol

intake'1Abstainer>0

and < 10g/day>10
g/dayHistory

of cancer in femalerelativeNoYesn43425348483571914386338818138196732394395%Â«31303835352551410284728595928144923283169Noncases

(n =2814)n11079707374851199771359180437332424353843113197467091497965352101517991c39352617432712661412919164827265334133664

" Percentages are calculated without inclusion of subjects for which data are missing

in the denominator and may not add to 100^ due to rounding.
* P < 0.05 for x2 lest for trend.

those for the other vegetable and fruit group variables, as the pack-

years variable was more highly correlated with fruit consumption
(r = -0.14, P < 0.005) than with consumption of the other vegetable

and fruit groups. Further adjustment of the vegetable and fruit asso
ciations for smoking status had no appreciable effect.

Energy intake was a negative confounder of the relationship be
tween vegetable and fruit consumption and lung cancer risk and added
predictive information to the logistic regression models for many of
the vegetable and fruit groups, being greater for cases than noncases
and positively correlated with vegetable and fruit consumption
(r = 0.49, P < 0.005). Odds ratios adjusted for energy intake by the
regression method were essentially identical to the energy-adjusted

estimates shown in Table 3.
Although alcohol intake was positively associated with lung cancer

risk [univariate OR = 2.48 (95% CI, 1.65-3.75) for consumers of >10

g/day versus abstainers] (see also Ref. 27), inclusion of alcohol intake
in multivariate models did not affect the vegetable and fruit group
associations. Family history of cancer (see also Ref. 28) was likewise
not a confounder. Inclusion of education and physical activity in
multivariate models resulted in a slight weakening of the vegetable
and fruit group associations (see "Discussion").

Comprehensive multivariate regression models, including variables
for age, pack-years, smoking status, energy intake, alcohol intake,

education, physical activity, and family history of cancer resulted in
odds ratios of 0.68 (95% CI, 0.38-1.21) and 0.58 (95% CI, 0.33-1.0I)

for the uppermost quartiles of consumption of all vegetables and for
leafy green vegetables, respectively.

The results for selected vegetable and fruit groups, stratified by
histolÃ³gica! type of lung cancer, are shown in Table 4. Although the
numbers of cases in each stratum were small and the confidence
intervals wide, the associations were strongest for large cell carcinoma

for consumption of five of the six vegetable and fruit groups shown in
Table 4 and for ÃŸ-carotene.Of the five vegetable and fruit groups not

shown in Table 4, the associations were similarly strongest for large
cell carcinoma for four groups and also for vitamin C. Overall, con
sumption in the uppermost versus the lowermost quartile was associ
ated with a 4- to 20-fold lower risk of large cell carcinoma. The

associations for consumption of fruit and high vitamin C vegetables
and fruit (data not shown) appeared to be strongest for squamous cell
carcinoma.

The vegetable and fruit consumption results are stratified by smok
ing status in Table 5. Although the confidence intervals were wide
because of the small numbers in each stratum, the odds ratios were
stronger for exsmokers than current smokers for five of the six veg
etable and fruit groups shown in Table 5 and for ÃŸ-carotene.Addi

tionally, odds ratios were more strongly inverse for exsmokers for four
of the five vegetable and fruit groups for which data are not shown.
The odds ratios presented for current and exsmokers were adjusted for
pack-years of smoking. Odds ratios, unadjusted for lifetime dose of

smoking, resulted similarly in stronger associations for exsmokers.

DISCUSSION

In this prospective study of postmenopausal women, the risk of
lung cancer was approximately halved in the uppermost quartile of
consumption of all vegetables and fruit, all vegetables, and green leafy
vegetables compared with the lowermost quartile. High intakes of all
fruit, high vitamin C vegetables and fruit, carrots, and broccoli and of
the nutrients ÃŸ-caroteneand vitamin C (excluding supplements) were

associated with a risk 70 to 80% of that of low intakes. The 40%
increase in risk associated with the uppermost quartile of vitamin C
intake (including supplements) was unexpected.

The inverse association with lung cancer was stronger for vegeta
bles than for fruit, which is generally consistent with previous studies;
three cohort studies (16-18) and all but one (13) of 12 previous
case-control studies (4-12, 14, 15) reported an inverse association of

lung cancer with one or more vegetables or vegetable groups. Four
case-control studies (6, 9, 10, 14) that looked at "vegetables" as a

whole each found statistically significant associations (ORs ranged
from 0.4-0.8 for high consumption); KvÃ¤leet al. (16) similarly found

a relative risk of 0.7 (P > 0.10) in a cohort of Norwegian men. Only
four studies (9, 13, 15, 18) reported any statistically significant asso
ciations for fruit or fruit groups.

The inverse association with a diet high in green leafy vegetables
suggested by the present study has similarly been reported by all seven
of the previous case-control studies (4, 6-8, 10, 11, 15) that looked at

this food group [in five studies (4, 6, 10, 11, 15), the association was
statistically significant]. The inverse association with high carrot in
take (or dark yellow-orange vegetable intake) (not statistically signif

icant in the present study) has been similarly reported by one cohort
study (16) and seven case-control studies (5-11) [statistically signif
icant in six studies (5-7, 9-11). The inverse association with broccoli

consumption (not statistically significant in this study) has been seen
in two previous case-control studies (9, 11) that reported on broccoli

consumption specifically (statistically significant in both studies).
While green leafy vegetables, carrots, and broccoli are high in

ÃŸ-carotene,which has been hypothesized to be anticarcinogenic be

cause of its antioxidant and vitamin A functions (3), the strength of the
inverse associations for these vegetables was greater than that for
ÃŸ-caroteneitself. Le Marchand et al. (10) in Hawaii similarly found
the association for "dark green vegetables" (which included broccoli,

green pepper, and cabbages, in addition to lettuce and several greens)
to be stronger than the association for ÃŸ-caroteneintake. In that study,
the association for "dark green vegetables" was stronger in females
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VEGETABLES. FRUIT. AND LUNG CANCER

Table 3 Odds ratios for incident lung cancer by quartiles of vegetable and fruit or nutrient consumption, Iowa women, aged 55-69

Quartiles ofconsumptionAll

vegetables andfrail1
(<24)fc2

(25-34)3
(35-47)4
(>48)X2

for trend</>)All

vegetables1
<<14)2(15-21)3

(22-30)4(231)X2

for trend(/>)All

fruit1
<<7)2(8-11)3(12-17)4(218)X2

for trend(P)Green

leafyvegetables1
(<1)2
(2-3)3
(4-5)4<<6)X2

for trend(PIHigh

ÃŸ-carotene1
<<1)2(2)3

(3-4)4(25)X2

for trend(PiHigh

lutein'1

(0.0)2
(0.5)3
(21.0)X2

for trend(P)High

lycopene1
(<l)2(2)3

(3-4)4<>5)X2

for trend(/>)High

vitaminC1
(<6)2
(7-9)3(10-14)4(>15)X2

for trend(P)Carrots'1

(<0.5)2(1.0)3

(23.0)X2
for trend(PiBroccoli1

(0.0)2
(0.5)3
(1.0)4
(23.0)X2

for trend(P)Tomatoes

'1

(Â£0.5)2(1.0)3

(23.0)X2

for trend (P)Odds

ratio1.000.690.680.525.381.000.660.570.663.291.000.570.350.5110.961.000.940.570.617.011.000.900.790.830.861.001.021.220.911.001.381.461.522.49I.(X)l.(X)1.1X10.642.441.000.500.596.581.000.780.800.800.431.001.581.160.39Unadjusted95%confidenceintervalFonds

and foodgroups0.44-1.080.44-1.070.32-0.850.020.42-1.030.35-0.920.41-1.050.070.36-0.900.21-0.590.32-0.820.00190.61-1.450.34-0.950.37-0.990.0080.55-1.480.50-1.270.52-1.320.350.66-1.570.81-1.840.340.84-2.270.88-2.430.91-2.530.110.62-1.600.64-1.570.38-1.060.120.32-0.760.39-0.890.010.48-1.270.49-1.310.46-1.390.511.03-2.460.73-1.860.53Table

3Continued539Odds

ratio1.000.770.730.495.051.000.650.530.506.111.000.800.510.753.091.000.860.420.4513.41.000.980.890.920.181.000.911.090.161.001.221.251.210.391.001.161.280.750.621.000.550.712.481.000.740.670.721.061.001.571.000.00Adjusted

"95%

confidenceinterval0.47-1.260.44-1.220.28-0.860.020.40-1.060.31-0.900.29-0.870.010.50-1.280.29-0.880.44-1.230.080.54-1.380.24-0.730.26-0.790.00030.59-1.630.54-1.450.55-1.540.670.58-1.430.70-1.700.690.72-2.040.73-2.100.69-2.100.530.71-1.900.79-2.080.43-1.280.430.35-0.860.45-1.120.120.44-1.260.40-1.120.40-1.290.31.00-2.500.61-1.640.99
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VEGETABLES, FRUIT, AND LUNG CANCER

Table 3 ConÃ®inued

Unadjusted Adjusted "

Quartiles ofconsumptionÃŸ-Carotene''-''1

(Â£4,886)>2
(4,897-7.392)3(7.394-12,591)4

(>12,592)X2

for trend</>)Vitamin

C' (excludingsupplements)1
<<99)Â«2(100-138)3

(139-188)4
(>189)X2

for trend(P)Vitamin

Ch (includingsupplements)1

(<123)2(124-188)3

(189-329)4
(>330)X2

for trend (/>)Odds

ratio1.000.790.650.771.781.000.900.780.682.621.000.920.641.280.0695%confidenceintervalÂ»â„¢0.49-1.260.40-1.060.48-1.230.180.57-1.410.49-1.250.42-1.120.110.56-1.480.37-1.090.82-2.000.81Oddsratio1.000.760.670.810.741.001.161.030.810.791.001.060.701.410.2395%confidenceinterval0.47-1.250.39-1.140.48-1.380.390.71-1.900.62-1.720.46-1.430.370.63-1.770.40-1.240.87-2.300.63

" Adjusted by inclusion of continuous variables for age. energy intake, and pack-years of smoking in multivariale logistic regression models.
h Quartile cutpoints for food groups are in units of servings/wk.
' The frequency distribution of consumption of these food groups was not suited to the formation of quartiles: thus, approximate tenues were formed.
'' Reflects vitamin A activity from carotenoids.
*"Does not include intake from vitamin supplements.

^Quartile cutpoints for ÃŸ-caroteneare in International Units (IU).
* Quartile cutpoinls for vitamin C are in milligrams.
* Includes intake from vitamin supplements.

than in males, with an OR of 0.26 (P = 0.001 for trend) for high
consumption. Ziegler el al. (6) also found the association for "dark
green vegetables" to be greater than the association for carotenoids.

The association for ÃŸ-carotenemay have been weakened by the

error incurred in the estimation of food composition values, beyond
that incurred in the measurement of usual food intake, (a) "ÃŸ-Caro-
tene" values for foods in nutrient data bases generally include other

carotenoids; only recently has it become feasible to separate and
measure the various carotenoids in foods by high-pressure liquid
chromatography (29). (b) The food-table values have varied over lime

as techniques have varied, (c) The carotenoid content of vegetables
and fruit may vary according to growth, harvest, preparation, and
cooking. Accordingly, it is possible that ÃŸ-caroteneis the responsible

agent and that the OR is attenuated by the above. Several previous
studies have reported a statistically significant association between
ÃŸ-carotenein the diet or blood and lung cancer risk (29-31).

In addition to ÃŸ-carotene,green leafy vegetables also contain folie

acid [deficiency of which may cause DNA abnormalities (32)], vita
mins C and E, and selenium [each of which may be anticarcinogenic
via antioxidant and other properties (3)]. Nonetheless, as with ÃŸ-car

otene, the OR for vitamin C (excluding supplements) in the present
study was weaker than that for green leafy vegetables, and the OR for
vitamin C (including supplements) suggested a positive association
with risk. Green leafy vegetables further contain lutein (25), an anti
oxidant carotenoid with no vitamin A activity. Notably, the association
for the high lutein vegetable group was essentially null, although the
range of intake may not have been wide enough to compare the
relevant levels of intake (50% of the subjects reported never con
sumption). The green leafy vegetable group differed from the high
lutein group only in the inclusion of iceberg and romaine lettuce.

A strong inverse association for consumption of tomatoes, which
are rich in lycopene, was observed in case-control studies in Hawaii

(10) and China (12), whereas the present study found no association
with tomato consumption and suggested a positive association for the
high-lycopene food group (which included tomatoes, tomato juice.

and sauce). Perhaps high consumption of tomato sauce is a marker for
high consumption of pizza, spaghetti, casseroles, and other foods that
are often consumed in meals that do not include other vegetables and
fruit, although why these should be positively associated with a higher
risk of lung cancer is not immediately apparent.

The lack of stronger associations for the three high-carotenoid food
groups (high ÃŸ-carotene,lutein, and lycopene) was unexpected. Per
haps these high-carotenoid food groups, constituents of which were

selected based upon a minimum carotenoid level per serving, did not
reflect those foods contributing the greatest amounts to typical diets.
For example, of the five major foods in the high ÃŸ-carotenegroup

(carrots, yellow squash, yams, spinach, and cantaloupe), only three
(carrots, cantaloupe, and spinach) are among the top 15 contributors of
vitamin A in the United States diet (33), whereas four other top
contributors (tomatoes, greens, green salad, and orange juice) were
not included in the high ÃŸ-carotenegroup.

Inverse associations remained strong for several vegetable and fruit
groups after adjusting for pack-years of smoking, age, and energy

intake (as shown in Tables 3 to 5). While adjustment for education and
physical activity resulted in a slight to moderate weakening of the
vegetable and fruit group associations, neither factor is commonly
thought to be causally linked to lung cancer. Education and physical
activity may be inversely associated with lung cancer because of their
positive associations with vegetable and fruit consumption; thus, con
trolling the vegetable and fruit group associations for these factors
might result in overadjustment. No attempt was made to assess ex
posure to environmental tobacco smoke in this study; therefore, this
factor could not be assessed as a potential confounder.

Adenocarcinoma was the most common type of lung cancer in the
present study population; the distribution of histological types was
similar to that expected for white females based upon data from five
in the United States cancer registries (34). While the strongest vege
table and fruit associations were for large cell carcinoma (ORs ranged
from 0.05 to 0.66), strong inverse associations for other histological
types were also found for specific vegetable and fruit groups.
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Table 4 Odds ratios for different histological types of incident lung cancer by quaniles of vegetable and fruit or nutrient consumption, Iowa women, aged 55-69

Odds ratios were adjusted by inclusion of continuous variables for age, energy intake, and pack-years of smoking in multivariate logistic regression models.

Adenocarcinoma
(n =45)Quartiles"

of consumptionOdds ratio95%
confidence

intervalSmall

cell carcinoma
(n =37)Odds

ratio95%
confidence

intervalSquamous

cell carcinoma
(n =25)Odds

ratio95%
confidence

intervalLarge

cell carcinoma
(n=12)Odds

ratio95%
confidence

intervalFoods

and foodgroupsAll
vegetables andfruit1234X2

for trend(P)All

vegetables1234X2

for trend(P)All

fruit1234X2

for trend(P)Green

leafyvegetables1234X2

for trend(P)Carrots1'123X2

for trend(P)Broccoli1234X2

for trend(P)ÃŸ-Carotene1'

â€¢¿�'1234X2

for trend (P)1.000.700.630.650.831.000.670.620.472.151.001.070.271.340.571.000.810.370.692.45IXÂ»0.550.601.761.000.760.880.461.371.000.890.760.900.120.31-1.560.27-1.500.26-1.600.360.30-1.480.27-1.440.18-1.210.140.50-2.280.08-0.950.60-2.990.450.38-1.740.14-0.990.30-1.570.120.27-1.140.28-1.290.180.32-1.810.39-2.000.15-1.420.240.40-1.%0.31-1.830.37-2.190.731.001.481.120.382.061.001.010.870.442.041.000.750.320.513.251.001.310.390.268.541.000.900.740.471.001.321.381.520.441.001.160.980.680.620.62-3.500.43-2.840.10-1.340.110.41-2.470.34-2.200.14-1.370.150.32-1.720.10-0.980.18-1.400.070.59-2.930.14-1.100.08-0.870.0030.42-1.960.31-1.750.490.41^1.260.44-4.290.44-5.190.51Nutrient0.48-2.810.38-2.560.23-2.010.431.000.370.470.530.521.000.410.180.641.421.000.280.800.300.661.000.720.290.433.601.000.310.720.471.000.%0.681.050.031.000.610.511.160.010.10-1.410.14-1.520.16-1.710.470.12-1.370.04-0.860.21-1.910.230.06-1.280.30-2.180.08-1.190.420.24-2.110.08-1.000.14-1.390.060.10-1.000.28-1.840.490.27-3.370.19-2.420.28-3.950.860.19-2.030.13-1.940.38-3.590.931.000.110.080.054.761.000.210.065.31.000.460.420.981.000.110.180.083.101.000.120.401.711.000.130.050.095.261.000.100.180.092.640.01-0.910.01-0.690.01-0.560.030.06-0.78*0.01-0.670.020.12-1.72*0.07-2.350.320.01-0.910.04-0.870.01-0.730.080.01-0.970.10-1.570.190.03-0.620.01-0.420.01-0.770.020.01-0.820.03-0.970.01-0.800.10

" Quartile cutpoints are given in Table 3.
* No cases were present in Quartile 3 for this analysis; therefore, Quartiles 2 and 3 were combined.
' The frequency distribution of consumption of these food groups was not suited to the formation of quaniles; thus, approximate tenues were formed.
J Reflects vitamin A activity from carotenoids.
**Does not include intake from vitamin supplements.

It has been previously hypothesized that vitamin A deficiency may
play a role in the development of epithelial cell tumors, as vitamin A
plays a role in the normal differentiation of epithelial cells. All four
histological types of lung cancer examined in the present study are
epithelial cell tumors, and large cell carcinoma cells are notable as
being particularly undifferentiated. Perhaps a lack of sufficient vita
min A (which can be supplied by ÃŸ-carotene)plays a role in the lack

of differentiation and in the development of large cell carcinoma.
The findings for large cell carcinoma in the present study must be

interpreted with caution as, not only are the reported associations
based upon only 12 cases, but large cell carcinoma is difficult to
diagnose and is frequently confused with poorly differentiated squa-

mous cell or adenocarcinoma (34). Given these caveats, perhaps the

best interpretation of the present data is that, in women, the protective
effect of vegetable and fruit consumption is not limited to squamous
cell carcinoma, as has been suggested by previous studies of men (31 ).

Three previous case-control studies (6, 9, 10) and one cohort study

(16) found vegetable and fruit consumption to be more strongly as
sociated with squamous and/or small cell carcinoma than with ade
nocarcinoma or large cell carcinoma. In these studies, all or the
majority of subjects were males, for whom squamous and small cell
carcinoma made up a greater proportion of the lung cancer than is
generally true for women. In a study of lung cancer in Hong Kong
women who had never smoked, the inverse associations for vegetable
and fruit consumption were mostly confined to adenocarcinoma and
large cell carcinoma (8).
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Table 5 Odds ratios for incident lung cancer for current, ex-, and never smokers by quartiles of vegetable and fruit and nutrient consumption

Current smokersh

(81 cases, 431 noncases)
Exsmokers

(38 cases, 538 noncases)
Never smokers c

(19 cases, 1804 controls)

Quartiles" ofconsumptionAll

vegetables andfruit1234X2

for trend(P)All

vegetables1234X2

for trend(/>)All

fruit1234X2

for trend(/>)Green

leafyvegetables1234X2

for trend(P)Carrots''123X2

for trend(P)Broccoli1234X2

for trend (/>)Odds

ratio1.000.980.620.681.941.001.020.560.633.131.000.550.430.950.141.001.010.440.546.231.000.690.572.811.000.920.900.950.0295%
confidence

interval0.52-1.840.29-1.300.32-1.430.160.53-1.930.27-1.180.30-1.330.080.28-1.080.19-1.000.46-1.960.70.54-1.880.21-0.900.27-1.100.010.39-1.220.30-1.090.090.46-1.890.45-1.830.43-2.120.88OddsratioFoods

and foodgroups1.001.091.140.293.091.000.370.390.313.441.001.550.990.810.511.000.860.440.257.261.000.530.820.231.000.260.350.371.9995%

confidence
interval0.40-2.970.44-2.920.08-1.040.080.14-1.000.15-1.050.11-0.880.060.58-4.140.36-2.690.27-2.430.480.34-2.160.15-1.250.08-0.780.0070.21-1.300.37-1.830.630.09-0.770.14-0.880.13-1.080.16Oddsratio1.000.150.970.760.541.000.541.151.080.311.002.010.751.450.031.000.730.330.840.591.000.221.190.111.002.391.422.010.2395%

confidence
interval0.02-1.280.30-3.130.19-3.030.460.13-2.320.32-4.130.27^.390.580.51-7.940.14-3.880.33-6.300.870.23-2.330.07-1.630.25-2.760.440.05-1.080.43-3.280.750.51-11.280.27-7.400.36-11.200.63

Nutrient
ÃŸ-Carotene'-71234X2

for trend (P)1.

001.000.500.960.830.53-1.860.23-1.100.47-1.950.361.000.571.110.660.0

10.20-1.580.43-2.830.23-1.930.911.000.550.891.080.170.13-2.340.25-3.210.30-3.930.68

Quartile cutpoints are given in Table 3.
Adjusted by inclusion of continuous variables for age, energy intake, and pack-years of smoking in multivariate logistic regression models.
Adjusted by inclusion of continuous variables for age and energy intake in multivariate logistic regression models.
The frequency distribution of consumption of these food groups was not suited to the formation of quartiles; thus, approximate tertiles were formed.
Reflects vitamin A activity from carotenoids.

not include intake from vitamin supplements.

The inverse associations with lung cancer risk were stronger for
exsmokers than for current smokers, for 9 of the 11 vegetable and fruit
groups, and for ÃŸ-carotene. [The point estimates for never-smokers

appeared unstable because of the small number of cases who had
never smoked (n = 19)].

The odds ratios in Table 5 (results stratified by smoking status) are
adjusted for pack-years of smoking; i.e., women are being compared

across smoking status with lifetime consumption of cigarettes held
constant. Stratification by four levels of pack-years of smoking (data

not shown) yielded no consistent trend for associations to be stronger
for either heavier or lighter lifetime smokers. Thus, the observed
interaction implies that the effect of greater consumption of vegetables
and fruit is modified more by the recency of smoking than by lifetime

dose. Three possible explanations may be considered: in current
smokers, the continued presence of carcinogens may overwhelm the
anticarcinogenic capacity of vegetables and fruit, whereas in exsmok
ers, there may be more opportunity for anticarcinogens to have an
impact; the effect of vegetable and fruit components may be more
antipromotional than antiinitiation; high consumption of vegetables
and fruit may be more effective against lung cancer caused by agents
other than cigarette smoke. It will be possible to explore this last
hypothesis further after longer follow-up; at some point, enough nev
er-smoking cases will be available so that associations for this group

can be assessed with confidence. If the mechanism is to inhibit the
development of nonsmoking-related cancer, then the inverse associa
tion will be observed in never-smokers as well.
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13.

Four previous retrospective case-control studies (5-7, 10) and one 5.

prospective cohort study ( 18) of lung cancer have looked at the effects 6
of vegetable and fruit consumption by smoking status. In contrast to
the present study, Ziegler et al. (6) found the effect of vegetable
consumption to be limited to current and recent smokers. Similarly,
Mettlin et al. (5) and Pisani et al. (7) each found inverse associations
for carrot consumption only for heavy smokers and current smokers,
respectively, although, in addition. Pisani et al. found the effect of
consumption of green leafy vegetables to be greater for exsmokers. In 9
two of the above-mentioned studies (5, 6), the stratification by smok

ing only involved males and, in the other study (7), 93% of the
subjects were male. The majority of studies of carotenoid and vitamin
A intake have also involved primarily males and have observed the
greatest inverse associations to be for heavy, long-term, and current "

smokers (31). p
Le Marchand et al. (10) reported on both males and females and

found results in partial agreement with the present study for females.
Vegetable consumption was more strongly associated with reduced
risk in light smokers and ex- and never-smokers among females, but
in heavy smokers and current and recent smokers among males. Koo '4

(8) and Kalandidi et al. (13) also studied women and found protective
effects of vegetable and fruit consumption in never-smokers. Fraser et 15.

al. (18) found an inverse association for fruit consumption in a cohort
of Seventh-day Adventists, in which 39% of the lung cancer cases

were female and only 4% were current smokers. 16
The food frequency method of dietary data collection used in this

study was appropriate, as it assesses long-term intake and incorporates
seasonal variation. Nonetheless, this method may have led to overes-

timation of intake. The reported average consumption of all vegetables
and fruit for all subjects in the present study was 37.6 servings/week,
i.e., 5.4 servings/day. This estimate is much higher than the 2.2
servings/day reportedly consumed by Americans in 1976 to 1980, 20.
based upon the Second National Health and Nutrition Examination
Survey (35). Perhaps an overestimation of intake occurred in part
because of the relatively large number of vegetable and fruit items (n
= 44) on the questionnaire: "social desirability bias" is another pos

sible explanation. A validity study of an earlier 61-item version of the

Willett food frequency questionnaire found consumption of certain
vegetables and fruit and other "healthy" foods to be overestimated 23.

(24). Although estimates of vegetable and fruit intake derived from
this food frequency questionnaire may be overestimated, ranking of 24.
individuals is likely to be valid.

The range of vegetable and fruit consumption for this population of
Iowa women may have been narrower than for other selected popu
lations; contrasts between extremes of consumption were not possible.
Because of the narrow range of consumption and because of the 26

possible misclassification of diet because of the limitations of food ,7
frequency questionnaires, the odds ratios in the present study may in
fact be signalling stronger associations.

In conclusion, the high consumption of vegetables, and of green
leafy vegetables in particular, was inversely associated with the risk of
lung cancer in this large cohort of postmenopausal Iowa women. The 29.

associations were strongest for large cell carcinoma and stronger for ,â€ž
J\J.

exsmokers than current smokers.
31.
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