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Abstract
The protective effect of dietary carotenoid intake on the risk of breast cancer is inconclusive. Moreover, data on dietary carotenoids in
relation to breast cancer in non-Western populations are scarce. The aim of the present study was to examine the association between
dietary carotenoid intake and the risk of breast cancer among Chinese women. A total of 561 cases and 561 controls who were frequency
matched by age (5-year interval) and residence were recruited in the present case – control study. Dietary intake information was collected
by a face-to-face interview using a validated FFQ. The OR and 95 % CI were assessed by multivariate logistic regression after adjusting for
various potential confounders. An inverse association was observed between the consumption of a-carotene, b-carotene, b-cryptoxanthin
and lutein/zeaxanthin and the risk of breast cancer. The multivariate-adjusted OR for the highest quartile of intake compared with the
lowest quartile of intake were 0·61 (95 % CI 0·43, 0·88) for a-carotene, 0·54 (95 % CI 0·38, 0·78) for b-carotene, 0·38 (95 % CI 0·26, 0·52)
for b-cryptoxanthin and 0·49 (95 % CI 0·34, 0·71) for lutein/zeaxanthin. Lycopene intake was not found to be associated with the risk
of breast cancer, with the adjusted OR of 0·89 (95 % CI 0·61, 1·30). These inverse associations were more evident among pre-menopausal
women and women who were exposed to second-hand smoke. The protective effect of specific carotenoid intake was observed for all
subtypes of hormone receptor status of breast cancer. The present study indicated that a greater intake of specific carotenoids was associated with a decreased risk of breast cancer among Chinese women residing in Guangdong.
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Many previous epidemiological studies(1 – 3) have shown a
protective role of fruit and vegetables in breast cancer. The
possible protective compounds in fruit and vegetables may
include carotenoids. Carotenoids are lipid-soluble pigments
present in red, yellow, orange and dark-green fruit and vegetables. The main carotenoids are a-carotene, b-carotene,
lycopene, b-cryptoxanthin, lutein and zeaxanthin(4).
There are several mechanisms to be proposed in which
specific carotenoids may act as a protective factor against
breast cancer. Besides their overall influence on the enhancement of immune function, the protection of cells against DNA
damage, the stimulation of gap junctional intercellular communication, the induction of detoxifying enzymes and the
inhibition of cellular proliferation, it has been shown that
they also have specific activities. a-Carotene may suppress
cytochrome P450 1A1, an activator of procarcinogens(5).

b-Carotene may control growth-inhibitory and pro-apoptotic
effects in cancer cells through the redox regulation of the
nuclear transcription factor NF-kB(6). b-Cryptoxanthin may
stimulate the expression of RB, an anti-oncogene, and p73,
a p53-related gene(7); lycopene is the most efficient singlet
oxygen quencher in vitro (8), whereas lutein and zeaxanthin
are scavengers of radical oxygen species(9).
Fruit and vegetables differ in their nutrient content as
groups. To account for huge differences in the nutrient content of the variety of fruit and vegetables, it is worthwhile to
perform studies at the nutrient level, i.e. to test for the association between dietary carotenoid intakes (derived from food
consumption data) and the risk of breast cancer. However,
the findings from epidemiological studies on carotenoid
intakes in relation to the risk of breast cancer have been
inconclusive. Some case – control studies(10 – 20) and cohort

Abbreviations: ER, oestrogen receptor; PR, progesterone receptor; SHS, second-hand smoke.
* Corresponding author: Associate Professor C.-X. Zhang, fax þ86 20 87330446, email zhangcx3@mail.sysu.edu.cn; email chinazhangcaixia@hotmail.com

Downloaded from https://www.cambridge.org/core. IP address: 3.94.21.209, on 28 Nov 2020 at 20:50:21, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S000711451300411X

British Journal of Nutrition (2014), 111, 1686–1695
q The Authors 2013

British Journal of Nutrition

studies(21 – 26) have noted an inverse association of breast
cancer with specific carotenoid intakes, whereas others have
not(27 – 30). A few studies(13,23,26) have suggested that the protective effect of specific carotenoid intake on the risk of
breast cancer was mainly confined to smokers. The association of b-carotene intake with the risk of breast cancer
was stronger among women who consumed 15 g or more of
alcohol per d(24). Moreover, some studies(21,23) have reported
that the associations between carotenoid intakes and the risk
of breast cancer are stratified by oestrogen receptor (ER)
and progesterone receptor (PR) status. However, most of
the aforementioned studies have been conducted in Western
countries. More research in non-Western populations is
needed to clarify this association.
Chinese populations generally have a high intake of carotenoid-rich vegetables and fruit(1). The rates of active cigarette
smoking and alcohol consumption among Chinese women
are very low. However, the passive smoking rate of female
was high (43·6 %)(31). This provided a good opportunity
to examine the relationship between carotenoid intake and
the risk of breast cancer among non-smoking, non-alcohol
drinking women. However, few studies have been conducted
so far among Chinese women to examine this issue(12). Therefore, the purpose of the present study was to investigate
the relationship between dietary carotenoid (a-carotene,
b-carotene, b-cryptoxanthin, lutein/zeaxanthin and lycopene)
intake and the risk of breast cancer among Chinese women.

Materials and methods
Study subjects
This is an ongoing case – control study beginning in
September 2011. The details of this study have been reported
previously(32). In brief, potential case subjects were recruited
from patients admitted to the three teaching and general hospitals in the areas being studied. Inclusion criteria were female
subjects aged 25 – 70 years old and natives of Guangdong
province or having lived in Guangdong for at least 5 years,
with histologically confirmed breast cancer diagnosed within
3 months before the interview. Women were excluded if
they had a prior history of breast cancer or other cancers.
During September 2011 to May 2013, a total of 561 (93·3 %)
cases out of 601 eligible cases took part in the study. Control
subjects were patients with no history of any cancers 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. They were selected from the Departments of
Ophthalmology, Plastic and Reconstructive Surgery, Vascular
Surgery and Ear– Nose – Throat. Totally, 561 (94·4 %) controls
out of 594 eligible controls were successfully interviewed.
The present study was conducted according to the
guidelines laid down in the Declaration of Helsinki, and all
procedures involving human subjects were approved by the
Ethical Committee of School of Public Health, Sun Yat-sen
University. Written informed consent was obtained from
all subjects.
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Data collection
Data were collected by trained interviewers through a face-toface interview based on a structured and previously validated
questionnaire on sociodemographic data, current weight,
height, menstrual and reproductive history, menopausal
status, use of exogenous hormones, use of contraceptive
drugs, family history of cancer, medical history, medication
treatment, dietary habits, active and passive smoking, alcohol
drinking and physical activities. BMI was calculated by dividing body weight (in kg) by height (in m) squared. Relevant
medical diagnosis, histological findings, and ER and PR
status were abstracted from the medical records. Regular
smoking was defined as smoking at least one cigarette per d
for more than six consecutive months. Exposure to secondhand smoke (SHS) was defined as non-smokers who reported
being exposed to the smoke exhaled by smokers at least
15 min 1 d in a week. Regular drinking was defined as drinking alcohol at least once per week over the past year.

Dietary intake assessment
An interviewer-administered FFQ(33) consisting of eighty-one
food items was used to collect information on habitual
dietary intake during the previous year before diagnosis for
breast cancer patients or before the time of interview for
controls. The daily nutrient intakes of energy, a-carotene,
b-carotene, lycopene, b-cryptoxanthin and lutein/zeaxanthin
were calculated by summing the product of the frequency of
consumption, the usual portion consumed and the nutrient
content of each food item. The nutrient content values were
derived from the Chinese Food Composition Table(34) and
the US Department of Agriculture nutrient database(35). Food
pictures with usual portion size were provided to help
participants quantify the portions consumed.
The reproducibility and validity of the FFQ have been
assessed previously(33). The correlation coefficients between
two FFQ administered 1 year apart were 0·41 for a-carotene,
0·47 for b-carotene, 0·60 for b-cryptoxanthin, 0·51 for
lycopene and 0·42 for lutein/zeaxanthin. The correlation
coefficients for the FFQ and 18 d dietary records were 0·23
for a-carotene, 0·37 for b-carotene, 0·35 for b-cryptoxanthin,
0·30 for lycopene and 0·20 for lutein/zeaxanthin.

Statistical analysis
All statistical analyses were conducted using SPSS 13.0 software, and the significance level set at 0·05 for the two-tailed
P value. Demographic characteristics and potential risk factors
were compared between the cases and controls using the t test
or Wilcoxon rank-sum test for continuous variables and the x 2
test for categorical variables. Quartiles of specific carotenoids
were defined based on the distribution of the controls. Unconditional logistic regression models were used to calculate OR
and 95 % CI of each quartile using the lowest quartile group
as the reference. The relationships between carotenoid
intake and the risk of breast cancer were further examined
after adjusting for various potential confounding factors

Downloaded from https://www.cambridge.org/core. IP address: 3.94.21.209, on 28 Nov 2020 at 20:50:21, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S000711451300411X

Carotenoid intake and breast cancer risk

British Journal of Nutrition

L. Wang et al.

using multivariate logistic regression models. Income, BMI
(continuous), passive smoking (yes/no) and first-degree
relative with cancer (yes/no) were selected as potential confounders based on the comparison of baseline characteristics
between the cases and controls. Total energy intake was
also adjusted using the residual method(36). Tests for trend
were performed by entering the categorical variables as
continuous variables in the models.
Breast cancer defined by ER and PR status appears to be
aetiologically and clinically heterogeneous(37,38). The analysis
stratified by ER and PR status was also performed to determine
whether the association between carotenoid intake varied
with ER and PR status. Because some risk factors for breast
cancer have different associations among pre- and postmenopausal women(39), the relationships between specific
carotenoid intake and the risk of breast cancer may differ by
menopausal status. Therefore, stratified analysis by menopausal status (pre- v. postmenopausal) was conducted. Stratified
analysis by passive smoking status was also conducted. The
interactions between menopausal status, passive smoking
and carotenoid intake on the risk of breast cancer were evaluated using a multiplicative model. The product term was
included in the multivariate logistic regression to test for
multiplicative interaction. Furthermore, sensitivity analysis was
conducted by excluding women with smoking history and
alcohol consumption.

Results
The sociodemographic and other characteristics of the study
subjects are shown in Table 1. Compared with the controls,
the cases were more likely to have a history of first-degree
relative with cancer and a history of passive smoking from
other persons, and were more likely to have a lower household income. No significant differences were observed
between the cases and controls in educational level, marital
status, BMI, use of oral contraceptive, alcohol consumption
or reproductive factors, including age at menarche, age at
menopause, nulliparous, number of live births, age at first
live birth and months of breast-feeding.
The mean intakes of main food groups and carotenoids are
presented in Table 2. Compared with the controls, intakes of
a-carotene, b-carotene, b-cryptoxanthin, lycopene, lutein/
zeaxanthin, total energy, vegetables and white meat were
significantly lower in the case subjects, whereas red meat
intake was significantly higher in the case subjects.
The main food source of a-carotene was carrots. b-carotene
was mainly from spinach and carrots. b-Cryptoxanthin was
supplied by oranges and papaya, whereas lycopene was
from watermelon and tomatoes. Lutein and zeaxanthin were
derived primarily from spinach and broccoli.
The OR and corresponding 95 % CI for breast cancer risk
according to specific carotenoid intakes are summarised in
Table 3. After adjustment for income, passive smoking,
first-degree relative with cancer and total energy intake,
a significant inverse association was observed between dietary
intakes of a-carotene, b-carotene, b-cryptoxanthin and lutein/
zeaxanthin and the risk of breast cancer. The multivariate OR

for the highest quartile of intake compared with the lowest
quartile of intake were 0·59 (95 % CI 0·42, 0·85) for a-carotene,
0·52 (95 % CI 0·36, 0·74) for b-carotene, 0·35 (95 % CI 0·25,
0·52) for b-cryptoxanthin and 0·48 (95 % CI 0·33, 0·69) for
lutein/zeaxanthin. Further adjustment for other dietary factors
including white meat and red meat intakes did not change the
results appreciably. No significant association was found
between lycopene intake and the risk of breast cancer, with
the adjusted OR of 0·89 (95 % CI 0·61, 1·30).
Information on the ER and PR status of the tumour was
available for 492 (87·7 %) of the cases. Of these breast
cancer cases, the cases positive for ER and PR accounted
for 383 (77·8 %) and 357 (72·5 %), respectively. Of the total
561 cases, 353 were ER-positive and PR-positive (ERþPRþ ),
105 were ER-negative and PR-negative (ER2PR2 ), thirty
were ER-positive and PR-negative (ERþPR2 ), four were
ER-negative and PR-positive (ER2PRþ ) and sixty-nine were
undefined. ER2PRþ breast cancers were not analysed
separately because of the small number of cases. An inverse
association between dietary intakes of a-carotene, b-carotene,
b-cryptoxanthin and lutein/zeaxanthin and the risk of breast
cancer was observed in all subtypes as defined by ER and/or
PR status, although there was no statistical significance among
women with ERþ /PR2 breast cancer tumours (Table 4).
Table 5 shows the association between carotenoid intake
and the risk of breast cancer stratified by menopausal status.
An inverse association between dietary intakes of a-carotene,
b-carotene and lutein/zeaxanthin and the risk of breast
cancer was only found in pre-menopausal but not in postmenopausal women. However, b-cryptoxanthin intake was
observed to be inversely associated with the risk of breast
cancer in both pre- and postmenopausal women. Lycopene
intake was not related to the risk of breast cancer regardless
of menopausal status.
Stratified analyses by passive smoking status were also
conducted. Except for b-cryptoxanthin, an inverse association
between dietary intakes of a-carotene, b-carotene and lutein/
zeaxanthin and the risk of breast cancer was confined to
non-smoking women who were exposed to SHS. No relationship was found between lycopene intake and the risk of
breast cancer in all women or in specific type of women
(Table 6).
In the present study, there were eighteen women who
were current or former smokers, and restricting the analysis
to non-smokers yielded results similar to those of the overall
group. Sensitivity analysis excluding women with alcohol
consumption was also conducted, and the results showed
no substantial change (data not shown).

Discussion
The present hospital-based case – control study evaluated
the relationship between carotenoid intake and the risk of
breast cancer among Chinese women. The results showed
that consumption of a-carotene, b-carotene, b-cryptoxanthin
and lutein/zeaxanthin was inversely associated with the risk
of breast cancer. The protective effect of specific carotenoid
intake on the risk of breast cancer may be more pronounced
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Table 1. Sociodemographic and selected risk factors of breast cancer among breast cancer cases and controls
(Mean values and standard deviations; number of subjects and percentages)
Cases (n 561)
n
Age (years)
Mean

British Journal of Nutrition

0·732
92·9
7·1

518
43

92·3
7·7

143
137
148
133

25·5
24·4
26·4
23·7

132
134
164
131

23·5
23·9
29·2
23·4

176
207
178

31·4
36·9
31·7

193
206
162

34·4
36·7
28·9

131
170
150
110

23·4
30·3
26·7
19·6

72
162
172
153

12·8
28·9
31·0
27·3

0·727

0·463

, 0·001

0·169
22·99
3·49

22·72
3·03

47
8
356

8·4
1·4
64·4

32
10
266

5·7
1·8
48·3

221
30
310

39·4
5·3
55·3

247
26
288

44·0
4·6
51·3

0·080
0·635
, 0·001
0·281

0·590
14·61
1·89
28

SD

Age at first live birth (years)*
Mean

14·67
1·79
5·0

26

4·7

1·83
1·17

1·77
1·20

25·90
3·75

25·59
3·38

19·19
19·32

17·91
18·70

50·35
3·11

49·75
3·25

0·961
0·372

0·158

SD

Months of breast-feeding†
Mean

0·275

SD

Age at menopause (years)‡
Mean

0·157

SD

Menopausal status
Pre-menopausal
Postmenopausal
First-degree relative with cancer
Ever used an oral contraceptive

P

48·18
9·64

531
40

SD

Nulliparous
Number of live births*
Mean

%

0·279

SD

Regular drinker
Regular smoker
Passive smoker
Physical activity (exercise for health)
Never
Occasionally
$ 1 time/week
Age at menarche (years)
Mean

n

47·56
9·53

SD

Marital status
Married
Unmarried/divorced/widowed
Educational level
Primary school or below
Junior high school
Senior high school/secondary technical school
College or above
Occupation
Administrator/other white collar worker
Blue collar worker
Farmer/other
Income (yuan/month)
, 2000
2001 – 5000
5001 – 8000
. 8000
BMI (kg/m2)
Mean

%

Controls (n 561)

0·296
356
205
124
37

63·5
36·5
22·1
6·6

339
222
76
39

60·4
39·6
13·5
7·0

, 0·001
0·812

* Among women who have had a live birth.
† Among women who had breast-fed.
‡ Among menopausal women.

among pre-menopausal women and women who were
exposed to SHS; however, this inverse association did not
differ by ER and PR subtypes of breast cancer status. No
association was found between dietary lycopene intake and
the risk of breast cancer.
The relationship between specific carotenoid intake and the
risk of breast cancer has been examined in many epidemiological studies(3,12,13,21 – 27,30,40 – 43). However, the results have

been mixed. A meta-analysis of twenty-four case– control
studies and eleven cohort studies has reported that dietary
a-carotene and b-carotene intakes could significantly reduce
the risk of breast cancer by 9 % (pooled relative risk 0·91,
95 % CI 0·85, 0·98) and 6 % (pooled relative risk 0·94, 95 % CI
0·88, 1·00), respectively. However, no significant association
was found between dietary intakes of b-cryptoxanthin, lycopene and lutein/zeaxanthin and the risk of breast cancer(44).
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Table 2. Consumption of specific carotenoids and selected dietary variables between breast cancer cases and controls
(Mean values, and median values with their 25th – 75th percentiles)
Cases (n 561)

Energy (kJ/d)
a-Carotene (mg/d)
b-Carotene (mg/d)
b-Cryptoxanthin (mg/d)
Lycopene (mg/d)
Lutein/zeaxanthin (mg/d)
Vegetables (g/d)
Fruits (g/d)
Red meat (g/d)
White meat (g/d)

Controls (n 561)

Mean

Median

25th – 75th percentile

Mean

Median

25th– 75th percentile

P*

6113
672
6004
87·0
1070
5720
399
176
98·1
102

5945
508
5126
67·5
713
4890
352
138
85·7
80·0

4937 – 7050
306 – 812
3732 – 7577
42·1 – 105
334 – 1354
3279 – 6996
258 – 491
85·9 – 233
57·1 – 130
47·8 – 133

6297
747
6538
115
1218
6293
424
186
94·8
109

6058
542
5594
82·7
812
5388
374
148
83·4
85·7

5100 – 7293
326 – 946
3933 – 8382
49·8 – 135
358 – 1410
3511 – 7999
273 – 529
88·4 – 244
54·3 – 122
54·3 – 142

0·001
, 0·001
, 0·001
, 0·001
0·009
, 0·001
, 0·001
0·077
0·033
, 0·001
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* Wilcoxon rank-sum test comparing the median consumption levels between the cases and controls.

Another meta-analysis including ten prospective studies has
also indicated an inverse association between the risk of
breast cancer and dietary b-carotene intake, with a pooled
relative risk of 0·95 (95 % CI 0·91, 0·99)(45). The only research
conducted in China has shown an inverse association of
higher dietary intakes of b-carotene, b-cryptoxanthin and
lycopene with a reduced risk of breast cancer(12). The present
findings are consistent with these studies. However, some
studies have not shown the beneficial effects of specific
carotenoid intake on the risk of breast cancer(27,28,30,43).

Epidemiological studies examining the associations between carotenoid intakes and the risk of breast cancer by ER
and PR status are limited, and the results are inconsistent.
A pooled analysis of eighteen prospective cohort studies
has suggested that dietary intakes of a-carotene, b-carotene
and lutein/zeaxanthin were associated with a modestly
lower risk of ER2, but not ERþ , breast cancer(46). However,
the Women’s Health Initiative Observational Study of 84 805
postmenopausal women has found that dietary intakes of acarotene, b-carotene and lycopene were inversely associated

Table 3. Risk for breast cancer according to quartiles of the daily intake of carotenoids
(Odds ratios and 95 % confidence intervals)
No. of cases/controls
a-Carotene
, 326·37
326·37 – 542·27
542·27 – 945·61
. 945·61
P for trend
b-Carotene
, 3933·00
3933·00 – 5593·64
5593·64 – 8382·49
. 8382·49
P for trend
b-Cryptoxanthin
, 49·76
49·76 – 82·67
82·67 – 135·17
. 135·17
P for trend
Lycopene
, 358·50
358·50 – 811·60
811·60 – 1410·03
. 1410·03
P for trend
Lutein/zeaxanthin
, 3510·94
3510·94 – 5387·79
5387·79 – 7999·28
. 7999·28
P for trend

Crude OR

95 % CI

Adjusted OR*

95 % CI

164/140
157/140
142/141
98/140

1·00
0·97
0·83
0·65
0·014

0·69, 1·36
0·59, 1·18
0·45, 0·93

1·00
0·81
0·81
0·61
0·013

0·58, 1·15
0·58, 1·15
0·43, 0·88

80/140
152/140
141/139
88/142

1·00
0·84
0·79
0·48
, 0·001

0·61, 1·16
0·57, 1·09
0·34, 0·68

1·00
0·81
0·74
0·54
0·001

0·57, 1·13
0·53, 1·05
0·38, 0·78

195/140
204/140
91/141
71/140

1·00
1·05
0·46
0·36
, 0·001

0·77, 1·42
0·33, 0·65
0·18, 0·41

1·00
0·90
0·41
0·38
, 0·001

0·64, 1·27
0·28, 0·60
0·26, 0·52

135/140
143/141
157/140
126/140

1·00
1·05
1·16
0·93
0·871

0·76, 1·47
0·84, 1·62
0·67, 1·31

1·00
0·91
0·99
0·89
0·687

0·62, 1·32
0·68, 1·46
0·61, 1·30

182/140
175/141
120/140
84/140

1·00
0·96
0·66
0·46
, 0·001

0·70, 1·31
0·48, 0·92
0·33, 0·65

1·00
0·91
0·64
0·49
, 0·001

0·65, 1·26
0·45, 0·94
0·34, 0·71

* Adjusted for income, second-hand smoke, first-degree relative with cancer, total energy intake, red meat intake and white
meat intake.
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Table 4. Risk for breast cancer according to quartiles of the daily intake of carotenoids stratified by oestrogen receptor (ER) and/or progesterone receptor (PR) status
(Odds ratios and 95 % confidence intervals)
ERþ
No. of
cases/ Adjusted
controls OR*

No. of
cases/
95 % CI controls

Adjusted
OR*
95 % CI

PRþ
No. of
cases/ Adjusted
controls OR*

PR2
No. of
cases/
95 % CI controls

Adjusted
OR*
95 % CI

ERþPRþ
No. of
cases/ Adjusted
controls OR*

110/140
108/140
94/141
71/140

1·00
0·84
0·79
0·65
0·035

35/140
0·57, 1·23 31/140
0·54, 1·17 27/141
0·44, 0·97 16/140

1·00
0·74 0·41, 1·33
0·74 0·41, 1·34
0·51 0·26, 1·00
0·062

100/140
102/140
87/141
68/140

1·00
0·85
0·78
0·67
0·05

45/140
0·57, 1·25 37/140
0·52, 1·15 34/141
0·44, 1·01 19/140

1·00
0·73 0·43, 1·24
0·77 0·45, 1·31
0·47 0·26, 0·87
0·026

99/140
102/140
86/141
66/140

1·00
0·86
0·78
0·66
0·042

116/140
102/140
103/139
62/142

1·00
0·81
0·83
0·57
0·012

46/140
0·55, 1·18 32/140
0·57, 1·20 16/139
0·38, 0·85 15/142

1·00
0·71 0·41, 1·22
0·35 0·19, 0·68
0·37 0·19, 0·71
,0·001

109/140
93/140
95/139
60/142

1·00
0·76
0·80
0·57
0·015

53/140
0·51, 1·12 41/140
0·54, 1·17 24/139
0·38, 0·87 17/142

1·00
0·81 0·49, 1·33
0·47 0·27, 0·82
0·36 0·20, 0·68
,0·001

108/140
93/140
93/139
59/142

138/140
135/140
58/141
52/140

1·00
0·80
0·35
0·38
,0·001

35/140
0·55, 1·17 46/140
0·23, 0·55 18/141
0·25, 0·59 10/140

1·00
1·17 0·66, 2·05
0·50 0·25, 1·00
0·34 0·15, 0·75
0·001

122/140
132/140
57/141
46/140

1·00
0·91
0·39
0·39
,0·001

51/140
0·62, 1·33 49/140
0·25, 0·61 19/141
0·25, 0·61 16/140

1·00
0·82 0·49, 1·36
0·35 0·18, 0·67
0·34 0·18, 0·66
,0·001

92/140
97/141
112/140
82/140

1·00
0·87
0·99
0·84
0·577

29/140
0·57, 1·32 27/141
0·64, 1·51 26/140
0·55, 1·29 27/140

1·00
0·90 0·46, 1·74
0·82 0·41, 1·64
1·03 0·53, 2·00
0·941

82/140
91/141
109/140
75/140

1·00
0·90
1·08
0·85
0·651

39/140
0·59, 1·39 33/141
0·69, 1·67 29/140
0·54, 1·32 34/140

122/140
111/141
87/140
63/140

1·00
0·87
0·67
0·54
0·001

42/140
0·60, 1·25 38/141
0·46, 0·99 17/140
0·36, 0·81 12/140

1·00
0·88 0·52, 1·49
0·43 0·22, 0·81
0·31 0·15, 0·64
,0·001

114/140
105/141
79/140
59/140

1·00
0·88
0·65
0·54
0·001

50/140
0·61, 1·28 44/141
0·44, 0·96 25/140
0·36, 0·82 16/140

ERþPR2
No. of
cases/
95 % CI controls

ER2PR2

Adjusted
OR*
95 % CI

No. of
cases/ Adjusted
controls OR*

95 % CI

11/140
6/140
8/141
5/140

1·00
0·54
0·74
0·47
0·246

0·19, 1·54
0·28, 1·94
0·16, 1·41

34/140
31/140
26/141
14/140

1·00
0·77
0·74
0·47
0·040

0·43, 1·39
0·40, 1·36
0·23, 0·94

1·00
0·77
0·79
0·57
0·014

8/140
0·52, 1·13 9/140
0·53, 1·16 10/139
0·38, 0·87 3/142

1·00
1·14
1·22
0·39
0·282

0·42, 3·13
0·46, 3·25
0·10, 1·51

45/140
32/140
93/139
14/142

1·00
0·73
0·31
0·35
,0·001

0·42, 1·26
0·16, 0·62
0·18, 0·69

121/140
130/140
56/141
46/140

1·00
0·90
0·39
0·40
,0·001

17/140
0·61, 1·32 15/140
0·25, 0·61 2/141
0·25, 0·62 6/140

1·00
0·23
0·10
0·29
0·008

0·08, 0·68
0·02, 0·45
0·10, 0·82

34/140
44/140
17/141
10/140

1·00
1·16
0·50
0·35
0·002

0·65, 2·05
0·24, 1·01
0·16, 0·79

1·00
0·81 0·44, 1·46
0·66 0·35, 1·24
0·96 0·53, 1·74
0·829

82/140
89/141
108/140
74/140

1·00
0·88
1·07
0·84
0·651

0·57, 1·36
0·69, 1·66
0·54, 1·31

10/140
8/141
4/140
8/140

1·00
0·76
0·36
0·87
0·605

0·26, 2·22
0·10, 1·32
0·29, 2·58

29/140
25/141
25/140
26/140

1·00
0·82
0·39
1·01
0·942

0·42, 1·61
0·39, 1·57
0·51, 1·97

1·00
0·85 0·52, 1·39
0·52 0·30, 0·91
0·35 0·19, 0·66
,0·001

113/140
104/141
78/140
58/140

1·00
0·88
0·65
0·54
0·001

0·61, 1·28
0·44, 0·96
0·36, 0·82

9/140
7/141
9/140
5/140

1·00
0·74
0·98
0·56
0·451

0·26, 2·06
0·37, 2·61
0·18, 1·74

41/140
37/141
16/140
11/140

1·00
0·88
0·41
0·30
,0·001

0·52, 1·50
0·21, 0·79
0·14, 0·62

0·58, 1·27
0·52, 1·16
0·44, 1·00

Carotenoid intake and breast cancer risk

a-Carotene
, 326·37
326·37–542·27
542·27–945·61
. 945·61
P for trend
b-Carotene
,3933·00
3933·00 –5593·64
5593·64 –8382·49
. 8382·49
P for trend
b-Cryptoxanthin
, 49·76
49·76–82·67
82·67–135·17
. 135·17
P for trend
Lycopene
, 358·50
358·50–811·60
811·60–1410·03
. 1410·03
P for trend
Lutein/zeaxanthin
,3510·94
3510·94 –5387·79
5387·79 –7999·28
. 7999·28
P for trend

ER2

* Adjusted for income, passive smoking, first-degree relative with cancer, total energy intake, red meat intake and white meat intake.
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0·027
0·331
37/50
0·71
0·40, 1·27
52/52
0·86
0·49, 1·50
* Adjusted for income, passive smoking, first-degree relative with cancer, total energy intake, red meat intake and white meat intake.

51/63
0·76
0·44, 1·30
65/57
1·00
,0·001
47/90
0·41
0·25, 0·66
124/78
1·03
0·67, 1·58
117/83
1·00

68/88
0·53
0·36, 0·83

0·777
0·827
42/47
0·92
0·49, 1·74
49/54
0·83
0·43, 1·59
54/61
0·84
0·46, 1·53
60/60
1·00
0·587
84/93
0·85
0·52, 1·40
89/80
0·98
0·60, 1·60
75/80
1·00

108/86
1·08
0·66, 1·76

0·357
0·009
27/42
0·57
0·30, 1·09
28/55
0·36
0·19, 0·69
74/68
0·80
0·47, 1·37
76/57
1·00
,0·001
44/98
0·31
0·19, 0·51
130/72
1·02
0·65, 1·62
119/83
1·00

63/86
0·43
0·26, 0·71

0·165
0·251
37/52
0·70
0·39, 1·25
53/54
0·76
0·44, 1·31
46/55
0·69
0·39, 1·22
69/61
1·00
0·001
51/90
0·46
0·29, 0·74
106/85
0·86
0·56, 1·34
111/79
1·00

88/85
0·73
0·47, 1·14

0·470
0·084
35/54
0·54
0·29, 0·99
50/54
0·64
0·36, 1·14
57/68
0·54
0·31, 0·94
63/46
1·00
0·071
63/86
0·67
0·42, 1·06
92/87
0·92
0·59, 1·43
100/72
1·12
0·72, 1·76
101/94
1·00

a-Carotene
No. of cases/controls
Adjusted OR*
95 % CI
b-Carotene
No. of cases/controls
Adjusted OR*
95 % CI
b-Cryptoxanthin
No. of cases/controls
Adjusted OR*
95 % CI
Lycopene
No. of cases/controls
Adjusted OR*
95 % CI
Lutein/zeaxanthin
No. of cases/controls
Adjusted OR*
95 % CI

Q3
Q1

Q2

Q3

Q4

P for trend

Q1

Q2

Postmenopausal
Pre-menopausal

(Odds ratios and 95 % confidence intervals)

Table 5. Risk for breast cancer according to quartiles (Q) of the daily intake of carotenoids stratified by menopausal status
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Q4

P for trend

Pinter

L. Wang et al.

with the risk of ERþ PRþ breast cancer, but not with
other breast cancer groups jointly defined by ER and PR
status(21). In the Long Island Breast Cancer Study, b-carotene
intake was found to be inversely associated with ERþPRþ
and ER2 PR2 tumours in postmenopausal women(3). The
results of the present study suggested that dietary intakes
of a-carotene, b-carotene, b-cryptoxanthin and lutein/
zeaxanthin were inversely associated with all breast cancer
subtypes as defined by ER and PR status.
In the present study, the protective effect of specific carotenoid
intakes including a-carotene, b-carotene, b-cryptoxanthin
and lutein/zeaxanthin on the risk of breast cancer was mainly
observed in pre-menopausal women. In consistent with the
present study, some previous studies assessing the association
by menopausal status have provided some evidence of an inverse
association for pre-menopausal women(13,19,20,24,26), although
relatively few studies have observed this relationship in postmenopausal women(3,22). The Collaborative Breast Cancer
Study has found that a higher intake of b-carotene (OR 0·81,
95 % CI 0·68, 0·98) and lutein/zeaxanthin (OR 0·83, 95 % CI 0·68,
0·99) from food was associated with a statistically significant
lower risk among pre-menopausal women(13,24). Other two
earlier studies(19,20) have also found the beneficial effects of
high dietary b-carotene intake on the reduced risk of pre-menopausal breast cancer. The possible mechanism of this inverse
association observed among pre-menopausal women is unclear
and needs to be verified by more studies. Although the protective
effect of a-carotene, b-carotene and lutein/zeaxanthin intakes on
the risk of breast cancer was not found among postmenopausal
women, due to the lower numbers involved in the stratified analysis, chance or low statistical power was more likely to explain
some of these non-significant associations. Therefore, studies
with larger sample size are needed to clarify this association.
Only ten cases and eight controls were active smokers in the
present study. However, 57·2 and 42·8 % of breast cancer cases
and controls were second-hand smokers. Multivariate analyses
stratified by passive smoking status showed that the observed
inverse association between dietary intakes of a-carotene,
b-carotene, b-cryptoxanthin and lutein/zeaxanthin and the
risk of breast cancer was only confined to women exposed
to SHS. So far, no previous studies have elevated the effect
modification of passive smoking status on the relationship
between carotenoid intake and the risk of breast cancer. However, three previous studies examined the modifying effects
of active smoking status on carotenoid intake and the risk of
breast cancer. The Nurses’ Health Study II(26) has shown that
dietary intakes of a-carotene and b-carotene were associated
with a reduced risk of breast cancer among current smokers.
The Collaborative Breast Cancer Study(13), a large population-based case –control study, has found a significant
inverse association between dietary intakes of a-carotene,
b-carotene and lutein/zeaxanthin and the risk of breast cancer
among ever smokers. The Swedish Cohort study(23) has also
shown that dietary intakes of a-carotene and b-carotene
were inversely associated with the risk of breast cancer
among ever smokers. These findings are consistent with a protective influence of a carotenoid-rich diet on reactive oxygen
species-induced damage from tobacco smoke. It is well
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0·014
,0·001
47/67
0·37
0·22, 0·62
74/78
0·51
0·32, 0·82

0·326
0·247
76/66
0·72
0·43, 1·21
99/71
0·81
0·49, 1·35

0·372
,0·001
40/63
0·32
0·19, 0·54
55/60
0·40
0·23, 0·67

0·001
,0·001
39/69
0·29
0·17, 0·50
103/75
0·62
0·40, 0·99

0·101
0·008
51/65
0·49
0·30, 0·81
85/61
0·78
0·49, 1·25

Pinter
P for trend
Q4
Q3

107/67
0·68
0·43, 1·08
* Adjusted for income, first-degree relative with cancer, total energy intake, red meat intake and white meat intake.

124/58
1·00
0·225
37/71
0·77
0·44, 1·32
64/69
1·42
0·85, 2·35
54/82
1·00

42/63
1·02
0·59, 1·75

89/62
0·82
0·50, 1·37
92/67
1·00
0·649
48/73
1·09
0·59, 1·99
52/77
1·00
0·55, 1·80
41/70
1·00

56/65
1·27
0·68, 2·38

126/76
0·70
0·45, 1·11
135/67
1·00
0·001
30/74
0·52
0·29, 0·94
74/61
1·21
0·70, 2·08
57/71
1·00

36/79
0·44
0·24, 0·80

89/66
0·59
0·37, 0·95
125/56
1·00
0·950
49/73
1·11
0·66, 1·87
61/68
1·34
0·80, 2·26
51/83
1·00

36/61
1·01
0·58, 1·78

107/70
0·83
0·53, 1·31
113/70
1·00
0·810
46/75
0·86
0·50, 1·51
55/73
1·01
0·58, 1·74
49/68
0·83
0·47, 1·46

Q1
P for trend
Q4
Q3
Q2
Q1

47/69
1·00

a-Carotene
No. of cases/controls
Adjusted OR*
95 % CI
b-Carotene
No. of cases/controls
Adjusted OR*
95 % CI
b-Cryptoxanthin
No. of cases/controls
Adjusted OR*
95 % CI
Lycopene
No. of cases/controls
Adjusted OR*
95 % CI
Lutein/zeaxanthin
No. of cases/controls
Adjusted OR*
95 % CI

Q2

Yes
Never

(Odds ratios and 95 % confidence intervals)

Table 6. Risk for breast cancer according to quartiles (Q) of the daily intake of carotenoids stratified by passive smoking status
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known that smoking causes oxidative stress and that smokers
have lower plasma levels of some carotenoids. It has been
suggested that during both passive and active smoking, oxidative stress is clearly exacerbated(47). This might be the possible
reason of the protective effect of specific carotenoid intake
on the risk of breast cancer among passive smokers observed
in the present study. Further studies conducted in different
ethnic populations will be needed to clarify this issue.
The present study had some limitations. First, selection bias
is a potential limitation in hospital-based case– control studies.
The hospital-based controls may not be representative of the
general population and dietary habits may be different from
the general population. Another concern is that the controls
recruited from hospitals may have conditions potentially
related to diet. To minimise this bias, we recruited controls
from several conditions with no apparent associations with a
dietary cause. In addition, the high participation rate (93·3
and 94·4 % 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. Second, recall bias can be a threat to retrospective
study design. The controls did not have a malignancy problem
and their recall of past dietary exposures might differ from
the cases. The presence of breast cancer among the case subjects might act as a stimulus, affecting the patient’s perception
of a possible exposure to a hypothesised risk factor(48). For
example, breast cancer cases may have adopted a healthier
eating behaviour after diagnosis which may have influenced
their self-report of dietary intake. On the other hand, dietary
intake of breast cancer cases may have been adversely
affected by the presence of the disease. To minimise this
bias, we tried to interview cases as soon as diagnosis was
made. In addition, in the present study, greater effort was
made to interview cases before their surgery. Moreover,
food photographs with usual intake portions were provided
to assist participants with quantification of intake. To improve
the comparability of the recall between the cases and controls,
all interviews were conducted in a hospital setting and a standardised questionnaire interview method was used among
both cases and controls. Third, random measurement error
in the estimation of usual intake is also of concern. Dietary
intake assessed by FFQ is less precise than some other
methods and may involve some measurement error. However,
the results of the validation study showed that the FFQ
had satisfactory reproducibility and reasonable validity. Therefore, the probability of bias arising from measurement error
should be reduced in the present results.
In conclusion, dietary intakes of a-carotene, b-carotene,
b-cryptoxanthin and lutein/zeaxanthin were inversely associated with the risk of breast cancer among Chinese women.
This protective effect may be more pronounced among premenopausal and SHS status women.
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