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Background: Given the international variations in breast

cancer incidence rates and the changes in breast cancer in-

cidence among migrant populations, it has been hy-

pothesized that diet is a factor influencing risk of this

disease. Many studies indicate that a diet high in vegetables

and fruits may protect against breast cancer. Purpose: We

conducted a case-control study of diet, including the intake

of non-food supplements, and premenopausal breast cancer

risk. We evaluated in detail usual intake of vegetables and

fruits (each measured as the total reported grams consumed

for all queried vegetables and fruit), vitamins C and E, folic

acid, individual carotenoids, and dietary fiber with its com-

ponents. Methods: Case patients (n = 297) were identified

through pathology records from hospitals in Erie and

Niagara counties in western New York. They consisted of

premenopausal women 40 years of age or older who were

diagnosed with breast cancer from November 1986 through

April 1991. Control subjects (n = 311), frequency-matched

to case patients on the basis of age and county of residence,

were randomly selected from New York State Department

of Motor Vehicles records. In-person interviews included

detailed reports of usual diet in the period 2 years before the

interview. Unconditional logistic regression was used to es-

timate odds ratios (ORs) and 95% confidence intervals

(CIs). Results: There was a reduction in risk associated with

high intake of several nutrients. With the lowest quartile of

intake as the referent, adjusted ORs for the highest quartile

of intake for specific nutrients were as follows: vitamin C

(OR = 0.53; 95% CI = 0.33-0.86), a-tocopherol (OR = 0.55;

95% CI = 0.34-0.88), folic acid (OR = 0.50; 95% CI = 0.31-

0.82), a-carotene (OR = 0.67; 95% CI = 0.42-1.08) and P-

carotene (OR = 0.46; 95% CI = 0.28-0.74), lutein +

zeaxanthin (OR = 0.47; 95% CI = 0.28-0.77), and dietary

fiber from vegetables and fruits (OR = 0.48; 95% CI = 0.30-

0.78). No association with risk was found for p-cryptoxan-

thin, lycopene, or grain fiber. Fruits were weakly associated

with a reduction in risk (fourth quartile OR = 0.67; 95% CI

= 0.42-1.09). No association was found between breast can-

cer risk and intake of vitamins C and E and folic acid taken

as supplements. A strong inverse association between total

vegetable intake and risk was observed (fourth quartile OR

= 0.46; 95% CI = 0.28-0.74). This inverse association was

found to be independent of vitamin C, a-tocopherol, folic

acid, dietary fiber, and a-carotene. Adjusting for P-carotene

or lutein + zeaxanthin somewhat attenuated the inverse

association with vegetable intake. Conclusions: In this pop-

ulation, intake of vegetables appears to decrease pre-

menopausal breast cancer risk. This effect may be related, in

part, to P-carotene and lutein + zeaxanthin in vegetables. It

appears, however, that, of the nutrients and food com-

ponents examined, no single dietary factor explains the ef-

fect. Evaluated components found together in vegetables

may have a synergistic effect on breast cancer risk; alterna-

tively, other unmeasured factors in these foods may also in-

fluence risk. [J Natl Cancer Inst 1996;88:340-8]

Given the international variation in breast cancer incidence
rates and the changes in incidence among migrant populations
(/), it has been hypothesized that diet is a factor influencing risk
of this disease. There has been considerable attention paid to the
hypothesis that fat intake is related to increased risk of breast
cancer (2). While less research has focused on other dietary con-
stituents, a number of studies (3-9) would appear to indicate that
a diet high in vegetables and fruits may protect against breast
cancer. While a few studies (10-12) have failed to find a rela-
tion, the finding of a protective effect of fruits and vegetables is
relatively consistent and, therefore, provocative in terms of
breast cancer prevention. The role of vegetables, fruits, and the
nutrients and other dietary components found in these foods re-
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quires further attention. In particular, while there is evidence
that the carotenoids are associated with a reduced risk of breast
cancer {8,9,13-18), the relation of individual carotenoids to risk
has not been examined. Furthermore, the extent to which risk is
explained by individual nutrients and food components and the
extent to which any protective effect of vegetables and fruits is
not explained by those nutrients require further attention. We
conducted a case-control study of diet, including the intake of
non-food supplements, and premenopausal breast cancer risk;
we evaluated in detail usual intake of vegetables, fruits, vitamins
C and E, folic acid, individual carotenoids, and dietary fiber
with its components.

Subjects and Methods

This study was conducted as pan of a series of case-control studies, all using
the same Western New York Diet Study Questionnaire that had diet as the main
topic discussed during the interview, examining factors related to risk of
premenopausal and postmenopausal breast cancer, endometrial cancer, and
ovarian cancer. Included in this study as case patients were both premenopausal
and postmenopausal women who lived in Erie and Niagara counties, were 40-85
years old. and were diagnosed with primary, histologically confirmed breast can-
cer during the period from November 1986 through April 1991. Women were
considered to be premenopausal if they were currently menstruating or, if they
were not menstruating because of a hysterectomy or other medical intervention,
if they had at least one ovary and were under age 50. Because there is evidence
that premenopausal and postmenopausal breast cancer etiologies may differ, the
study was designed to examine the two groups separately. This article is limited
to premenopausal women; findings regarding postmenopausal women have been
reported elsewhere (14).

Identification of Case Patients and Control Subjects

All case patients and control subjects were white: at the time of the study
design, black women were not included because they constituted 10% of inci-
dent cases and the numbers of cases accrued within the time frame of the study
would not have been sufficient for analysis of risk. All participants provided
written, informed consent: procedures for protection of human subjects in this
study were approved by the Human Subjects Review Board of the State Univer-
sity of New York at Buffalo (School of Medicine and Biomedical Sciences) and
all the participating hospitals. This approval was in accord with an assurance
filed with and approved by the U.S. Department of Health and Human Services.

Cases were identified from pathology records of all the major hospitals in the
two counties. When a case was identified, the patient's physician was notified
and was asked permission to interview the patient. Of eligible case patients, we
were able to interview 66%. In most instances (74%). failure to secure an inter-
view resulted from physician refusal to allow contact with the patient. The
average time between diagnosis and interview was about 2 months. A total of
301 women with premenopausal breast cancer were included in the study: for
the adjusted analyses, there were 297 cases with complete data for all the vari-
ables.

Control subjects were selected from residents of the two counties and were
frequency matched to the case patients on age and county of residence. Control
subjects were randomly selected from the New York State Department of Motor
Vehicles records. (Approximately 94% of the eligible case patients in this study
held a driver's license.) Of control subjects contacted, we were able to interview
62%. for a total of 316 control subjects (311 included in the adjusted analyses).
The lack of response among control subjects has potential for bias. To determine
the extent of that bias, we conducted a short interview at the time of initial
telephone contact with a subset of control subjects, both those agreeing and
those not agreeing to participate in the study. Results of that short interview are
shown in Table I. Because this very brief interview was done at the initial con-
tact, and the intent was to quickly characterize participants and nonparticipants.
we did not ascertain menopaus.il status. Among women below the age of 50
years, 184 participants answered this interview, and 11 refused. Fifty-two non-
participants answered the brief questions: 41 refused to answer even these few
questions. Participants and nonparticipants gave virtually identical responses to

Table 1. Assessment of response bias: comparison of telephone responses at
time of contact for selected characteristics of participating and nonpanicipating

control subjects*

Mean (standard deviation)

Participants Nonpanicipants

Coffee, cups/day
Meat, times/wk
Vegetables, times/wk
Fruit, times/wk
Current smokers. %

3.7 (3.4)
4.7(2.2)
5.2(2.3)
4.8(2.5)

27.6

3.8(4.1)
4.8 (2.2)
5.3 (3.5)
5.1 (2.9)

39.2

* Based on a sample of participating and nonparticipating eligible control sub-
jects younger than 50 years. Of participants queried. 184 answered the questions
and 11 refused: of nonparticipants queried. 52 answered and 41 refused.

questions regarding diet. Smokers tended to be somewhat less likely to partici-
pate.

Because control subjects were all holders of a driver's license, we asked the case
patients whether they held a driver's license. Nine case patients did not have a
license. They did not differ from the other case patients in terms of diet (e.g.. mean
intake of kilocalories. vegetables, or fruit) or age at first birth. They were sig-
nificantly less educated and slightly, though not statistically significantly, older
(data not shown). Those women without licenses were included in these analyses.

Personal Interviews

Interviews were limited to women who were alert, able to speak English, and
well enough to be interviewed. All participants were interviewed in their homes
by trained interviewers. The interview lasted, on average. 2 hours. Included in
the interview were questions relating to diet, family history of cancer, medical
and reproductive histories, and other factors relating to lifestyle and occupation.
Body mass index (BMI) was by self-report and was expressed as weight in
kilograms/height (in meters)2 for the time point 2 years prior to interview. Fami-
ly history of breast cancer was defined as having at least one first-degree relative
(mother, sister, or daughter) with breast cancer.

Diet was assessed by a detailed series of questions regarding frequency and
quantity of usual intake of 172 foods in the year 2 years before the interview.
Questions included information on portion size relative to food models, food
preparation, and seasonality of intake. Details regarding interviewing quality
control, the questionnaire, and its reliability have been reported elsewhere (19-

21). The focus of this article is on the effect of vegetables and fruits and related
nutrients and food components: not included in this discussion is any association
with macronutrients, although macronutrients were examined for their role as
potential confounders.

Nutrient Composition Data

Nutrient composition of foods was calculated by use of data from the U.S.
Department of Agriculture data tapes and published food composition tables
(2223), as well as other published food composition data (22-27). For missing
values, composition values were imputed from similar foods. Food composition
data for individual carotenoids were based on data for more than 2300 fruits,
vegetables, and multi-ingredient foods from the U.S. Department of Agriculture
(2829). These values were limited to carotenoids in vegetables and fruits and
did not include those in animal products. Composition values for lutein and
zeaxanthin were reported as a combined total. Intakes of individual carotenoids
calculated using this food composition database were compared with concurrent
plasma carotenoid measures. Correlations for intake measures based on either a
food-frequency questionnaire or a 7-day food record compared with blood
measures were relatively high, on the order of .3 to .5 (30).

An index of total vegetable intake, in grams, was calculated from each
participant's interview based on queries regarding usual intake of 31 vegetables.
The index of vegetables did not include mixed foods that contain vegetables
(e.g.. spaghetti, lasagna, or pizza), and it did not contain white potatoes. When
potatoes were included in the vegetable index, results were similar, although the
overall intake in each category was higher. Total fruit intake was based on a
question regarding usual intake of 21 fruits.
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Statistical Analysis

Risk of breast cancer in each category relative to the indicated referent cate-
gory was estimated with odds ratios (ORs) and 95% confidence intervals (CIs).
calculated with unconditional logistic regression (31). Crude ORs and ORs ad-
justing for other potential confounders were examined for quartiles of intake
with the low-intake group as the referent. Adjusted analyses included control for
age, education, age at menarche, and BMI as continuous variables: categorical
variables were used for adjustment for first-degree relative with breast cancer
(yes/no), previous benign breast disease (yes/no), and age at first birth (four
dummy variables: never, age 20-21 years, age 22-25 years, and age 26-39 years).
For categorical analyses, cutoffs for quartiles were determined, to the extent pos-
sible, by even distribution of the control subjects to four categories. Tests for
trend for each nutritional variable were computed from the P value of the logis-
tic regression of the continuous variable with appropriate covariates (32). Such a
test allows for examination of the trend in the entire range of intakes with con-
trol for potential confounders. All reported P values for trend are for two-tailed
statistical tests. Kilocalorie-adjusted nutrients were calculated by the method of
regression residuals described by Willett and Stampfer (33).

Results

The risk patterns associated with total intake of vegetables
and of fruit in grams are shown in Table 2. Because all intakes
were calculated from a food-frequency questionnaire, caution
should be exercised in the interpretation of the quantities
presented. While food-frequency questionnaires have been
shown to be valid and reliable for the ranking of individuals in
terms of consumption, they are less valid for the quantification
of intake (34). Risk in the upper quartile of vegetable intake (in-
take of more than approximately five servings per day) was less
than half that for the referent group (intake of less than ap-
proximately three servings per day) (adjusted OR = 0.46; 95%
CI = 0.28-0.74). There was a weaker reduction in risk associated
with the fourth quartile of fruit intake (adjusted OR = 0.67; 95%
CI = 0.42-1.09).

We also examined risk associated with each of the food items
in the questionnaire. With adjustment for nondietary risk fac-
tors, among vegetables and fruits queried, we observed
decreases in risk associated with intakes of tomatoes, spinach,

greens, corn, carrots, summer squash, cucumbers, melons (other
than cantaloupe), berries, apples, pears, raisins, lemon, and lime.

To identify if particular nutrients explained the associations
seen for vegetables and fruits, we examined several nutrients
and food components for their relation to risk. Adjusted risks as-
sociated with intake of vitamin C, a-tocopherol, folic acid, and
dietary fiber were calculated (Table 3). There was a similar
decrease in risk associated with increasing intakes of all of these
dietary components, an adjusted OR on the order of 0.50 for the
fourth quartile.

We examined risk of premenopausal breast cancer associated
with the components of dietary fiber (i.e., risk associated with
intake of neutral detergent residue, hemicellulose, cellulose, and
lignin). These components were highly statistically correlated
with total dietary fiber and with each other; correlations ranged
from /• = .80 to r = .95. ORs were similar for each of these com-
ponents, on the order of 0.60 (data not shown). However, when
we examined the food source of the fiber, the decrease in risk
associated with dietary fiber was explained by intake of fiber
from vegetables and fruit and not by grain fiber intake (Table 3).

ORs associated with intake of specific carotenoids are shown
in Table 4. There was a strong protective effect associated with
higher intakes of a-carotene and (3-carotene and of lutein +
zeaxanthin. There was little evidence of any association of risk
with intake of (3-cryptoxanthin or lycopene.

In Table 5, risks associated with intake of some of these
nutrients as supplements are shown. Very few participants (five
case patients and six control subjects) took supplemental (3-
carotene, so that nutrient is not included. There was no relation ap-
parent for intake of vitamin C, a-tocopherol, or folic acid as
supplements with risk of breast cancer. When total intakes of these
three nutrients were calculated by combining diet and supplement
intakes, observed risks were somewhat attenuated compared with
the risks associated with dietary intake alone (data not shown).

Next, we investigated the extent to which risk reductions seen
for these nutrients were independent of total vegetable intake. In
Table 6, the risk associated with each dietary component ad-
justed for total vegetable intake is shown. The associations were

Table 2. Risk of premenopausal breast cancer associated with total intake of vegetables and fruit: western New York, November 1986 through April 1991

Quartile

Vegetables (g/day)
1 (<276)
2 (277-382)
3(383-522)
4(>523)

Trends

Fruit (g/day)
1 (<204)
2(205-332)
3 (333-483)
4<>484)

Trend+

No. of
case patients

107
74
71
45

83
75
84
55

No. of
control subjects

78
79
77
77

79
77
79
76

Crude
odds ratio

l.OOt
0.68
0.67
0.43

l.OOt
0.93
1.01
0.69

Odds ratio

l.OOt
0.80
0.65
0.46

P<.00l

l.OOt
0.96
0.82
0.67

P = .O5

Adjusted*

95% confidence interval

0.51-1.24
0.41-1.03
0.28-0.74

0.61-1.50
0.51-1.31
0.42-1.09

*Adjusted for age. education, age at first birth, age at menarche, first-degree relative with breast cancer, previous benign breast disease, body mass index, and
kilocalories by residuals (33): quartile cutoffs shown are without adjustment for kilocalories.

tReferent group.
%P value for trend calculated from coefficient from logistic regression adjusted as above with nutrient as a continuous variable; values are negative unless other-

wise indicated.
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Table 3. Risk of premenopausal breast cancer associated with intake of selected nutrients: western New York. November 1986 through April 1991

Quartile

Vitamin C (mg/day)
1 ( < 1 3 I )
2(132-176)
3(177-223)
4 (>224)

Trend*

a-Tocopherol (mg/day)
K<6)
2(7-8)
3(9-10)
4(>11)

Trend*

Folic acid (ng/day)
1(<304)
2(305-367)
3 (368-459)
4 (>460)

Trend*

Dietary fiber (g/day)
1(<21)
2 (22-27)
3 (28-32)
4(>33)

Trend*

Fruit and vegetable fiber (g/day)
1(215)
2(16-19)
3(20-24)
4(>25)

Trendy

Grain fiber (g/day)
K<5)
2(6)
3(7-9)
4(£10)

Trend!

1NO. 01

case patients

91
84
64
58

104
70
54
69

100
73
69
55

96
85
54
62

113
76
56
52

85
34

103
75

1NO. OI

control subjects

79
77
76
79

75
88
65
83

79
74
78
80

77
84
68
82

83
78
76
74

89
54
87
81

i^rude
odds ratio

l.OOt
0.95
0.73
0.64

l.OOt
0.57
0.60
0.60

l.OOt
0.78
0.70
0.54

l.OOt
0.81
0.64
0.61

l.OOt
0.72
0.54
0.52

l.OOt
0.66
1.24
0.97

Odds ratio

l.OOt
0.87
0.70
0.53

p = m

l.OOt
0.69
0.84
0.55

/> = .O3

l.OOt
0.91
0.76
0.50

P = .0O9

l.OOt
0.87
0.58
0.52

P = .00\

l.OOt
0.74
0.51
0.48

/><.001

l.OOt
0.91
1.16
1.03

P = -55 (+)

Adjusted*

95% confidence interval

0.56-1.36
0.44-1.12
0.33-0.86

0.44-1.09
0.54-1.32
0.34-0.88

0.58-1.42
0.48-1.21
0.31-0.82

0.56-1.36
0.36-0.92
0.32-0.85

0.48-1.15
0.32-0.81
0.30-0.78

0.56-1.47
0.73-1.84
0.64-1.65

•Adjusted for age, education, age at first birth, age at menarche, first-degree relative with breast cancer, previous benign breast disease, body mass index, and
kilocalories by residuals (33); quartile cutoffs shown are without adjustment for kilocalories.

tReferent group.
%P value for trend calculated from coefficient from logistic regression adjusted as above with nutrient as a continuous variable; values are negative unless other-

wise indicated; (+) = positive.

weaker, with all fourth quartile CIs including the null value. For
(3-carotene and for lutein + zeaxanthin, there remained evidence
of a statistically significant negative trend after adjusting for
total vegetable intake, although CIs for fourth quartile ORs in-
cluded the null.

In Table 7 are shown estimates of risk associated with vege-
table intake after adjusting for the other dietary components.
Adjusting for vitamin C, a-tocopherol, folic acid, dietary fiber,
or a-carotene did not substantially alter the relation of intake of
vegetables to risk; trends remained strong. However, adjusting
for p-carotene or lutein + zeaxanthin resulted in less strong risk
estimates for vegetable intake. Fourth quartile ORs (95% CIs)
were 0.84 (0.43-1.63) and 0.76 (0.41-1.44), and P values for
trend were .24 and .15, respectively.

Discussion

In this case-control study of premenopausal breast cancer, we
found a strong protective effect associated with usual intake of

vegetables and a less strong association with fruit intake.

Among individual nutrients and other food components found in

vegetables and fruits, we observed reductions in risk associated

with vitamin C, a-tocopherol, folic acid, a-carotene, (3-carotene,

lutein + zeaxanthin, and fiber from vegetables and fruits. The ef-

fect of increased intake appeared similar for most of these, al-

though there was some indication that p-carotene and lutein +

zeaxanthin were more independently related to risk than were

the other factors. No association with risk was observed for p-

cryptoxanthin, lycopene, or grain fiber.

A number of other researchers (3-9) have found protective ef-

fects of vegetable intake for premenopausal and postmenopausal

breast cancer, although a few (10-12) have not. The results of

studies of individual nutrients associated with fruit and

vegetable intake have been mixed. Some studies have found

protective effects for vitamin A (12,1335), carotenoids (8,9,13-

18), vitamin E (36).. vitamin C (1437), and fiber (7,8,14,1537-

39). Other studies report no effect for dietary vitamin A (16,40),
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Table 4. Risk of premenopausal breast cancer associated with intake of carotenoids from fruits and vegetables: western New York, November 1986

through April 1991

Quartile

a-Carotene (|ig/day)
1 (<625)
2(626-959)
3(960-1554)
4(>1555)

Trendt

(3-Carotene (|ig/day)
1(<3965)
2 (3966-5624)
3 (5625-7945)
4(>7946)

Trendt

P-Cryptoxanthin (|ig/day)
1 (<47)
2(48-102)
3(103-185)
4(>186)

Trendy

Lycopene (ug/day)
1 (<37J5)
2(3776-5171)
3(5172-7122)
4(>7123)

Trendt

Lutein + zeaxanthin (|ig/day)
1 (<3652)
2 (3653-5036)
3(5037-7161)
4(>7162)

Trendt

i>O. 01
case patients

108
68
62
59

99
77
68
53

81
71
69
76

98
62
58
79

103
75
71
48

Mn nf
lNO. OI

control subjects

78
78
77
78

79
77
77
78

78
78
78
77

80
78
76
77

79
79
76
77

Crude
odds ratio

l.OOt
0.63
0.58
0.55

l.OOt
0.80
0.70
0.54

l.OOt
0.88
0.85
0.95

l.OOt
0.65
0.62
0.84

l.OOt
0.73
0.72
0.48

Odds radio

l.OOt
0.82
0.77
0.67

P= .002

l.OOt
0.78
0.65
0.46

P<.00\

l.OOt
0.87
1.02
1.05

P = .89 (+)

l.OOt
1.01
0.64
0.87

P = .24

l.OOt
1.01
0.79
0.47

P<.00\

Adjusted*

95% confidence interval

0.52-1.28
0.48-1.22
0.42-1.08

0.50-1.21
0.41-1.03
0.28-0.74

0.54-1.39
0.64-1.62
0.65-1.67

0.64-1.57
0.40-1.04
0.55-1.39

0.65-1.56
0.50-1.25
0.28-0.77

*Adjusted for age, education, age at first birth, age at menarche, first-degree relative with breast cancer, previous benign breast disease, body mass index, and
kilocalories by residuals (33); quartile cutoffs shown are without adjustment for kilocalories.

tReferent group.
%P value for trend calculated from coefficient from logistic regression adjusted as above with nutrient as a continuous variable; values are negative unless other-

wise indicated; (+) = positive.

Table 5. Risk of premenopausal breast cancer associated with vitamin supplement intake: western New York, November 1986 through April 1991

Quartile

Vitamin C daily (mg)
1(0)
2(1-47)
3(48-263)
4(>264)

Trend§

a-Tocopherol daily (mg)
1(0)
2(1-29)
3(30)
4(>3I)

Trend§

Folic acid daily (ug)
1(0)
2(1-399)
3 (>400)

Trend§

No. of
case patients*

134
37
59
60

141
36
64
50

154
42
96

No. of
control subjects*

139
43
66
60

153
49
59
48

159
55
96

Crude
odds ratio

1.00$
0.89
0.93
1.04

l.OOt
0.80
1.18
1.13

l.OOt
0.79
1.03

Odds ratio

1.00+
0.87
0.89
0.98

P = .81

l.OOt
0.76
1.04
0.95

P = .99

l.OOt
0.81
0.97

/> = .98

Adjustedt

95% confidence interval

0.52-1.48
0.57-1.39
0.62-1.54

0.46-1.27
0.67-1.62
0.58-1.55

0.50-1.30
0.67-1.42

*Total numbers of case patients and of control subjects differ from the rest of the study because of missing values for supplement use for some participants.
tAdjusted for age, education, age at first birth, age at menarche. first-degree relative with breast cancer, previous benign breast disease, body mass index, and

dietary intake of that nutrient.
tReferent group.
§/> value for trend calculated from coefficient from logistic regression adjusted as above with nutrient as a continuous variable; values are negative unless other-

wise indicated.
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Table 6. Risk of premenopausal breast cancer associated with several dietary components, adjusting for total vegetable intake: western New York. November 1986
through April 1991

Dietary component

Odds ratios (95% confidence interval)*

Second quartile Third quartile Fourth quartile Trendt

Vitamin C
a-Tocopherol
Folic acid
Dietary fiber
a-Carotene
p-Carotene
Lutein + zeaxanthin

1.01 (0.64-
0.71 (0.45-
1.05(0.66-
0.97 (0.62-
0.87 (0.55-
0.86(0.55-
1.14(0.72-

.59)

.13)

.67)

.53)

.38)

.35)

.80)

0.90 (0.54-
0.94 (0.60-
0.94 (0.58-
0.71 (0.43-
0.96(0.59-
0.80(0.48-
1.01 (0.61-

.48)

.49)

.52)

.16)

.57)

.33)

.67)

0.85(0.47-1
0.71(0.43-1
0.76(0.43-1
0.81 (0.45-1
1.06(0.62-1
0.71 (0.38-1
0.74(0.39-1

.55)

.17)

.37)

.46)

.81)
•34)

.42)

.46 (+)
.34
.50
.09
.18
.02?
.04+

*Adjusted for age. education, age at first birth, age at menarche, first-degree relative with breast cancer, previous benign breast disease, body mass index,
kilocalories by residuals (33), and total vegetable intake.

t/" value for trend calculated from the coefficient from logistic regression adjusted as above with the dietary component as a continuous variable: values are nega-
tive unless otherwise indicated; (+) = positive.

^Cautious interpretation of this trend is in order, since confidence intervals for fourth quartile ORs included the null.

carotenoids {11,36,40), vitamin E (7,11,13), vitamin C (12,13),

or fiber (41).

Plausible mechanisms of action can be proposed for each of
the observed associations. The action of vitamin C may be re-
lated to its function as an antioxidant and to its action on the im-
mune system. In a meta-analysis of breast cancer case-control
studies, Howe et al. (42) found the most consistent decrease in
risk associated with vitamin C intake, although the effect was
more pronounced for postmenopausal women than for
premenopausal women. In the Nurses' Health Study (13), no ef-
fect of vitamin C was found. While we found a decreased risk
associated with vitamin C from foods, no such effect was seen
for vitamin C supplements. Rohan et al. (7) also found no effect
of vitamin C supplementation. These results suggest that the ob-
served effect may be the result of other factors associated with
vitamin C, that the vitamin C has an effect only in combination
with other food components, or that intake at the level of sup-
plementation does not affect risk.

Vitamin E could have a role in inhibiting cancer via its action
as an antioxidant, as well as its potential effects on selenium,
nitrosamine formation, and expression of certain oncogenes
(43). We found a drop in risk associated with food sources of
vitamin E but again not with supplements. Vitamin E is found
concentrated in foods such as oils and grains, which were not in-
cluded in the vegetable index. When vitamin E was adjusted for

that vegetable index, the risk associated with vitamin E was at-
tenuated. It appeared that the apparent protective effect was ex-
plained for the most part by vegetable intake.

Folic acid may diminish neoplastic changes. Folate is impor-
tant in methylation of thymidylate for DNA synthesis, the
biosynthesis of purines, and for DNA methylation. The latter
may affect gene regulation. There is some evidence of differen-
ces in methylation status of the estrogen receptor gene in normal
breast tissue compared with breast tumor tissue (44). Also of
potential relevance to breast cancer is the relation between fo-
late and alcohol intake. High levels of alcohol intake have been
shown to decrease folate utilization (45). In that there is
evidence suggesting that alcohol increases breast cancer risk
(46), it may be that the observed effect involves folic acid. Folic
acid has not been well studied for an effect related to breast can-
cer. We found evidence of a reduced risk associated with folic
acid; there was no effect observed for folate supplement intake.

Dietary fiber may affect breast cancer risk by decreasing
reabsorption in the gut of estrogen excreted in the biliary system
(47,48). While other studies (6,7,14,15^7-39) have found a
protective effect associated with dietary fiber for breast cancer,
none of these studies has examined fiber by food source. While
a short-term intervention with increased wheat bran resulted in
lower serum estrogen levels (49), we found the association of
risk with fiber to be confined to fiber from fruits and vegetables

Table 7. Risk of premenopausal breast cancer associated with vegetable intake, adjusting for other dietary components: western New York, November 1986
through April 1991

Odds ratios for vegetable intake (95% confidence interval)*

Adjusting component

Vitamin C
a-Tocopherol
Folic acid
Dietary fiber
a-Carotene
3-Carotene
Lutein + zeaxanthin

Second quartile

0.80(0.51-1.26)
0.81 (0.52-
0.82 (0.52-
0.83 (0.53-
0.86(0.55-
0.93 (0.59-
0.89 (0.57-

.27)

.29)

.30)

.36)

.48)

.40)

Third quartile

0.65(0.40-1.07)
0.66 (0.42-
0.69 (0.43-
0.70 (0.44-
0.72 (0.45-
0.85 (0.52-
0.84(0.51-

.05)

.10)

.12)

.16)

.41)

.38)

Fourth quartile

0.46 (0.25-0.85)
0.47 (0.29-0.78)
0.50 (0.29-0.87)
0.53(0.31-0.91)
0.60(0.34-1.06)
0.84(0.43-1.63)
0.76(0.41-1.44)

Trendt

.001
<.001

.002

.003

.01

.24

.15

*Adjusted for age, education, age at first birth, age at menarche, first-degree relative with breast cancer, previous benign breast disease, body mass index,
kilocalories by residuals (33), and each listed dietary component.

iP value for trend calculated from the coefficient from logistic regression adjusted as above with the dietary component as a continuous variable; values are nega-
tive unless otherwise indicated.
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and no protective effect associated with grain fiber intake. Fruit
and vegetable fiber differs from grain fiber in its chemistry as
well as in its association of intake with other vegetable com-
ponents.

There has been considerable discussion of carotenoids as
potential chemopreventive agents (50). To our knowledge, no
one has examined individual carotenoids in diet other than (3-
carotene in relation to breast cancer epidemiology. While
dietary intake of the carotenoids tends to be associated, the
carotenoids do differ in their antioxidant activities, in their
provitamin A capacity, and in their food sources (50). In this
population, we found the protective effect to be limited to a-
carotene, P-carotene, and lutein + zeaxanthin; p-cryptoxanthin
and lycopene were not associated with risk. While there was a
weak protective effect associated with tomato intake for the
query related to intake of tomatoes either raw or cooked, the
lycopene index included a number of other foods that were not
found to be related to risk. In an examination of risk in relation
to blood carotenoids, Potischman et al. (16) also found a protec-
tive effect associated with (3-carotene levels but not with a-
carotene or lycopene levels. The major sources of (3-carotene in
U.S. diets are carrots, cantaloupe, and broccoli; spinach, other
greens, and broccoli are major contributors of lutein + zeaxan-
thin (29). This finding of a lack of an effect of lycopene might
argue against the mechanism of action of carotenoids being an
antioxidant effect; the singlet oxygen quenching by lycopene
appears to be substantially higher than that of p-carotene (5/). It
may also be that the other dietary contributors to lycopene,
items including pizza, lasagna, and spaghetti (items which were
not associated with risk in this study), may be related in some
other way, either in terms of the other ingredients or in terms of
associated behaviors, to factors that are not protective. While the
lack of an effect associated with P-cryptoxanthin intake may
have been because of low variation in intake, it would also
argue against the action being a vitamin A effect in that our data
showed that P-cryptoxanthin, which also has provitamin ac-
tivity, did not appear to decrease risk. Furthermore, we did not
see any effect of preformed retinol. Other investigators (8) have
found retinol intakes both from diet and from supplements to be
related to a reduced risk. Carotenoids may also act via effects on
mutagenicity, tumor formation, and immune function (52).

It appears that vegetables exert a protective effect inde-
pendent of vitamin C, a-tocopherol, folic acid, and fiber. After
adjustment for the carotenoids p-carotene and lutein + zeaxan-
thin, the effect of vegetables was less strong, with fourth quar-
tile ORs on the order of 0.80 rather than 0.50. When these same
dietary components were entered in a model in turn adjusting
for total vegetable intake, estimates of associated risks were
considerably less strong (all fourth quartile ORs including the
null), although there was evidence of a trend associated with
both P-carotene intake and lutein + zeaxanthin intake. It appears
that, while each of the examined components may affect risk,
there probably remains some unexplained protection attributable
to total intake of vegetables. Intake of the carotenoids P-
carotene and lutein + zeaxanthin may explain that protective ef-
fect, at least in part. Other unmeasured factors in these foods
may also affect risk. Some effect specific to combinations of
components found in foods, perhaps a synergistic effect, may be

important. For example, there is evidence of synergistic effects
of a-tocopherol and p-carotene (50). Certainly, the lack of as-
sociation with supplements seems to indicate that, at least for
vitamin C, a-tocopherol, and folic acid, ingestion of these
nutrients alone, at the level of supplementation, does not have
an effect. Numerous other substances in vegetables and fruits
may affect risk (43). These substances could include indoles,
sterols, isoprenoids, and isoflavonoids. Several of these may af-
fect estrogen metabolism, availability, and excretion (53-57) as
well as immune function (58), and they may have other effects
on tumorigenesis (59). These substances have not been studied
in relation to human breast cancer epidemiology; food composi-
tion data for these substances are generally limited or nonex-
istent, preventing the evaluation of their relation to risk.

In the evaluation of our results, the issues of bias common to
case-control studies must be recognized. This study was de-
signed to be population based, with ascertainment of virtually
all the cases in the two counties in the time period of the study.
There was, however, an issue of nonparticipation among both
case patients and control subjects. For case patients, failure to
participate was primarily related to refusal of the physicians to
allow us to contact their patients. Such refusals were most
probably related more to characteristics of the physicians than to
those of the patients. Nonetheless, it may be that individuals
with more advanced disease were not included; these results
would not then generalize to that group. Control subjects were
also selected to be representative of the two counties of the
study. While there was considerable nonparticipation among
control subjects, our study of nonparticipants would seem to in-
dicate that diet was not related to failure to participate. There
were, however, individuals who refused to participate in both
the case-control study and the study of nonparticipants. It may
be that these individuals differed from the participants and that
there was bias which we were unable to detect.

Differences among case patients and control subjects in their
ability to accurately recall past dietary practices is of concern in
any case-control study. In studies examining this issue, there is
evidence that recall bias may not affect results. Friedenreich et
al. (60) found virtually no difference in prospective and
retrospective assessments of intakes of p-carotene, vitamin C,
and vitamin E with regard to evaluation of breast cancer risk. In
addition, there was no difference in reliability of case patients
compared with control subjects for recall of supplement use. In
a second similar study by Giovannucci et al. (61), there was lit-
tle difference in estimates of risk based on prospective as op-
posed to retrospective assessments of intake for vitamin C and
P-carotene; however, the two assessments were substantially
different for fiber.

Random measurement error in estimation of usual intake is
also of concern. Such error would tend to attenuate the estimate
of the true risk (62,63). The questionnaire used in this study has
been evaluated extensively: while there may be an error in es-
timation of intake, there is evidence that we are able to rank in-
dividuals with some accuracy (21). The questionnaire was
extremely detailed in nature, eliciting far more information than
is common in most epidemiologic studies of diet and cancer;
data were collected with regard to food portion size, food
preparation, use of food in and out of season, and use of canned,
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frozen, and fresh fruits and vegetables. The detail involved
provides some credence to the resulting data. Nonetheless, some
caution should be observed in interpretation of the quantities
reported by the participants; food-frequency questionnaires are
less accurate in terms of quantitative assessment of intake.

While there has been considerable focus on the role of fat in
the etiology of breast cancer, less attention has been paid to
evidence that vegetables and fruits and related nutrients and
food components may be associated with decreased risk of this
disease. The ecologic evidence relating fat to breast cancer
could in fact be explained by associated differences in consump-
tion of fruits and vegetables. Our study would suggest that,
while any of several nutrients and dietary components may be
related to decreased risk, total vegetable consumption may be
the active protective agent. These results are interesting in light
of the recent failure of supplementation trials of individual
nutrients (64-66). Given the results of those trials, the findings
regarding the individual carotenoids (3-carotene and lutein +
zeaxanthin need to be considered cautiously. Our findings
suggest that further research is needed to address the effects of
non-nutritive substances in vegetables and fruits, such as iso-
flavonoids, indoles, and isoprenoids. Nonetheless, if evidence
continues to accumulate indicating that intake of vegetables and
fruits, particularly vegetables, is protective against breast can-
cer, a public health message encouraging consumption of these
would be appropriate even without a complete understanding of
the underlying mechanism of action. Such a result could have
considerable relevance to prevention of a disease affecting large
numbers of women.

References

(/) Kelsey JL. Horn-Ross PL. Breast cancer: magnitude of the problem and
descriptive epidemiology. Epidemiol Rev 1993:15:7-16.

(2) Hunter DJ. Willett WC. Diet, body size, and breast cancer. Epidemiol Rev
1993;15:l 10-32.

(3) Pawlega J. Breast cancer and smoking, vodka drinking and dietary habits.
A case-control study. Acta Oncol 1992;31:387-92.

(4) Katsouyanni K. Trichopoulos D, Boyle P, Xirouchaki E. Trichopoulou A.
Lisseos B, et al. Diet and breast cancer: a case-control study in Greece. Int
J Cancer 1986:38:815-20.

(5) La Vecchia C. Decarli A. Franceschi S. Gentile A, Negri E. Parazzini F.
Dietary factors and the risk of breast cancer. Nutr Cancer 1987:10:205-14.

(6) Ingram DM. Nottage E, Roberts T. The role of diet in the development of
breast cancer: a case-control study of patients with breast cancer, benign
epithelial hyperplasia and fibrocystic disease of the breast. Br J Cancer
1991:64:187-91.

(7) Rohan TE, Howe GR, Friedenreich CM, Jain M. Miller AB. Dietary fiber,
vitamins A, C, and E, and risk of breast cancer: a cohort study. Cancer
Causes Control 1993:4:29-37.

(8) Iscovich JM, Iscovich RB. Howe G, Shiboski S, Kaldor JM. A case-con-
trol study of diet and breast cancer in Argentina. Int J Cancer 1989:44:770-
6.

(9) Levi F, La Vecchia C, Gulie C, Negri E. Dietary factors and breast cancer
risk in Vaud, Switzerland. Nutr Cancer 1993; 19:327-35.

(10) Ewertz M, Gill C. Dietary factors and breast-cancer risk in Denmark. Int J
Cancer 1990;46:779-84.

(//) Richardson S.Gerber M. Cenee S. The role of fat, animal protein and some
vitamin consumption in breast cancer: a case control study in southern
France. Int J Cancer 1991 ;48:1 -9.

(12) Graham S. Marshall J. Metllin C. Rzepka T. Nemoto T. Byers T. Diet in
the epidemiology of breast cancer. Am J Epidemiol 1982; 116:68-75.

(13) Hunter DJ, Manson JE, Colditz GA, Stampfer MJ, Rosner B, Hennekens
CH, et al. A prospective study of the intake of vitamins C, E, and A and
the risk of breast cancer [see comment citation in Medline]. N Engl J Med
1993:329:234-40.

(14) Graham S. Hellmann R. Marshall J. Freudenheim J. Vena J. Swanson M.
et al. Nutritional epidemiology of postmenopausal breast cancer in
Western New York [see comment citation in Medline]. Am J Epidemiol
1991: 134:552-66.

(15) Rohan TE. McMichael AJ. Baghurst PA. A population-based case-control
study of diet and breast cancer in Australia. Am J Epidemiol 1988:128:
478-89.

(16) Potischman N. McCulloch CE. Byers T. Nemoto T. Stubbe N. Milch R. et
al. Breast cancer and dietary and plasma concentrations of carotenoids and
vitamin A. Am J Clin Nutr 1990:52:909-15.

(17) Holmberg L. Ohlander EM. Byers T. Zack M. Wolk A. Bergstrom R. et al.
Diet and breast cancer risk. Results from a population-based, case-control
study in Sweden. Arch Intern Med 1994:154:1805-11.

(IS) Lee HP. Gourley L. Duffy SW. Esteve J. Lee J. Day NE. Dietary effects on
breast-cancer risk in Singapore [see comment citation in Medline]. Lancet
1991:337:1197-200.

(19) Byers TE. Graham S. Haughey BP. Marshall JR. Swanson MK. Diet and
lung cancer risk: findings from the Western New York Diet Study. Am J
Epidemiol 1987:125:35 T-63.

(20) Byers T. Marshall J. Anthony E. Fiedler R. Zielezny M. The reliability of
dietary history from the distant past [published erratum appears in Am J
Epidemiol 1987:126:1220]. Am J Epidemiol 1987:125:999-1011.

(2/) Marshall J, Priore R, Haughey B. Rzepka T. Graham S. Spouse-subject in-
terviews and the reliability of diet studies. Am J Epidemiol 1980:112:675-
83.

(22) US Department of Agriculture. Composition of foods. Washington (DC):
US Govt Print Off. 1976-1989 (Agriculture Handbook 8. revisions 8.1-
8.17.8.21).

(23) US Department of Agriculture. Nutritive value of American foods in com-
mon units. Washington (DC): US Govt Print Off, 1975 (Agriculture Hand-
book 456).

(24) Paul A, Southgate D. McCance and Widdowson's the composition of
foods. New York: Elsevier/North-Holland Biomedical Press. 1978.

(25) Pennington JA. Bowes and Church's food values of portions commonly
used. Philadelphia: Lippincott. 1989.

(26) Pennington JA, Church HN. Bowes and Church's food values of portions
commonly used. New York: Harper & Row, 1985.

(27) Spiller GA. editor. Handbook of dietary fiber in human nutrition. Boca
Raton (FL): CRC Press, 1986.

(28) Mangels AR, Holden JM, Beecher GR. Forman MR. Lanza E. Carotenoid
content of fruits and vegetables: an evaluation of analytic data [published
erratum appears in J Am Diet Assoc 1993:93:527]. J Am Diet Assoc 1993:
93:284-96.

(29) Chug-Ahuja JK, Holden JM, Forman MR, Mangels AR. Beecher GR.
Lanza E. The development and application of a carotenoid database for
fruits, vegetables, and selected multicomponent foods. J Am Diet Assoc
1993:93:318-23.

(30) Forman MR. Lanza E. Yong LC. Holden JM. Graubard BI. Beecher GR. et
al. The correlation between two dietary assessments of carotenoid intake
and plasma carotenoid concentrations: application of a carotenoid food-
composition database. Am J Clin Nutr 1993:58:519-24.

(31) Breslow NE. Day NE. Statistical methods in cancer research. Vol. 1. The
analysis of case-control studies. Lyon. France: International Agency for
Cancer Research. 1980.1 ARC Sci Publ No. 32.

(32) Rothman KJ. Modern epidemiology. Boston: Little. Brown. 1986.
(33) Willett WC. Stampfer MJ. Total energy intake: implications for

epidemiologic analyses [see comment citations in Medline]. Am J
Epidemiol 1986:124:17-27.

(34) Freudenheim JL. A review of study designs and methods of dietary assess-
ment in nutritional epidemiology of chronic disease. J Nutr 1993:123(2
Suppl):401-5.

(35) Katsouyanni K. Willett W. Trichopoulos D. Boyle P. Trichopoulou A.
Vasilaros S, et al. Risk of breast cancer among Greek women in relation to
nutrient intake. Cancer 1988:61:181 -5.

(36) London SJ. Stein EA. Henderson IC. Stampfer MJ. Wood WC. Remine S.
et al. Carotenoids, retinol. and vitamin E and risk of proliferative benign
breast disease and breast cancer. Cancer Causes Control 1992:3:503-12.

(37) Zaridze D, Lifanova Y, Maximovitch D. Day NE. Duffy SW. Diet, alcohol
consumption and reproductive factors in a case-control study of breast can-
cer in Moscow. Int J Cancer 1991:48:493-501.

(38) Lubin F, Wax Y, Modan B. Role of fat. animal protein, and dietary fiber in
breast cancer etiology: a case-control study. J Natl Cancer Inst
1986:77:605-12.

(39) Van t Veer P. Kolb CM. Verhoef P, Kok FJ. Schouten EG. Hermus RJ. et
al. Dietary fiber, beta-carotene and breast cancer: results from a case-con-
trol study. Int J Cancer 1990:45:825-8.

(40) Marubini E, Decarli A. Costa A. Mazzoleni C. Andreoli C. Barbieri A. et
al. The relationship of dietary intake and serum levels of retinol and beta-

Journal of the National Cancer Institute, Vol. 88, No. 6, March 20, 1996 ARTICLE 347

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
c
i/a

rtic
le

/8
8
/6

/3
4
0
/1

0
0
4
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2



carotene with breast cancer. Results of a case-control study. Cancer
1988:61:173-80.

(41) Willett WC, Hunter DJ, Stampfer MJ, Colditz G, Manson JE, Spiegelman
D. et al. Dietary fat and fiber in relation to risk of breast cancer. An 8-year
follow-up [see comment citations in Medline]. JAMA 1992:268:2037-44.

(42) Howe GR, Hirohata T, Hislop TG, Iscovich MJ, Yuan JM, Katsouyanni K,
et al. Dietary factors and risk of breast cancer: combined analysis of 12
case-control studies [see comment citation in Medline]. J Natl Cancer Inst
1990:82:561-9.

(43) Steinmetz KA. Potter JD. Vegetables, fruit, and cancer. II. Mechanisms.
Cancer Causes Control 1991 ;2:427-42.

(44) Falette NS. Fuqua SA, Chamness GC, Cheah MS, Greene GL, McGuire
WL. Estrogen receptor gene methylation in human breast tumors. Cancer
Res 1990:50:3974-8.

(45) Herbert V. Das KC. Folic acid and vitamin Bi2. In: Shils ME, Olson JA,
Shike M, editors. Modem nutrition in health and disease, 8th ed. Philadel-
phia: Lea & Febiger, 1994:402-25.

(46) Longnecker MP, Berlin JA, Orza MJ, Chalmers TC. A meta-analysis of
alcohol consumption in relation to risk of breast cancer. JAMA 1988;
260:652-6.

(47) Rose DP. Dietary fiber and breast cancer. Nutr Cancer 1990; 13:1-8.
(48) Woods MN, Gorbach SL, Longcope C, Goldin BR, Dwyer JT, Morrill-

LaBrode A. Low-fat, high-fiber diet and serum estrone sulfale in
premenopausal women. Am J Clin Nutr 1989;49:1179-83.

(49) Rose DP, Goldman M, Connolly JM. Strong LE. High-fiber diet reduces
serum estrogen concentrations in premenopausal women. Am J Clin Nutr
1991:54:520-5.

(50) Krinsky NI. Actions of carotenoids in biological systems. Annu Rev Nutr
1993:13:561-87.

(5/) Di Mascio P, Murphy ME, Sies H. Antioxidant defense systems: the role of
carotenoids, tocopherols, and thiols. Am J Clin Nutr I991;53:194S-2OOS.

(52) Krinsky NI. Effects of carotenoids in cellular and animal systems. Am J
Clin Nutr 1991 ;53:238S-46S.

(53) Adlercreutz H, Mousavi Y, Clark J, Hockerstedt K, Hamalainen E, Wahala
K. et al. Dietary phytoestrogens and cancer: in vitro and in vivo studies. J
Steroid Biochem Mol Biol 1992:41:331-7.

(5.4) Adlercreutz H, Bannwart C, Wahala K, Makela T, Brunow G, Hase T, et
al. Inhibition of human aromatase by mammalian lignans and isoflavonoid
phytoestrogens. J Steroid Biochem Mol Biol 1993:44:147-53.

(55) Michnovicz JJ, Bradlow HL. Altered estrogen metabolism and excretion in
humans following consumption of indole-3-carbinol. Nutr Cancer 1991; 16:
59-66.

(56) Tiwari RK, Guo L, Bradlow HL, Telang NT, Osborne MP. Selective
responsiveness of human breast cancer cells to indole-3-carbinol, a chemo-
preventive agent. J Natl Cancer Inst 1994;86:126-31.

(57) Goldin BR, Gorbach SL. Effect of diet on the plasma levels, metabolism,
and excretion of estrogens. Am J Clin Nutr 1988;48:787-90.

(58) Middleton E, Kandaswami C. The impact of plant flavonoids on mam-
malian biology: implications for immunity, inflammation and cancer. In:
Harbome JB, editor. The flavonoids: advances in research since 1986.
London: Chapman and Hall, 1993:619-52.

(59) Elson CE, Yu SG. The chemoprevention of cancer by mevalonate-derived
constituents of fruits and vegetables. J Nutr 1994; 124:607-14.

(60) Friedenreich CM, Howe GR, Miller AB. Recall bias in the association
of micronutrient intake and breast cancer. J Clin Epidemiol 1993;46:
1009-17.

(61) Giovannucci E, Stampfer MJ, Colditz GA, Manson JE, Rosner BA,
Longnecker M, et al. A comparison of prospective and retrospective as-
sessments of diet in the study of breast cancer [see comment citation in
Medline]. Am J Epidemiol 1993; 137:502-11.

(62) Marshall JR, Priore R, Graham S, Brasure J. On the distortion of risk es-
timates in multiple exposure level case-control studies. Am J Epidemiol
1981;113:464-73.

(63) Freudenheim JL, Marshall JR. The problem of profound mismeasurement
and the power of epidemiological studies of diet and cancer. Nutr Cancer
1988; 11:243-50.

(64) The effect of vitamin E and beta carotene on the incidence of lung cancer
and other cancers in male smokers. The Alpha-Tocopherol, Beta Carotene
Cancer Prevention Study Group [see comment citations in Medline]. N
EnglJMed 1994;330:1029-35.

(65) Greenberg ER, Baron JA, Tosteson TD, Freeman DH Jr, Beck GH, Bond
JH, et al. A clinical trial of antioxidant vitamins to prevent colorectal
adenoma. Polyp Prevention Study Group [see comment citations in Med-
line]. N Engl J Med 1994;331:141-7.

(66) Greenberg ER, Baron JA, Stukel TA, Stevens MM, Mandel JS, Spencer
SK, et al. A clinical trial of beta carotene to prevent basal-cell and
squamous-cell cancers of the skin. The Skin Cancer Prevention Study
Group [published erratum appears in N Engl J Med 1991;325:1324] [see
comment citations in Medline]. N Engl J Med 1990:323:789-95.

Notes

Supported in part by Public Health Service (PHS) grant CA11535 from the
National Cancer Institute (NCI), National Institutes of Health, Department of
Health and Human Services. Dr. Freudenheim is the recipient of PHS Research
Career Development Award CA01633 from the NCI.

Manuscript received July 11, 1995: revised September 25, 1995; accepted
December 13, 1995.

Quit smoking and
improve your circulation*

It's never
too late to quit smoking.

Call 1'800-4-CANCER.

348 ARTICLE Journal of the National Cancer Institute, Vol. 88, No. 6, March 20, 1996

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
s
://a

c
a
d
e
m

ic
.o

u
p
.c

o
m

/jn
c
i/a

rtic
le

/8
8
/6

/3
4
0
/1

0
0
4
9
1
3
 b

y
 U

.S
. D

e
p
a
rtm

e
n
t o

f J
u
s
tic

e
 u

s
e
r o

n
 1

6
 A

u
g
u
s
t 2

0
2
2


