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Greater vegetable and fruit intake is associated with a lower risk of breast
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The effect of vegetable and fruit consumption on breast cancer
risk is controversial. We examined the association between vegetable and fruit intake and breast cancer risk in a hospital-based
case–control study conducted in Guangdong, China. Four hundred and thirty-eight cases were frequency matched to 438 controls by age (5-year interval) and residence (rural/urban). Dietary
intake was assessed by face-to-face interviews using a validated
food frequency questionnaire. Multivariate logistic regression was
used to estimate the odds ratios (ORs) and 95% conﬁdence interval (CI) after adjusting for various potential confounders. Total
vegetable and fruit intake was found to be inversely associated
with breast cancer risk. The ORs of the highest quartile relative to
the lowest quartile of total vegetable and fruit intake were 0.28
(95% CI 0.18–0.43) and 0.53 (95% CI 0.34–0.82), respectively.
Consumption of individual vegetable and fruit groups such as
dark green leafy vegetables, cruciferous vegetables, carrots and
tomatoes, banana, watermelon/papaya/cantaloupe were all inversely and signiﬁcantly related with breast cancer risk. An inverse
association was also observed for vitamin A, carotene, vitamin C,
vitamin E, and ﬁber intake. These data indicate that greater
intake of vegetables and fruits is associated with a decreased risk
of breast cancer among Chinese women residing in Guangdong.
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Vegetables and fruits may play a protective role against the development of cancer, including breast cancer. There are many biologically plausible reasons for this, including the presence in vegetables and fruits the potentially anticarcinogenic substances such
as carotenoids, vitamin C, vitamin E, dithiolthiones, isoﬂavones,
and isothiocyanates.
The ﬁndings of epidemiological studies of the association
between vegetable and fruit intake and breast cancer risk are
inconclusive. Some studies have found the protective effects of
total vegetable1–5 or total fruit intake1,3–6 against breast cancer,
whereas others have not found evidence of their protective role.7–14
A few studies have reported that speciﬁc types of vegetables3,10,11,14–18 or fruits11,14 are associated with a reduction in
breast cancer risk. However, most of these studies have been performed in Western countries.
Chinese populations generally have a diet rich in vegetables and
fruits, but low in animal protein.19 Elucidation of the association
between vegetable and fruit consumption and breast cancer would
therefore be valuable. To date, only two studies have examined
the relationship between vegetable and fruit intake and breast cancer risk in China.5,11 Both were conducted in Shanghai, which is
located in the Eastern part of China. Being a vast country, lifestyle, food availability and dietary habits vary substantially across
the different geographic regions of China. For example, the consumption of dark green leafy vegetables is much higher in the
South than in other regions.20 Thus, further studies in different
localities will help elicit the role of vegetable and fruit intake in
breast cancer risk.
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This study was speciﬁcally designed to evaluate the relationship
between diet and breast cancer risk in Chinese women residing in
Guangdong, in particular the role of total and speciﬁc vegetable
and fruit intake.
Material and methods
Study subjects
Potential case subjects were recruited during June 2007 to August 2008 from patients admitted to the surgical units of two afﬁliated hospitals of Sun Yat-sen University, Guangzhou, China.
Inclusion criteria were female subjects aged 25 to 70 years and
natives of the province of Guangdong or having lived in Guangdong for at least 5 years, with incident, primary, histologically
conﬁrmed breast cancer diagnosed no more than 3 months before
the interview. Women were excluded if they could not understand
or speak Mandarin/Cantonese or with prior history of breast cancer or other cancers. A total of 455 eligible cases were identiﬁed
and 438 were interviewed, yielding a participation rate of 96%.
Twelve patients did not ﬁnish the interview because of lengthy
questionnaire or fatigue and the remaining ﬁve refused to
participate.
Control subjects were patients with no history of cancer and
admitted to the same hospitals during the same time period as the
case subjects. They were frequency matched by age (5-year interval) and residence (rural/urban) to the case patients. These patients
presented with the following diseases, by category and in descending order: glaucoma/uveitis/keratitis/pterygium/dacryocystitis/
optic neuritis (191, 43.6%), sudden deafness/acute bacterial/viral
otitis media (94, 21.5%), sinusitis/deviation of nasal septum (68,
15.5%), varicose veins (29, 6.6%), traumatic skeletal disorders/
osteoarthritis/degenerate joint disease (27, 6.2%), orthopedics (18,
4.1%), tonsillitis (5, 1.1%), trifacial neuralgia (4, 0.9%) and acute
appendicitis (2, 0.5%). They were selected from the departments
of Ophthalmology, Plastic and Reconstructive Surgery, Vascular
Surgery, Ear-Nose-Throat, and Orthopedics and Microsurgery. In
total, 448 controls were identiﬁed and 10 (2%) controls invited to
take part in the study during their hospital stay refused to be interviewed.
Data collection
Trained interviewers conducted face-to-face interviews using a
structured questionnaire to collect information on dietary habits
and potential confounding factors. The subjects took, on average,
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1 hr to complete the questionnaire. Relevant medical information,
medical diagnosis, histological ﬁndings, and so forth were
abstracted from the hospital medical records. Written informed
consent was obtained from all of the participants before each interview. The Ethical Committee of the Chinese University of Hong
Kong approved the study.
Vegetable and fruit intake
Dietary data were collected using an interviewer-administered
food frequency questionnaire (FFQ) covering the habitual diet of
participants during the preceding 12 months. The FFQ consisted
of 81 food items, plus additional items related to recent dietary
changes and use of nutritional supplements. A commonly used
portion size was speciﬁed for each food (e.g., slice, glass, or unit,
such as one apple or banana). For vegetables and animal foods, a
Liang (1 Liang 5 50 g), a common weight measure familiar to the
study subjects, was used to estimate the usual portion size. Food
photographs with usual intake portions were used to help participants estimate and record the amounts of food consumed.
The validity and reproducibility of the FFQ had been evaluated
in 61 subjects recruited from the community in Guangzhou city.
Study participants completed the six 3-day diet records at intervals
of 2 months during a 12-month period and two FFQs that were
administered 1 year apart. The correlation coefﬁcients comparing
the second FFQ and the six 3-day dietary records ranged 0.25–
0.65 for nutrients and 0.30–0.68 for food groups. The mean proportion of subjects classiﬁed into the same quartile of nutrient and
food intake was 36 and 43%, respectively. The correlations
between the two FFQs were 0.46–0.71 for nutrients and 0.36–0.66
for food group items (unpublished data).
The Chinese Food Composition Table was used to estimate
energy and nutrient intakes.21 Among the 81 food items, 18 were
fresh vegetable and 12 were fruit items. The average daily intakes
of all vegetable and fruit items reported by each participant were
summed to assess the consumption of total vegetables and fruits.
We also created speciﬁc vegetable groups, including dark green
leafy vegetables (bok choy, lettuce, mustard, spinach, water spinach), cruciferous vegetables (Chinese cabbage, cabbage, broccoli,
cauliﬂower), carrots and tomatoes, allium vegetables (onion, garlic, head of garlic), mushrooms and fungi (fresh and fried mushrooms, white and black fungi), and other vegetables (cucumber,
eggplant, wax gourd, loofah, pepper, turnip, potato, sweet potato,
taro, fresh corn, bean sprouts), and fruit groups, including banana,
citrus fruits (orange, grapefruit, lemon, tangerine, pomelo), apple/
pear/peach/plum, grape/litchi/longan, and watermelon/papaya/
cantaloupe groups, and other fruits (kiwi fruit, strawberry, pineapple, mango, durian).
Potential confounding variables
A structured questionnaire was used to elicit detailed information on several potential confounding factors, including sociodemographic characteristics (age, residence, urban/rural status, marital status, occupation, education, household income), current body
weight, height, menstrual and reproductive history, use of exogenous hormones, use of contraceptive drugs, history of benign
breast disease, family history of breast cancer, physical activity,
active and passive smoking, alcohol use, and prior disease history
(including a self-reported history of diabetes, hypertension, or
high cholesterol). Body mass index (BMI) was calculated by
dividing weight (kg) by height (m2). Menopausal status was
deﬁned as at least 12 months since the last menstrual cycle.
Women were considered to be premenopausal if they were currently menstruating, or if they were not menstruating because of a
hysterectomy and younger than 50 years old. Women were deﬁned
as postmenopausal if they had either undergone a natural menopause, or surgery to remove both ovaries, or if their ovarian function was unknown but they were older than 50 years. Oral contraceptive use was classiﬁed as the use of oral contraceptives for
more than 3 months. Regular smoking was deﬁned as smoking at

least one cigarette per day for more than six consecutive months.
Regular drinking was deﬁned as alcohol drinking at least once per
week over the past year.
Statistical analysis
SPSS 13.0 was used to conduct the data analysis v2 or t tests
were used to test differences in sociodemographic and reproductive factors between the case and control subjects. Quartiles for
each dietary factor were deﬁned based on the distribution among
the controls. Unconditional logistic regression models were used
to estimate the odds ratios (ORs) and 95% conﬁdence intervals
(CI) for the association of vegetable and fruit and the selected
nutrients and breast cancer risk, using the lowest quartile as the
reference. The following variables, selected based on comparison
of baseline characteristics between cases and controls, were
adjusted for as potential confounding factors: age at menarche,
BMI, family history of breast cancer in a ﬁrst-degree relative, history of benign breast disease, physical activity, and passive smoking from a husband. Total energy intake was included in all models. Tests for trend were performed by entering the categorical
variables as continuous parameters in the models. Analyses were
also stratiﬁed by menopausal status. In this paper, all p values are
two-sided and statistical signiﬁcance was determined at the p <
0.05 level.
Results
Inﬁltrating duct carcinoma was the most common histological
type of breast carcinoma (388, 88.6%), followed by ductal carcinoma in situ (27, 6.2%), mucoid carcinoma (8, 1.8%), lobular carcinoma (5, 1.1%), neuroendocrine carcinoma (4, 0.9%), medullary
carcinoma of the breast (3, 0.7%), tubular carcinoma (2, 0.5%)
and micropapillary carcinoma (1, 0.2%). The average interval
between diagnosis and interview was 7.15 days for case subjects.
Compared to controls, case subjects had an earlier age at menarche and higher BMI (Table I). They were also more likely to
have a family history of breast cancer, history of benign breast disease, and history of passive smoking from a husband, and were
less likely to be physically active. All of the above variables were
considered potential confounders and adjusted for in subsequent
analyses. No signiﬁcant differences were found between the case
and control subjects in sociodemographic factors, including educational level, occupational status, marital status, and household
income, or in reproductive factors, including nulliparous, age at
ﬁrst live birth, number of live births, months of breast feeding, age
of menopause, and use of an oral contraceptive.
Among control subjects, the median intake of total vegetables
and total fruits were 406 and 194 g/day, respectively. More than
half of the total vegetable intake was from the dark green leafy
vegetable group. Of the total fruit intake, 43.36% was from the
apple/pear/peach/plum group (Table II). Total consumption by the
control subjects ranged from a median value of 211 g/day in the
lowest quartile to 707 g/day in the highest quartile for vegetables
and from 57 to 421g/day for fruits.
A strong inverse association was found between total vegetable
and total fruit consumption and breast cancer risk. Compared with
the lowest quartile, the highest intake quartile showed a risk
reduction of 72% for total vegetable and 47% for total fruit. An
inverse association was also observed for dark green leafy vegetables, cruciferous vegetables, carrots and tomatoes, mushrooms and
fungi, other vegetables, banana, watermelon/papaya/cantaloupe
intake. There was a modest negative association between consumption of citrus fruits, grape/litchi/longan and risk of breast
cancer. No signiﬁcant association between allium vegetables,
apple/pear/peach/plum and other fruits intake and breast cancer
risk was found (Tables III and IV). The inverse association
between total vegetable and fruit consumption and breast cancer
risk was observed in both pre- and postmenopausal women. The
adjusted ORs of the highest versus the lowest quartile were 0.24
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TABLE I – DEMOGRAPHIC AND SELECTED RISK FACTORS OF BREAST CANCER CASES AND CONTROLS IN A FEMALE CHINESE POPULATION
Case (n 5 438)

Age (yr)
25–30
31–35
36–40
41–45
46–50
51–55
56–60
61–65
66–70
Age (mean 6 SD)
Residence (n, %)
Rural
Urban
Marital Status (n, %)
Married
Unmarried/Divorced/Widowed
Educational Level (n, %)
Primary School or Below
Junior High School
Senior High School/Secondary Technical School
College or Above
Occupation (n, %)
Administrator/Other White Collar Worker
Blue Collar Worker
Farmer/Other
Income (yuan/mo) (n, %)
<2,000
2,001–5,000
5,001–8,000
>8,001
Body Mass Index, BMI (mean 6 SD)
Regular Smoker (n, %)
Passive Smoking from a Husband (n, %)
Regular Drinker (n, %)
Physical Activity (exercise for health; n, %)
Never
Occasionally
1 time/wk
Age at Menarche, yr (mean 6 SD)
Nulliparous (n, %)
Number of Live Births1 (mean 6 SD)
Age at First Live Birth1 (yr) (mean 6 SD)
Months of Breast Feeding2 (mean 6 SD)
Age at Menopause3 (yr) (mean 6 SD)
Menopausal Status (n, %)
Premenopausal
Postmenopausal
Mother/Sister/Daughter with Breast Cancer (n, %)
Ever had Benign Breast Disease (n, %)
Ever used an Oral Contraceptive (n, %)
Ever used a Nutritional Supplement (n, %)
Energy Intake, kcal/d (mean 6 SD)
Total Fat Intake, g/d (mean 6 SD)

Control (n 5 438)

p

13
40
75
84
79
61
48
26
12
47.04 6 9.53

13
40
75
84
79
61
48
26
12
47.14 6 9.58

86 (19.6)
352 (80.4)

87 (19.9)
351 (80.1)

0.932

409 (93.4)
29 (6.6)

413 (94.3)
25 (5.7)

0.574

106 (24.2)
127 (29.0)
109 (24.9)
96 (21.9)

127 (29.0)
116 (26.5)
109 (24.9)
86 (19.6)

0.401

190 (43.4)
97 (22.1)
151 (34.5)

166 (37.9)
118 (26.9)
154 (35.2)

0.157

157 (35.8)
152 (34.7)
68 (15.5)
61 (13.9)
22.92 6 3.33
7 (1.6)
202 (46.1)
12 (2.7)

161 (36.8)
149 (34.0)
59 (13.5)
69 (15.8)
22.46 6 3.05
2 (0.4)
170 (38.8)
10 (2.3)

0.751

170 (38.8)
46 (10.5)
222 (50.7)
14.82 6 1.88
17 (3.9)
1.98 6 1.12
25.58 6 3.42
21.56 6 17.66
49.33 6 3.96

139 (31.7)
35 (8.0)
264 (60.3)
15.11 6 1.84
19 (4.3)
2.03 6 1.20
25.15 6 3.45
22.13 6 17.70
49.06 6 3.93

0.016

306 (69.9)
132 (30.1)
17 (3.9)
177 (40.4)
27 (6.2)
70 (16.0)
1463.68 6 430.25
29.40 6 16.29

295 (67.4)
143 (32.6)
4 (0.9)
84 (19.2)
21 (4.8)
80 (18.3)
1504.47 6 429.42
30.63 6 16.09

0.423

0.875

0.038
0.094
0.029
0.666

0.019
0.734
0.532
0.074
0.658
0.579

0.004
<0.001
0.373
0.370
0.160
0.259

1

Among women who have had a live birth.–2Among women who have breast fed.–3Among menopausal women.

(95%CI 5 0.14–0.40, trend test p < 0.001) for total vegetables
and 0.72 (95%CI 5 0.43–1.21, trend test p 5 0.079) for total fruits
among premenopausal women, 0.32 (95%CI 5 0.14–0.73, trend
test p 5 0.004) for total vegetables and 0.27 (95%CI 5 0.12–0.62,
trend test p 5 0.001) for total fruits among postmenopausal
women (data not shown).
The ORs associated with intake of selected micronutrients are
shown in Table V. Signiﬁcant inverse associations were found
between ﬁber, vitamin A, vitamin E, vitamin C, and carotene
intake and breast cancer risk. Retinol had no signiﬁcant riskreducing effect.
We next explored whether the effect of vegetables and fruits on
breast cancer risk could be explained by antioxidants and ﬁber.
We added each nutrient in the model one at a time and in combination to examine whether the primary association with vegetable

or fruit intake could be explained by nutrient intake. The inverse
association between the consumption of vegetables and breast cancer risk became attenuated when the model included ﬁber, vitamin
C, carotene, vitamin E, and vitamin A, or all antioxidants and ﬁber
together. The ORs across quartiles of vegetable intake were 1.00,
0.62, 0.46 and 0.40 (trend test p 5 0.032) in the analysis, adjusting
for ﬁber and all antioxidants. For fruits, however, adjusting for
ﬁber attenuated the risk estimates, with an OR (95% CI) of 0.95
(0.58–1.58) comparing the fourth quartile with the ﬁrst quartile
(trend test p 5 0.521) (Table VI).
Because patients with diabetes, hypertension, or high cholesterol might have changed their fruit and vegetable intake following their diagnosis, we conducted analyses excluding women with
diabetes, hypertension or high cholesterol and found the results
were not materially different. Ductal carcinoma was the most fre-
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TABLE II – INTAKE OF VEGETABLES AND FRUITS AMONG CONTROL SUBJECTS (G/D), GUANGDONG, CHINA

Total Vegetable
Dark Green Leafy Vegetables1
Cruciferous Vegetables2
Carrots and Tomatoes
Allium Vegetables3
Mushrooms and Fungi4
Other Vegetables5
Total Fruits
Citrus Fruits6
Apple/Pear/Peach/Plum
Banana
Grape/Litchi/Longan
Watermelon/Papaya/Cantaloupe
Other Fruits7

Mean

SD

Median (25th, 75th)

Proportion (%)

458.49
243.79
52.96
37.93
6.99
6.18
110.64
225.78
31.79
97.91
40.18
13.88
32.46
9.56

251.69
163.38
58.53
47.00
12.24
10.16
83.74
168.33
45.26
92.90
61.77
22.39
48.50
21.43

406.22 (290.74, 577.38)
207.73 (131.80, 314.66)
33.46 (12.56, 71.29)
26.78 (11.37, 48.48)
2.33 (0.00, 10.00)
2.50 (0.83,7.14)
91.98 (50.36, 140.42)
193.54 (99.47, 301.91)
13.59 (6.75, 38.57)
72.86 (31.07, 134.17)
18.75 (5.93, 53.57)
5.00 (1.81, 15.36)
15.86 (5.00, 40.92)
3.31 (1.04, 9.17)

53.17
11.55
8.27
1.52
1.35
24.13
14.18
43.36
17.80
6.15
14.38
4.23

1
Dark green leafy vegetables: bok choy, lettuce, mustard, spinach, water spinach.–2Cruciferous vegetables: Chinese cabbage, cabbage,
broccoli, cauliﬂower.–3Allium vegetables: onion, garlic, head of garlic.–4Mushroom and fungi: fresh and fried mushroom, white and black fungi.–5Other vegetables: cucumber, eggplant, wax gourd, loofah, pepper, turnip, potato, sweet potato, taro, fresh corn, bean sprouts.–6Citrus fruits:
orange, grapefruit, lemon, tangerine, pomelo.–7Other fruits: kiwi fruit, strawberry, pineapple, mango, durian.

TABLE III – ODDS RATIOS (ORS) AND 95% CONFIDENCE INTERVALS (95% CIS) OF BREAST CANCER ACCORDING TO QUARTILES OF
TOTAL AND SPECIFIC VEGETABLE INTAKE

Total Vegetables
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Dark Green Leafy Vegetables
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Cruciferous Vegetables
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Carrots and Tomatoes
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Allium Vegetables
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Mushrooms and Fungi
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Other Vegetables
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1

Q1

Q2

Q3

Q4

p trend

195/109
1.00
1.00

112/110
0.57 (0.40–0.81)
0.55 (0.38–0.79)

76/110
0.39 (0.27–0.56)
0.37 (0.25–0.55)

55/109
0.28 (0.19–0.42)
0.28 (0.18–0.43)

<0.001
<0.001

162/109
1.00
1.00

123/110
0.75 (0.53–1.07)
0.78 (0.54–1.14)

85/110
0.52 (0.36–0.76)
0.52 (0.35–0.77)

68/109
0.42 (0.28–0.62)
0.41 (0.27–0.62)

<0.001
<0.001

149/109
1.00
1.00

134/110
0.89 (0.63–1.27)
0.89 (0.61–1.29)

84/110
0.56 (0.38–0.81)
0.57 (0.38–0.85)

71/109
0.48 (0.32–0.70)
0.49 (0.32–0.74)

<0.001
<0.001

148/109
1.00
1.00

133/110
0.89 (0.62–1.27)
0.99 (0.68–1.44)

82/110
0.55 (0.38–0.80)
0.56 (0.37–0.84)

75/109
0.51 (0.34–0.74)
0.58 (0.38–0.88)

<0.001
0.001

136/129
1.00
1.00

106/90
1.12 (0.77–1.62)
1.24 (0.84–1.84)

112/125
0.85 (0.60–1.21)
0.81 (0.56–1.18)

84/94
0.85 (0.58–1.24)
0.92 (0.61–1.38)

0.226
0.316

132/116
1.00
1.00

132/117
0.99 (0.70–1.41)
0.95 (0.66–1.38)

84/96
0.77 (0.52–1.13)
0.69 (0.45–1.04)

90/109
0.73 (0.50–1.06)
0.65 (0.43–0.98)

0.047
0.018

167/110
1.00
1.00

134/109
0.81 (0.57–1.15)
0.79 (0.54–1.14)

74/110
0.44 (0.30–0.65)
0.44 (0.30–0.67)

63/109
0.38 (0.26–0.56)
0.38 (0.24–0.58)

<0.001
<0.001

1
Odds ratio adjusted for age at menarche, BMI, history of benign breast disease, mother/sister/daughter with breast cancer, physical activity,
passive smoking and total energy intake.

quent histologic type (415, 94.7%) and restricting the analysis to
these cases yielded very similar results (data not shown).
All case subjects in the present study were inpatients who had
to undergo surgery for suspected breast cancer. A total of 76 inpatients were interviewed before the operation and they were treated
as cases when the interviews were conducted. Fifty-nine were
identiﬁed as having primary breast cancer after the diagnostic
workup. Consumption of total vegetables and total fruits between
the 59 cases before the operation and 379 conﬁrmed cases was not
signiﬁcantly different (mean of 361.11 vs. 353.28 g/day for total
vegetables; 180.02 vs. 187.64 g/day for total fruits).
Discussion
This hospital-based case–control study examined the association between vegetable and fruit intake and breast cancer risk

among Guangdong Chinese women. Our results suggest an inverse
association between vegetable and fruit intake and breast cancer
risk. Among the micronutrients examined, dietary vitamin C, vitamin E, vitamin A, ﬁber, and carotene were associated with
reduced breast cancer risk.
The association between vegetable and fruit consumption and
breast cancer risk has been examined in many epidemiological
studies.1–16,18 One case–control study conducted in China reported
a 40% reduction in risk in the highest quartile of consumption of
vegetables and 66% reduction with a high intake of fruits.5 Other
case–control studies, but not all, have found similar results.1–4,6
Consistent with these studies, we observed that a high intake of
vegetables and fruits was associated with a reduced risk of breast
cancer. In contrast, the Shanghai Women Breast Cancer Study
reported no association between total fruit and vegetable intake
and reduced breast cancer risk.11 A pooled analysis of eight pro-
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TABLE IV – ODDS RATIOS (ORS) AND 95% CONFIDENCE INTERVALS (95% CIS) OF BREAST CANCER ACCORDING TO QUARTILES OF
TOTAL AND SPECIFIC FRUIT INTAKE

Total Fruits
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Citrus Fruits
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Apple/Pear/Peach/Plum
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Banana
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Grape/Litchi/Longan
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Watermelon/Papaya/Cantaloupe
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Other Fruits
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1

Q1

Q2

Q3

Q4

p trend

132/109
1.00
1.00

140/110
1.05 (0.74–1.50)
1.09 (0.75–1.59)

94/110
0.71 (0.48–1.03)
0.68 (0.45–1.01)

72/109
0.54 (0.37–0.81)
0.53 (0.34–0.82)

0.001
0.001

177/155
1.00
1.00

58/64
0.79 (0.52–1.20)
0.83 (0.54–1.29)

102/103
0.87 (0.61–1.23)
0.98 (0.68–1.42)

101/116
0.76 (0.54–1.07)
0.73 (0.50–1.06)

0.141
0.173

128/109
1.00
1.00

119/110
0.92 (0.64–1.33)
0.89 (0.61–1.31)

95/110
0.74 (0.51–1.07)
0.72 (0.48–1.07)

96/109
0.75 (0.52–1.09)
0.80 (0.53–1.19)

0.071
0.161

137/109
1.00
1.00

113/111
0.81 (0.56–1.16)
0.82 (0.56–1.21)

111/110
0.80 (0.56–1.16)
0.84 (0.57–1.23)

77/108
0.57 (0.39–0.83)
0.57 (0.37–0.86)

0.007
0.015

136/109
1.00
1.00

111/111
0.80 (0.56–1.15)
0.77 (0.52–1.13)

105/109
0.77 (0.53–1.12)
0.81 (0.55–1.19)

86/109
0.63 (0.43–0.92)
0.66 (0.44–0.99)

0.020
0.067

136/111
1.00
1.00

125/108
0.94 (0.66–1.35)
1.01 (0.69–1.48)

95/110
0.71 (0.49–1.02)
0.74 (0.50–1.09)

82/109
0.61 (0.42–0.90)
0.62 (0.41–0.94)

0.004
0.009

116/109
1.00
1.00

109/110
0.93 (0.64–1.35)
0.85 (0.58–1.26)

119/110
1.02 (0.70–1.47)
1.03 (0.70–1.52)

94/109
0.81 (0.55–1.18)
0.80 (0.54–1.21)

0.393
0.493

1
Odds ratio adjusted for age at menarche, BMI, history of benign breast disease, mother/sister/daughter with breast cancer, physical activity,
passive smoking and total energy intake.

TABLE V – ODDS RATIOS (ORS) AND 95% CONFIDENCE INTERVALS (95% CIS) OF BREAST CANCER ACCORDING TO QUARTILES OF
SELECTED NUTRIENTS INTAKE

Vitamin A
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Retinol
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Carotene
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Vitamin C
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Vitamin E
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1
Fiber
No. Cases/Controls
Crude OR (95% CI)
Adjusted OR (95% CI)1

Q1

Q2

Q3

Q4

P trend

174/109
1.00
1.00

120/110
0.68 (0.48–0.97)
0.64 (0.44–0.93)

82/110
0.47 (0.32–0.68)
0.42 (0.28–0.63)

62/109
0.36 (0.24–0.53)
0.31 (0.20–0.48)

<0.001
<0.001

120/110
1.00
1.00

105/109
0.88 (0.61–1.28)
0.76 (0.51–1.14)

110/109
0.92 (0.64–1.34)
0.85 (0.57–1.27)

103/110
0.86 (0.59–1.25)
0.76 (0.50–1.15)

0.863
0.511

182/109
1.00
1.00

112/110
0.61 (0.43–0.87)
0.59 (0.41–0.86)

86/110
0.47 (0.32–0.68)
0.46 (0.31–0.69)

58/109
0.32 (0.21–0.47)
0.30 (0.19–0.46)

<0.001
<0.001

187/109
1.00
1.00

107/110
0.57 (0.40–0.81)
0.56 (0.38–0.82)

83/110
0.44 (0.30–0.64)
0.43 (0.29–0.64)

61/109
0.33 (0.22–0.48)
0.30 (0.19–0.46)

<0.001
<0.001

167/109
1.00
1.00

108/110
0.64 (0.45–0.92)
0.62 (0.42–0.92)

100/110
0.59 (0.41–0.85)
0.50 (0.33–0.76)

63/109
0.38 (0.26–0.56)
0.31 (0.19–0.50)

<0.001
<0.001

175/110
1.00
1.00

115/108
0.67 (0.47–0.95)
0.64 (0.44–0.94)

86/111
0.49 (0.34–0.70)
0.42 (0.28–0.64)

62/109
0.36 (0.24–0.53)
0.26 (0.16–0.44)

<0.001
<0.001

1
Odds ratio adjusted for age at menarche, BMI, history of benign breast disease, mother/sister/daughter with breast cancer, physical activity,
passive smoking and total energy intake.

spective studies did not ﬁnd any protection from vegetables or
fruit.22 In a meta-analysis, 15 case–control studies and 10 cohort
studies were analyzed separately. From the analysis of case–control studies it was concluded that the relative risk of breast cancer
was 14% lower for each additional 100 g/day intake of vegetables
and 8% lower for each additional 100 g/day intake of fruits. However, the analysis of cohort studies did not show any relationship
between vegetable or fruit intake and breast cancer risk.23

There are several possible explanations for these inconsistent
results. The level and range of vegetable and fruit intake differ
among different populations. The median vegetable intake in our
population was 406 g/day, which was greater than 132 g/day in
Korean women,14 158 g/day in the Sweden Diet and Cancer
cohort,12 164 g/day in the Denmark Diet Cancer and Health
cohort,24 and 234 g/day in the Shanghai Women Breast Cancer
Study.11 There might also be a lack of variation in vegetable and
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TABLE VI – ODDS RATIOS (ORS) AND 95% CONFIDENCE INTERVALS (95% CIS) OF BREAST CANCER ACCORDING TO QUARTILES INTAKE OF
TOTAL VEGETABLES AND FRUITS, ADJUSTING FOR OTHER RELATED NUTRIENTS

Total Vegetables
No. Cases/Controls
OR (95% CI)1
OR (95% CI)2
OR (95% CI)3
OR (95% CI)4
OR (95% CI)5
Total Fruits
No. cases/controls
OR (95% CI)1
OR (95% CI)2
OR (95% CI)3
OR (95% CI)4
OR (95% CI)5

Q1

Q2

Q3

Q4

P trend

132/109
1.00
1.00
1.00
1.00
1.00

140/110
0.55 (0.38–0.79)
0.59 (0.37–0.96)
0.57 (0.38–0.85)
0.56 (0.35–0.90)
0.62 (0.37–1.05)

94/110
0.37 (0.25–0.55)
0.40 (0.21–0.73)
0.43 (0.26–0.68)
0.37 (0.21–0.68)
0.46 (0.23–0.92)

72/109
0.28 (0.18–0.43)
0.31 (0.14–0.68)
0.37 (0.21–0.65)
0.30 (0.14–0.64)
0.40 (0.17–0.98)

<0.001
0.002
<0.001
0.001
0.032

132/109
1.00
1.00
1.00
1.00
1.00

140/110
1.09 (0.75–1.59)
1.20 (0.82–1.77)
1.31 (0.88–1.95)
1.20 (0.81–1.76)
1.33 (0.88–2.00)

94/110
0.68 (0.45–1.01)
0.76 (0.50–1.15)
0.92 (0.59–1.43)
0.74 (0.49–1.11)
0.86 (0.54–1.35)

72/109
0.53 (0.34–0.82)
0.72 (0.46–1.14)
0.95 (0.58–1.58)
0.67 (0.43–1.05)
0.91 (0.54–1.53)

0.001
0.048
0.521
0.019
0.356

1
Odds ratio adjusted for age at menarche, BMI, history of benign breast disease, mother/sister/daughter with breast cancer, physical activity,
passive smoking and total energy intake.–2Adjusted for 1 plus vitamin C.–3Adjusted for 1 plus ﬁber.–4Adjusted for 1 plus carotene.–5Adjusted
for 1 plus vitamin C, ﬁber, carotene, vitamin A and vitamin E.

fruit intake in some populations and the intake is relatively homogeneous in Western society. In the current study, the median
intake in the highest quartile group among control subjects was
threefold that in the lowest quartile group for vegetables (707 vs.
211 g) and sevenfold for fruits (421 vs. 57 g). These variations
were greater than that in the European Prospective Investigation
Into Cancer and Nutrition study which did not observe an association of breast cancer risk with consumption of vegetables or
fruits.13 The use of an FFQ with comprehensive fruit and vegetable items (n 5 30) also contributed to the ability to reﬂect the variations among study subjects. Moreover, differences in study
designs may also partially explain the discrepancy in ﬁndings
among different studies. Prospective studies generally provide
weaker association between vegetable and fruit consumption and
breast cancer risk than case–control studies.23 Case–control studies are vulnerable to selection and recall bias possibly resulting in
a spurious inverse association. On the other hand, dietary changes
over time can lead to misclassiﬁcation of long-time exposures in
cohort studies resulting in an attenuation of the association
between vegetable and fruit consumption and cancer risk.
The mechanisms through which vegetables and fruits protect
against breast cancer are likely to be numerous. The postulated
beneﬁcial constituents in fruits and vegetables include antioxidant
vitamins, ﬁber and folate. Vitamin C, vitamin E, and the carotenoids act as antioxidants, which protect DNA from oxidative damage.25 The function of vitamin C may also be related to its action
on the immune system.25 Vitamin E has been found to inhibit
tumors and reduce cell proliferation in animal models.25 In addition, vitamin C, vitamin E and the carotenoids have other chemopreventive actions.25 Dietary ﬁber may affect breast cancer risk by
decreasing reabsorption in the gut of estrogen excreted in the biliary system.26,27 The results of our study regarding the association
between nutrients and breast cancer risk support this hypothesis.
We found inverse associations across quartiles of intake of vitamin C, vitamin E, vitamin A, ﬁber, and carotene. These ﬁndings
are consistent with those of two studies conducted in China11,28
and other studies conducted elsewhere.1,4,29–31 However, some
studies have not found a protective effect of nutrients on breast
cancer.32,33 The present study showed that the inverse association
between vegetable intake and breast cancer risk persisted after
adjusting for vitamin C, vitamin E, vitamin A, carotene and ﬁber.
It seems that, whereas each of the examined components may
affect risk, there probably remains some unexplained protection
attributable to total consumption of vegetables. Fiber intake may
explain in part the protective effect of fruit intake. Other unmeasured factors in these foods may also affect risk.
Reports from Sweden10 and the United States (premenopausal
women)15 suggest an association between a reduction in breast
cancer risk and cruciferous vegetable intake. Some studies show

that green leafy and yellow vegetables, tomato, pepper, spinach,
white turnip, and mushroom are associated with a lower incidence
of breast cancer.3,11,14,16–18 Our study also found that consumption
of cruciferous vegetables, dark green leafy vegetables, carrots and
tomatoes, and mushroom and fungi were inversely related with
breast cancer risk. Like other vegetables, cruciferous vegetables
contain a number of nutrients and phytochemicals with cancer
chemopreventive properties, including folate, ﬁber, carotenoids,
and chlorophyll. Moreover, cruciferous vegetables are an especially rich source of glucosinolates, which may be important anticarcinogens.34 Dark green leafy vegetables and carrots and tomatoes contain high level of carotenes, folate, vitamin C, vitamin E,
lycopene and numerous other beneﬁcial phytochemicals. Lycopene has been reported to inhibit the proliferation of mammary
human cancer cells35 and suppress insulin-like growth factor.36
Mushrooms are considered excellent sources of nutrition, and in
many species, a number of bioactive compounds have been identiﬁed, such as polysaccharides, which have antitumor and immunomodulating properties.37,38
A few studies have examined the association between individual fruit intake and the risk of breast cancer. Intake of bananas, citrus fruits, peaches and grapes has been associated with lower risk
of breast cancer.11,14 Similar to these studies, we observed an
inverse association between breast cancer risk and high consumption of banana, grape/litchi/longan and watermelon/papaya/cantaloupe. Bananas are known for their high content of anticarcinogenic substances, including vitamin A, vitamin C and dietary ﬁber.
Grapes are rich in ﬂavonoids such as catechins, resveratrol and
anthocyanin, which may act through antioxidant, pro-oxidant,
antiestrogenic and cell signaling pathways, modulation or mitochondrial toxicity to inhibit breast carcinogenesis.39 Watermelon
and papaya contain antioxidants such as lycopene, carotene and bcryptoxanthin which exert an antioxidant effect via scavenging
free radicals.40
Our study has several limitations. Selection bias is a potential limitation in hospital-based case–control studies. The use of hospital-based controls with conditions potentially related to diet is a
major concern though an attempt was made to recruit controls
from several conditions with no apparent association with a dietary cause. Another problem is that the dietary habits of hospital
controls may differ from those of the general population. To evaluate this potential bias, consumption of nutrients and food groups
by the hospital-based controls was compared with that by participants in the validation of the FFQ. The results showed that there
was no signiﬁcant difference in consumption of most nutrients and
food groups. In addition, the high participation rate (96 and 98%
for cases and controls, respectively) and high comparability in
sociodemographic factors between the two groups indicated that
selection bias should not be a serious problem.41,42
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Recall bias is another limitation. Patients with cancer may recall
dietary practices in different ways than do controls, or change
their dietary behavior after cancer diagnosis. To minimize this
bias, we tried to interview patients as soon as diagnosis was made.
The average interval between diagnosis and interview was 7.15
days for case subjects. In addition, in our study, great effort was
taken to interview cases before their surgery. Consumption of vegetables and fruits was not different for the case subjects interviewed pre and postoperatively. We also provided food photographs with usual intake portions to assist participants with quantiﬁcation of intake. Moreover, the comparability of the recall
between case and control subjects was improved by interviewing
all of the subjects in a hospital setting.43
To minimize interviewer bias, we introduced the study to the
interviewers as a general ‘‘women’s health’’ study, keeping the
main hypothesis from the data gatherers, and training interviewers
to elicit information from cases and controls in a standardized way.
Random measurement error in the estimation of usual intake is
also of concern. However, this misclassiﬁcation is most likely
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nondifferential regarding case–control status, which would tend to
attenuate any association between dietary intake and breast cancer
risk.44 Therefore, the 47–72% reduction in risk associated with a
high intake of vegetables and fruits observed in our study may be
a conservative estimate.
In conclusion, our study found an inverse association between
the consumption of vegetable, fruit and antioxidant nutrients and
breast cancer risk and the ﬁndings add to the existing evidence on
the protective role of vegetable and fruit in breast cancer.
Acknowledgements
The authors acknowledge the assistance of the student helpers
and participation of the study subjects, without them the study
would not be possible. They also thank the following doctors for
their kind permission to interview patients in their hospitals: Drs.
Kong-jia Luo, Hong Yang in SunYat-sen University Cancer Center, Shu-wen Wu, Rui-yu Zheng, Li-jing Hu in The First Afﬁliated
Hospital, SunYat-sen University.

References
1.

2.
3.

4.

5.

6.

7.
8.
9.

10.
11.
12.

13.

14.
15.

16.

Freudenheim JL, Marshall JR, Vena JE, Laughlin R, Brasure JR,
Swanson MK, Nemoto T, Graham S. Premenopausal breast cancer
risk and intake of vegetables, fruits, and related nutrients. J Natl Cancer Inst 1996;88:340–8.
Adzersen KH, Jess P, Freivogel KW, Gerhard I, Bastert G. Raw and
cooked vegetables, fruits, selected micronutrients, and breast cancer
risk: a case–control study in Germany. Nutr Cancer 2003;46:131–7.
Gaudet MM, Britton JA, Kabat GC, Steck-Scott S, Eng SM, Teitelbaum SL, Terry MB, Neugut AI, Gammon MD. Fruits, vegetables,
and micronutrients in relation to breast cancer modiﬁed by menopause
and hormone receptor status. Cancer Epidemiol Biomarkers Prev
2004;13:1485–94.
Ronco A, De Stefani E, Boffetta P, Deneo-Pellegrini H, Mendilaharsu
M, Leborgne F. Vegetables, fruits, and related nutrients and risk of
breast cancer: a case-control study in Uruguay. Nutr Cancer 1999;
35:111–9.
Shannon J, Ray R, Wu C, Nelson Z, Gao DL, Li W, Hu W, Lampe J,
Horner N, Satia J, Patterson R, Fitzgibbons D, et al. Food and botanical groupings and risk of breast cancer: a case-control study in Shanghai China. Cancer Epidemiol Biomarkers Prev 2005;14:81–90.
Lissowska J, Gaudet MM, Brinton LA, Peplonska B, Sherman M,
Szeszenia-Dabrowska N, Zatonski W, Garcia-Closas M. Intake of
fruits, and vegetables in relation to breast cancer risk by hormone receptor status. Breast Cancer Res Treat 2008;107:113–7.
Witte JS, Ursin G, Siemiatycki J, Thompson WD, Paganini-Hill A,
Haile RW. Diet and premenopausal bilateral breast cancer: a casecontrol study. Breast Cancer Res Treat 1997;42:243–51.
Thorand B, Kohlmeier L, Simonsen N, Croghan C, Thamm M. Intake
of fruits, vegetables, folic acid and related nutrients and risk of breast
cancer in postmenopausal women. Public Health Nutr 1998;1:147–56.
Potischman N, Swanson CA, Coates RJ, Gammon MD, Brogan DR,
Curtin J, Brinton LA. Intake of food groups and associated micronutrients in relation to risk of early-stage breast cancer. Int J Cancer
1999;82:315–21.
Terry P, Wolk A, Persson I, Magnusson C. Brassica vegetables and
breast cancer risk. JAMA 2001;285:2975–7.
Malin AS, Qi D, Shu XO, Gao YT, Friedmann JM, Jin F, Zheng W.
Intake of fruits, vegetables and selected micronutrients in relation to
the risk of breast cancer. Int J Cancer 2003;105:413–8.
Mattisson I, Wirfalt E, Johansson U, Gullberg B, Olsson H, Berglund
G. Intakes of plant foods, ﬁbre and fat and risk of breast cancer—a
prospective study in the Malmo Diet and Cancer cohort. Br J Cancer
2004;90:122–7.
van Gils CH, Peeters PH, Bueno-de-Mesquita HB, Boshuizen HC,
Lahmann PH, Clavel-Chapelon F, Thiebaut A, Kesse E, Sieri S, Palli
D, Tumino R, Panico S, et al. Consumption of vegetables and fruits
and risk of breast cancer. JAMA 2005;293:183–93.
Do MH, Lee SS, Jung PJ, Lee MH. Intake of fruits, vegetables, and
soy foods in relation to breast cancer risk in Korean women: a case–
control study. Nutr Cancer 2007;57:20–7.
Ambrosone CB, McCann SE, Freudenheim JL, Marshall JR, Zhang
Y, Shields PG. Breast cancer risk in premenopausal women is inversely associated with consumption of broccoli, a source of isothiocyanates, but is not modiﬁed by GST genotype. J Nutr 2004;134:1134–8.
Hirose K, Takezaki T, Hamajima N, Miura S, Tajima K. Dietary factors protective against breast cancer in Japanese premenopausal and
postmenopausal women. Int J Cancer 2003;107:276–82.

17. Hong SA, Kim K, Nam SJ, Kong G, Kim MK. A case–control study
on the dietary intake of mushrooms and breast cancer risk among Korean women. Int J Cancer 2008;122:919–23.
18. Lee SA, Fowke JH, Lu W, Ye C, Zheng Y, Cai Q, Gu K, Gao YT,
Shu XO, Zheng W. Cruciferous vegetables, the GSTP1 Ile105Val
genetic polymorphism, and breast cancer risk. Am J Clin Nutr
2008;87:753–60.
19. Chen YM, Ho SC, Woo JL. Greater fruit and vegetable intake is associated with increased bone mass among postmenopausal Chinese
women. Br J Nutr 2006;96:745–51.
20. Wang LD. The Dietary and Nutritional Status of Chinese population:
2002 National Nutrition Survey. Beijing: People’s Medical Publishing
House, 2005.
21. Yang Y, Wang G, Pan X. China food composition. Beijing: Peking
University Medical Press, 2002.
22. Smith-Warner SA, Spiegelman D, Yaun SS, Adami HO, Beeson WL,
van den Brandt PA, Folsom AR, Fraser GE, Freudenheim JL, Goldbohm RA, Graham S, Miller AB, et al. Intake of fruits and vegetables
and risk of breast cancer: a pooled analysis of cohort studies. JAMA
2001;285:769–76.
23. Riboli E, Norat T. Epidemiologic evidence of the protective effect of
fruit and vegetables on cancer risk. Am J Clin Nutr 2003;78:559S–69S.
24. Olsen A, Tjonneland A, Thomsen BL, Loft S, Stripp C, Overvad K,
Moller S, Olsen JH. Fruits and vegetables intake differentially affects
estrogen receptor negative and positive breast cancer incidence rates.
J Nutr 2003;133:2342–7.
25. Rock CL, Lampe JW, Patterson RE. Nutrition, genetics, and risks of
cancer. Annu Rev Public Health 2000;21:47–64.
26. Rose DP. Dietary ﬁber and breast cancer. Nutr Cancer 1990;13:1–8.
27. Woods MN, Gorbach SL, Longcope C, Goldin BR, Dwyer JT, Morrill-LaBrode A. Low-fat, high-ﬁber diet and serum estrone sulfate in
premenopausal women. Am J Clin Nutr 1989;49:1179–83.
28. Yuan JM, Wang QS, Ross RK, Henderson BE, Yu MC. Diet and
breast cancer in Shanghai and Tianjin, China. Br J Cancer 1995;71:
1353–8.
29. Howe GR, Hirohata T, Hislop TG, Iscovich JM, Yuan JM, Katsouyanni K, Lubin F, Marubini E, Modan B, Rohan T, et al. Dietary
factors and risk of breast cancer: combined analysis of 12 case-control
studies. J Natl Cancer Inst 1990;82:561–9.
30. Cade JE, Burley VJ, Greenwood DC. Dietary ﬁbre and risk of breast
cancer in the UK Women’s Cohort Study. Int J Epidemiol 2007;36:
431–8.
31. Zhang S, Hunter DJ, Forman MR, Rosner BA, Speizer FE, Colditz
GA, Manson JE, Hankinson SE, Willett WC. Dietary carotenoids and
vitamins A, C and E and risk of breast cancer. J Natl Cancer Inst
1999;91:547–56.
32. Terry P, Jain M, Miller AB, Howe GR, Rohan TE. Dietary carotenoids and risk of breast cancer. Am J Clin Nutr 2002;76:883–8.
33. Willett WC. Diet and breast cancer. J Intern Med 2001;249:395–411.
34. Yu R, Mandlekar S, Harvey KJ, Ucker DS, Kong AN. Chemopreventive isothiocyanates induce apoptosis and caspase-3-like protease activity. Cancer Res 1998;58:402–8.
35. Prakash P, Russell RM, Krinsky NI. In vitro inhibition of proliferation
of estrogen-dependent and estrogen-independent human breast cancer
cells treated with carotenoids or retinoids. J Nutr 2001;131:1574–80.
36. Karas M, Amir H, Fishman D, Danilenko M, Segal S, Nahum A,
Koifmann A, Giat Y, Levy J, Sharoni Y. Lycopene interferes with

188

37.
38.
39.

40.

ZHANG ET AL.

cell cycle progression and insulin-like growth factor I signaling in
mammary cancer cells. Nutr Cancer 2000;36:101–11.
Borchers AT, Keen CL, Gershwin ME. Mushrooms, tumors, and
immunity: an update. Exp Biol Med (Maywood) 2004;229:393–
406.
Wasser SP. Medicinal mushrooms as a source of antitumor and immunomodulating polysaccharides. Appl Microbiol Biotechnol 2002;60:
258–74.
Adebamowo CA, Cho E, Sampson L, Katan MB, Spiegelman D,
Willett WC, Holmes MD. Dietary ﬂavonols and ﬂavonol-rich foods
intake and the risk of breast cancer. Int J Cancer 2005;114:628–
33.
Irwig MS, El-Sohemy A, Baylin A, Rifai N, Campos H. Frequent
intake of tropical fruits that are rich in beta-cryptoxanthin is associ-

41.
42.
43.
44.

ated with higher plasma beta-cryptoxanthin concentrations in Costa
Rican adolescents. J Nutr 2002;132:3161–7.
Rothman KJ, Greenland S. Case–control studies. In: Rothman KJ,
Greenland S, eds. Modern epidemiology, 2nd edn. Philadelphia: Lippincott Williams & Wilkins, 1998:93–114.
Breslow NE, Day NE. Statistical methods in cancer research. The
analysis of case–control studies. Lyon: IARC, 1980:16.
D’Avanzo B, La Vecchia C, Katsouyanni K, Negri E, Trichopoulos
D. An assessment and reproducibility of food frequency data provided
by hospital controls. Eur J Cancer Prev 1997;6:288–93.
Kipnis V, Midthune D, Freedman LS, Bingham S, Schatzkin A, Subar
A, Carroll RJ. Empirical evidence of correlated biases in dietary
assessment instruments and its implications. Am J Epidemiol 2001;
153:394–403.

