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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 c iption, lowa , aged 5569
Unadjusted Adjusted
Quartiles of consumption Odds ratio 95% confidence interval Odds ratio 95% confidence interval
Foods and food groups
All vegetables and fruit
1 (s24)° 1.00 1.00
2 (25-34) 0.69 0.44-1.08 0.77 0.47-1.26
33547 0.68 0.44-1.07 0.73 0.44-1.22
4 (248) 0.52 0.32-0.85 049 0.28-0.86
x? for trend (P) 5.38 0.02 5.05 0.02
All vegetables
1 (s14) 1.00 1.00
2 (15-21) 0.66 0.42-1.03 0.65 0.40-1.06
3 (22-30) 0.57 0.35-0.92 0.53 0.31-0.90
4 (231) 0.66 0.41-1.05 0.50 0.29-0.87
x? for trend (P) 3.29 0.07 6.11 0.01
All fruit
1(s7) 1.00 1.00
2(8-11) 0.57 0.36-0.90 0.80 0.50-1.28
3(12-17) 0.35 0.21-0.59 0.51 0.29-0.88
4 (218) 0.51 0.32-0.82 0.75 0.44-1.23
x? for trend (P) 10.96 0.0019 3.09 0.08
Green leafy vegetables
1(s1) 1.00 1.00
2(2-3) 0.94 0.61-1.45 0.86 0.54-1.38
345 0.57 0.34-0.95 042 0.24-0.73
4 (6) 0.61 0.37-0.99 045 0.26-0.79
x?2 for trend (P) 7.01 0.008 134 0.0003
High B-carotene
1(s) 1.00 1.00
2(2) 0.90 0.55-1.48 0.98 0.59-1.63
3(34) 0.79 0.50-1.27 0.89 0.54-1.45
4 (25) 0.83 0.52-1.32 0.92 0.55-1.54
x? for trend (P) 0.86 0.35 0.18 0.67
High lutein©
1 (0.0) 1.00 1.00
2(0.5) 1.02 0.66-1.57 0.91 0.58-1.43
3(21.0) 1.22 0.81-1.84 1.09 0.70-1.70
x? for trend (P) 091 0.34 0.16 0.69
High lycopene
1 (s1) 1.00 1.00
2(2) 1.38 0.84-2.27 1.22 0.72-2.04
339 1.46 0.88-2.43 1.25 0.73-2.10
4 (25) 1.52 0.91-2.53 1.21 0.69-2.10
x? for trend (P) 2.49 0.11 0.39 0.53
High vitamin C
1 (s6) 1.00 1.00
2(7-9) 1.00 0.62-1.60 1.16 0.71-1.90
3 (10-19) 1.00 0.64-1.57 1.28 0.79-2.08
4 (215) 0.64 0.38-1.06 0.75 0.43-1.28
x? for trend (P) 244 0.12 0.62 043
Carrots ©
1 (s0.5) 1.00 1.00
2(1.0) 0.50 0.32-0.76 0.55 0.35-0.86
3(23.0) 0.59 0.39-0.89 0.71 0.45-1.12
x? for trend (P) 6.58 0.01 248 0.12
Broccoli
1 (0.0) 1.00 1.00
2(0.5) 0.78 0.48-1.27 0.74 0.44-1.26
3(1.0) 0.80 0.49-1.31 0.67 0.40-1.12
4 (23.0) 0.80 0.46-1.39 0.72 0.40-1.29
x? for trend (P) 043 0.51 1.06 0.3
Tomatoes ©
1 (50.5) 1.00 1.00
2(1.0) 1.58 1.03-2.46 1.57 1.00-2.50
3(23.0 1.16 0.73-1.86 1.00 0.61-1.64
x? for trend (P) 0.39 0.53 0.00 0.99
Table 3 Continued
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Table 3 Continued

Unadjusted Adjusted
Quartiles of consumption Odds ratio 95% confidence interval Odds ratio 95% confidence interval
Nutrients
B-Carotene? ¢
1 (<4,886) 1.00 1.00
2 (4,897-7,392) 0.79 0.49-1.26 0.76 0.47-1.25
3(7,394-12,591) 0.65 0.40-1.06 0.67 0.39-1.14
4 (212,592) 0.77 0.48-1.23 0.81 0.48-1.38
x? for trend (P) 1.78 0.18 0.74 0.39
Vitamin C¢ (excluding supplements)
1(s99)# 1.00 1.00
2 (100-138) 0.90 0.57-1.41 1.16 0.71-1.90
3 (139-188) 0.78 0.49-1.25 1.03 0.62-1.72
4 (2189) 0.68 0.42-1.12 0.81 0.46-1.43
x? for trend (P) 2.62 0.11 0.79 0.37
Vitamin C” (including supplements)
1(5123) 1.00 1.00
2 (124-188) 0.92 0.56-1.48 1.06 0.63-1.77
3 (189-329) 0.64 0.37-1.09 0.70 0.40-1.24
4 (2330) 1.28 0.82-2.00 1.41 0.87-2.30
x?2 for trend (P) 0.06 0.81 0.23 0.63

“ Adjusted by inclusion of continuous variables for age, energy intake, and pack-years of smoking in multivariate logistic regression models.

® Quartile cutpoi
€ The frequency distribution of
4 Reflects vitamin A activity from carotenoids.

€ Does not include intake from vitamin supplements.

/ Quartile cutpoints for B-carotene are in International Units (IU).
& Quartile cutpoints for vitamin C are in milligrams.

# Includes intake from vitamin supplements.

for food groups are in units of servings/wk.

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

The association for B-carotene may 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) *“B-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 time
as techniques have varied. (¢) The carotenoid content of vegetables
and fruit may vary according to growth, harvest, preparation, and
cooking. Accordingly, it is possible that B-carotene is the responsible
agent and that the OR is attenuated by the above. Several previous
studies have reported a statistically significant association between
B-carotene in the diet or blood and lung cancer risk (29-31).

In addition to B-carotene, green leafy vegetables also contain folic
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 B-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,

ption of these food groups was not suited to the formation of quartiles; thus, approximate tertiles were formed.

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 B-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 B-carotene group
(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 B-carotene group.

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 incide

lung cancer by quartiles of vegetable and fruit or nutrient 1pti

lowa

, 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 Small cell carcinoma Squamous cell carcinoma Large cell carcinoma
(n = 45) (n=137) (n=25) (n=12)
95% confidence Odds ~ 95% confidence Odds 95% confidence Odds 95% confidence
Quartiles ¢ of consumption Odds ratio interval ratio interval ratio interval ratio interval
Foods and food groups
All vegetables and fruit
1 1.00 1.00 1.00 1.00
2 0.70 0.31-1.56 1.48 0.62-3.50 0.37 0.10-1.41 0.11 0.01-0.91
3 0.63 0.27-1.50 1.12 0.43-2.84 047 0.14-1.52 0.08 0.01-0.69
4 0.65 0.26-1.60 0.38 0.10-1.34 0.53 0.16-1.71 0.05 0.01-0.56
x? for trend (P) 0.83 0.36 2.06 0.11 0.52 047 4.76 0.03
All vegetables
1 1.00 1.00 1.00 1.00
2 0.67 0.30-1.48 1.01 0.41-2.47 041 0.12-1.37 0.21 0.06-0.78°
3 0.62 0.27-1.44 0.87 0.34-2.20 0.18 0.04-0.86
4 047 0.18-1.21 0.44 0.14-1.37 0.64 0.21-1.91 0.06 0.01-0.67
x?2 for trend (P) 2.15 0.14 2.04 0.15 1.42 0.23 53 0.02
All fruit
1 1.00 1.00 1.00 1.00
2 1.07 0.50-2.28 0.75 0.32-1.72 0.28 0.06-1.28 0.46 0.12-1.72%
3 0.27 0.08-0.95 0.32 0.10-0.98 0.80 0.30-2.18
4 1.34 0.60-2.99 0.51 0.18-1.40 0.30 0.08-1.19 0.42 0.07-2.35
x?2 for trend (P) 0.57 045 3.25 0.07 0.66 0.42 0.98 0.32
Green leafy vegetables
1 1.00 1.00 1.00 1.00
2 0.81 0.38-1.74 1.31 0.59-2.93 0.72 0.24-2.11 0.11 0.01-0.91
3 0.37 0.14-0.99 0.39 0.14-1.10 0.29 0.08-1.00 0.18 0.04-0.87
4 0.69 0.30-1.57 0.26 0.08-0.87 043 0.14-1.39 0.08 0.01-0.73
x?2 for trend (P) 245 0.12 8.54 0.003 3.60 0.06 3.10 0.08
Carrots
1 1.00 1.00 1.00 1.00
2 0.55 0.27-1.14 0.90 0.42-1.96 0.31 0.10-1.00 0.12 0.01-0.97
3 0.60 0.28-1.29 0.74 0.31-1.75 0.72 0.28-1.84 0.40 0.10-1.57
x?2 for trend (P) 1.76 0.18 0.47 0.49 0.47 0.49 1.71 0.19
Broccoli
1 1.00 1.00 1.00 1.00
2 0.76 0.32-1.81 1.32 0.41-4.26 0.96 0.27-3.37 0.13 0.03-0.62
3 0.88 0.39-2.00 1.38 0.44-4.29 0.68 0.19-2.42 0.05 0.01-0.42
4 0.46 0.15-1.42 1.52 0.44-5.19 1.05 0.28-3.95 0.09 0.01-0.77
x? for trend (P) 1.37 0.24 0.44 0.51 0.03 0.86 5.26 0.02
Nutrient
B-Carotene ¢
1 1.00 1.00 1.00 1.00
2 0.89 0.40-1.96 1.16 0.48-2.81 0.61 0.19-2.03 0.10 0.01-0.82
3 0.76 0.31-1.83 0.98 0.38-2.56 0.51 0.13-1.94 0.18 0.03-0.97
4 0.90 0.37-2.19 0.68 0.23-2.01 1.16 0.38-3.59 0.09 0.01-0.80
x? for trend (P) 0.12 0.73 0.62 043 0.01 0.93 2.64 0.10

“ 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 quartiles; thus, approximate tertiles were formed.

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 B-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 smokers®
(81 cases, 431 noncases)

Never smokers ©
(19 cases, 1804 controls)

Exsmokers ?
(38 cases, 538 noncases)

95% confidence

95% confidence 95% confidence

Quartiles “ of consumption Odds ratio interval Odds ratio interval Odds ratio interval
Foods and food groups
All vegetables and fruit
1 1.00 1.00 1.00
2 0.98 0.52-1.84 1.09 0.40-2.97 0.15 0.02-1.28
3 0.62 0.29-1.30 1.14 0.44-2.92 0.97 0.30-3.13
4 0.68 0.32-1.43 0.29 0.08-1.04 0.76 0.19-3.03
x? for trend (P) 1.94 0.16 3.09 0.08 0.54 0.46
All vegetables
1 1.00 1.00 1.00
2 1.02 0.53-1.93 0.37 0.14-1.00 0.54 0.13-2.32
3 0.56 0.27-1.18 0.39 0.15-1.05 1.15 0.324.13
4 0.63 0.30-1.33 0.31 0.11-0.88 1.08 0.27-4.39
x?2 for trend (P) 3.13 0.08 344 0.06 0.31 0.58
All fruit
1 1.00 1.00 1.00
2 0.55 0.28-1.08 1.55 0.58-4.14 2.01 0.51-7.94
3 043 0.19-1.00 0.99 0.36-2.69 0.75 0.14-3.88
4 0.95 0.46-1.96 0.81 0.27-2.43 1.45 0.33-6.30
x? for trend (P) 0.14 0.7 0.51 0.48 0.03 0.87
Green leafy vegetables
1 1.00 1.00 1.00
2 1.01 0.54-1.88 0.86 0.34-2.16 0.73 0.23-2.33
3 0.44 0.21-0.90 0.44 0.15-1.25 0.33 0.07-1.63
4 0.54 0.27-1.10 0.25 0.08-0.78 0.84 0.25-2.76
x?2 for trend (P) 6.23 0.01 7.26 0.007 0.59 0.44
Carrots ¢
1 1.00 1.00 1.00
2 0.69 0.39-1.22 0.53 0.21-1.30 0.22 0.05-1.08
3 0.57 0.30-1.09 0.82 0.37-1.83 1.19 0.43-3.28
x? for trend (P) 2.81 0.09 0.23 0.63 0.11 0.75
Broccoli
1 1.00 1.00 1.00
2 0.92 0.46-1.89 0.26 0.09-0.77 239 0.51-11.28
3 0.90 0.45-1.83 0.35 0.14-0.88 1.42 0.27-7.40
4 0.95 0.43-2.12 0.37 0.13-1.08 2.01 0.36-11.20
x? for trend (P) 0.02 0.88 1.99 0.16 0.23 0.63
Nutrient
B-Carotene®/
1 1.00 1.00 1.00
2 1.00 0.53-1.86 0.57 0.20-1.58 0.55 0.13-2.34
3 0.50 0.23-1.10 1.11 0.43-2.83 0.89 0.25-3.21
4 0.96 0.47-1.95 0.66 0.23-1.93 1.08 0.30-3.93
x? for trend (P) 0.83 0.36 0.01 0.91 0.17 0.68

“ Quartile cutpoints are given in Table 3.

b 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.
9 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.
/Does 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 B-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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Four previous retrospective case-control studies (5-7, 10) and one
prospective cohort study (18) of lung cancer have looked at the effects
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 er al. found the effect of
consumption of green leafy vegetables to be greater for exsmokers. In
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).

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

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,
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
(24). Although estimates of vegetable and fruit intake derived from
this food frequency questionnaire may be overestimated, ranking of
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
possible misclassification of diet because of the limitations of food
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 lowa women. The
associations were strongest for large cell carcinoma and stronger for
exsmokers than current smokers.
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