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Abstract The purpose of this article is to comprehen-
sively summarize the associations between carotenoids and
breast cancer and quantitatively estimate their dose—
response relationships. We searched PubMed, Embase, and
Cochrane databases (from January 1982 to 1 May 2011)
and the references of the relevant articles in English with
sufficient information to estimate relative risk or odds ratio
and the 95% confidence intervals, and comparable cate-
gories of carotenoids. Two reviewers independently
extracted data using a standardized form; with any dis-
crepancy adjudicated by the third reviewer. 33 studies met
the inclusion criteria. Comparing the highest with the
lowest intake: dietary o-carotene intake significantly
reduced the breast cancer risk by 9.0% (pooled RR = 0.91;
95% CI: 0.85-0.98; P = 0.01), dietary f-carotene intake
reduced the risk by 6.0% (pooled RR = 0.94; 95% CI:
0.88-1.00; P = 0.05); total f-carotene intake reduced the
risk by 5.0% (pooled RR = 0.95; 95% CI: 0.90-1.01;
P = 0.08) when data from cohort studies were pooled.
Significant dose-response relationships were observed in
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both the higher intake of dietary and total f-carotene with
reduced breast cancer risk when data from cohort studies
(Pgena < 0.01, Pyeng = 0.03) and case—control studies
(Pyend < 0.01, Pyeng < 0.01) were pooled, respectively.
Dietary o-carotene intake could reduce the breast cancer
risk. The relationships between dietary and total f-carotene
intake and breast cancer need to be confirmed. No signif-
icant association between dietary intake of f-cryptoxan-
thin, lutein/4-zeaxanthin, and lycopene and breast cancer
was observed.

Keywords Carotenoids - Breast cancer - Meta-analysis -
Meta-regression

Introduction

Breast cancer is by far the most frequent cancer among
women with an estimated 1384,000 new cases and 458,000
deaths worldly in 2008 [1]. Its etiology is multifactorial, and
is not completely known. Since the changes in the incidence
of breast cancer among migrant populations were reported
[2, 3], environmental factors, particularly dietary factors,
have been postulated to play important roles in the etiology
of breast cancer [3-5]. Carotenoids (x-carotene, ff-carotene,
p-cryptoxanthin, lutein/+zeaxanthin, and lycopene) are
hypothesized to reduce the risk of breast cancer due to their
capacity for scavenge DNA damaging free radicals, inhibit
cell proliferation, induce apoptosis, and suppress angio-
genesis [6—8]. A number of case—control and prospective
cohort studies have investigated the relationships between
the carotenoids and breast cancer. However, the results
remain inconsistent. Two meta-analyses have been repor-
ted; the first on the association between dietary f-carotene
and breast cancer in 2000 [9], pooling the results of 7
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case—control and 4 cohort studies; the second [10] on the
association between f-carotene supplements and breast
cancer in 2010, which pooled the results of 4 RCTs. No
meta-analysis about the associations between a-carotene,
p-cryptoxanthin, lutein/+zeaxanthin, and lycopene and
breast cancer has been reported. Since the first two meta-
analyses were published, 20 inconsistent observational
studies with large samples have been published [11-30].
Meanwhile, among the carotenoids, which one play a
greater role in reducing breast cancer risk remains unclear.
Therefore, we performed a meta-analysis and meta-regres-
sion to comprehensively and comparatively assess the
associations between carotenoids and breast cancer.

Materials and methods
Primary search strategy

We conducted a literature search using PubMed, Embase,
and the Cochrane library from January 1982 to 1 May 2011
with the following subject terms: ‘carotenoids’, ‘a-caro-
tene’, ‘f-carotene’, ‘f-cryptoxanthin’, ‘lutein/+zeaxan-
thin’, ‘lycopene’, and ‘breast, mammary cancer, and/or
carcinoma and/or neoplasm’. Papers were restricted to
human studies published in English. Additional articles were
obtained from the reference lists of the selected articles,
reviews and from the PubMed option “Related articles”.

Criteria for inclusion and exclusion

Observational studies about the association between carote-
noids and breast cancer, regardless of sample size, were only
included if they met the following criteria: (1) Sufficient
information was provided to estimate the relative risk (RR) or
odds ratio (OR) and 95% confidence intervals. (2) The
reported categories for consumption of these carotenoids had
to be comparable. (3) The studies were unrelated. (4) For
articles with same population resources or overlapping data-
sets, the largest or most recent one was included.

Data extraction

Two reviewers (F.L and B.N) independently extracted data
using a standardized data extraction form. Any discrepancy
was discussed and adjudicated by a third reviewer (W.C)
until a consensus was achieved. Information extracted from
each article included the following: first author, year of
publication, country, types of study design, number of
cases and controls, odds ratio (OR) or relative risk (RR),
and corresponding 95% confidence intervals for “non-ref-
erence vs. reference” intake including “the highest vs. the
lowest”, and adjustment factors.

@ Springer

We considered f-carotene intake as combined intake in
the following two situations: (1) the author described that
the f-carotene intake was from food and supplements
together without detailed information of f-carotene intake
from food and supplements separately; (2) the authors
presented the results of f-carotene intake from food and
supplements both combined and separately. In conducting
meta-analysis, the combined intake and dietary intake of
f-carotene were pooled together as total intake. Because
less supplements of a-carotene, [f-cryptoxanthin, lutein/
+zeaxanthin, and lycopene were used in the studies
reviewed, we considered them as dietary intake.

The distributions of intake levels of these carotenoids
were partitioned into 2-5 categories in the articles
reviewed. All the categories with different units (e.g.,
mg/day, IU/day, g/day) were conversed into pg/day. The
midpoint of every category was used as the intake level; for
the highest category, the intake level was defined as its 1.2
times [31].

For o-carotene, the highest intake level was approxi-
mately “2000 pg/day”, the lowest intake level was
about “300 pg/day”; for p-carotene, they were about
“7000 pg/day” and “1500 pg/day”; for f-cryptoxanthin, they
were about “200 pg/day” and “20 pg/day”; for lutein/+-zea-
xanthin, they were about “5000 pg/day” and “1000 pg/day”;
for lycopene, they were about “10,000 pg/day” and
“2000 pg/day”.

In order to eliminate the variance of categories, the
following dosages were used to conduct meta-regression:
500 pg/day, 1000 pg/day, and 1500 pg/day for a-carotene;
2000 pg/day, 3000 pg/day, and 5000 pg/day for p-caro-
tene; 50 pg/day, 100 pg/day and 150 pg/day for fS-cryp-
toxanthin; 2000 pg/day, 3000 pg/day and 4000 pg/day for
lutein/+zeaxanthin and lycopene.

Most of estimated associations between breast cancer
and these carotenoids were adjusted for some confounders
or their combinations. If both the crude OR/RR (95% CI)
and multivariate adjusted OR/RR (95% CI) were provided,
the one reflecting the greatest adjustment was extracted, as
suggested by Chene et al. [32]. If only crude OR/RR (95%
CI) or number of cases and controls was provided, the
crude OR/RR (95% CI) or number of cases and controls
was extracted to pool the risk estimates. For studies that
displayed both crude OR/RR (95% CI) and multivariate
adjusted OR/RR (95% CI), the data was extracted sepa-
rately and compared, as suggested by Trock et al. [33]. The
ratio of the pooled odds ratios of adjusted ORs and crude
ORs were considered as a confounding odds ratio (ORc). If
ORc > 1, it indicated that ORs adjusted for confounding
factors exhibited larger odds ratios than that not adjusted.
Conversely, if ORc < 1, it indicated that ORs adjusted for
confounding factors exhibited smaller odds ratios than that
not adjusted [33].
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Statistical analysis

We pooled study-specific ORs or RRs and 95% CI for
comparing the highest with the lowest intake to evaluate
the associations between carotenoids and breast cancer.
I* was adopted to assess heterogeneity among studies
[34]. When heterogeneity was not an issue (I2 < 50%),
fixed effect model with Mantel-Haenszel method was
used to calculate the pooled OR/RR. Otherwise, a ran-
dom effect model with inverse variance method was
used [35]. We conducted sensitivity analyses to evaluate
whether the removal of one study at a time would
influence the results and whether the category levels
would influence the results. The significant o level of
0.05 was used.

We conducted meta-regression to estimate dose—
response relationships across studies, and conducted
spearman correlation to analyze the significance of dose—
response relationships. The individual LnOR/RR in a sin-
gle study related to an exposure was modeled in the fol-
lowing way [31]:

LnRR; = bxj

where xj, j=1,...,j— 1, was the value of exposure in
the jth non-reference exposure category, and b was

estimated by the inverse variance-weighted least squares
as follows:

b 2 WY
> wix?

where wj:V’l, y; = InRR;, and x was the value of
exposure. When the j — 1 values of yj was independent,
the standard error of b was:

SE(b) = (Z wjsz) e

The variance of the LnRR was calculated by the
following way:

v = (InuRR; — In[RR;)/(2 x 1.96)°

The value of b in a single study and its standard error
was transformed into OR/RR and 95% CI, and then pooled
RR/ORs and 95% CI were calculated.

Publication bias was investigated with funnel plots.
Furthermore, linear regression approach [36] and rank
correlation method [37] were adopted. Meta-analysis was
conducted with comprehensive meta-analysis (Version 2
Biostat, Inc., USA). Meta-regression was performed by
SAS 9.1 (SAS Institute, Cary, NC, USA).

Fig. 1 Flow chart of study
identifying and including trials

Articles identified from PubMed (n=2328)

Articles identified from EMBASE
and Cochrane (n=1165)

Articles after excluding on screening titles and/or abstracts or duplicates (n=112)

A 4

Articles excluded due to no related factors we studied (n=62)

A 4

Potentially appropriate articles to be included in this meta-analysis (n=50)

\ 4

Articles excluded from this meta-analysis (n=17):

1. Plasma or serum level of these carotenoids (n=10).

2. No category, OR/RR and 95%CI, or number of cases and
controls to calculate pooled RR (n=2).

3. Studies focused on breast cancer survival (n=1).

4. Study subjects replicated with other studies (n=4).

Articles included (n=33)

@ Springer
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Results
Characteristics of included studies

Figure 1 summarizes the process of identifying eligible
articles. After screening by two reviewers independently
according to the inclusion criteria, 33 studies entered this
meta-analysis. As shown in Table I in Supplementary
material, there were 24 case—control studies including 13
hospital-based case—control studies [12, 13, 15-17, 23, 28,
38-43] and 11 population-based case—control studies [18,
19, 22, 24, 26, 27, 44-48], 1 nested case—control study
[29], 2 case—cohort studies [21, 49], and 6 cohort studies
[11, 14, 20, 25, 30, 50].

Associations between carotenoids and breast cancer
a-Carotene

There were 5 cohort studies and 9 case—control studies
on the relationship between o-carotene and breast cancer.
However, in 2 of these studies the OR/RR was analyzed
in pre- and post-menopausal status, respectively [14, 22],
so we regarded them as four independent comparisons.
As shown in Table II in Supplementary material and
Figs. 2a and 3a, 6 cohort comparisons and 10 case—
control comparisons entered the meta-analysis. Compar-
ing the highest with the lowest intake, the dietary intake
of a-carotene significantly (P = 0.01) reduced the breast
cancer risk by 9.0% (pooled RR = 091; 95% CI:
0.85-0.98; P = 0.00%) when data from cohort studies
were pooled. In further subgroup analyses, the significant
results only remained in studies after 2000 (pooled
RR = 0.90; 95% CI: 0.82-0.98) and studies with follow-
up time <8.0 years (pooled RR = 0.88; 95% CI:
0.78-0.99).

When data from case—control studies were pooled, the
dietary intake of o-carotene significantly (P = 0.02)
reduced the breast cancer risk by 18.0% (pooled
OR = 0.82; 95% CI 0.70-0.97; I* = 66.32%). The
significant results only remained in hospital-based case—
control studies (pooled OR = 0.54; 95% CI: 0.42-0.70;
I’ = 43.15%), and in pre- and post-menopausal women
(pooled OR = 0.78; 95% CI: 0.62-0.99; P =176.37%)
in further subgroup analyses based on the types of
control, menopausal status, year of publication, and
countries.

As to types of control, the heterogeneity was reduced in
both subgroups. The pooled OR of 3 hospital-based case—
control studies was significantly different from that of 7
population-based controls (Pooled OR = 0.92, 95% CI:
0.85-1.00, with I* of 31.55).

@ Springer

p-Carotene

There were 8 cohort studies and 23 case—control studies on
the relationship between f-carotene and breast cancer. In 3 of
these studies, the RR/OR was analyzed in pre- and post-
menopausal status, respectively [14, 22, 25], in another study
the OR was analyzed from vegetable and from non-vegetable
sources, respectively [47]. As shown in Table II in Supple-
mentary material and Figs. 2b, c, d and 3b, ¢, 10 cohort
comparisons and 25 case—control comparisons entered the
meta-analysis. Comparing the highest with the lowest intake,
the dietary intake of f-carotene reduced the breast cancer
risk by 6.0% (pooled RR = 0.94; 95% CI: 0.88-1.00;
P = 12.15%; P = 0.05), and the total intake of f-carotene
reduced the breast cancer risk by 5.0% (pooled RR = 0.95;
95% CI: 0.90-1.01; P = 0.00%; P = 0.08) when data from
cohort studies were pooled. In further subgroup analyses
based on menopausal status, year of publication, country,
and time of follow-up, significant results only remained in
post-menopausal women and studies with follow-up time
<8.0 years for dietary f-carotene (pooled RR = 0.89 (95%
CI: 0.81-0.97) and 0.87 (95% CI: 0.78-0.98), respectively),
no significant result was observed for total f-carotene.

When data from case—control studies were pooled,
the dietary intake of f-carotene significantly (P < 0.01)
reduced the breast cancer risk by 25.0% (pooled
OR = 0.75; 95% CI: 0.67-0.85; I* = 69.00%), and the
total intake of fS-carotene significantly (P < 0.01) reduced
the breast cancer risk by 24.0% (pooled OR = 0.76; 95%
CL 0.67-0.85; P> = 67.67%). The associations between
dietary and total intake of f-carotene and breast cancer risk
were all significant in further subgroup analyses.

As to the types of control, the heterogeneity for the
association between dietary f-carotene and breast cancer
was not reduced in 12 hospital-based case—control studies
(P = 69.43%), but it decreased in 12 population-based
case—control studies (I2 = 43.31%). The pooled ORs of the
hospital-based case—control studies was 0.63 (95% CI:
0.53-0.74), significantly lower than that of population-
based controls (pooled RR = 0.90; 95% CI: 0.84-0.96)
(P < 0.01).

For the association between total f-carotene and breast
cancer, the heterogeneity was not reduced in 13 hospital-
based case—control studies (I2 = 67.07), but it decreased in
12 population-based case—control studies (I* = 43.17). The
pooled OR of hospital-based case—control studies was 0.64
(95% CI: 0.54-0.75), significantly lower than that of pop-
ulation- based controls (pooled OR = 0.90; 95% CI: 0.84-
0.96) (P < 0.01).

The combined intake of f-carotene had no statistically
significant association with breast cancer (pooled RR =
0.94; 95% CI. 0.87-1.03) when data from 4 cohort
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Fig. 2 The forest plots for the
associations between dietary
o-carotene (a), dietary
p-carotene (b), combined intake
of f-carotene (c), total
p-carotene (d) and the breast
cancer pooling on cohort studies

A Meta Analysis

Study name Statistics for each study Qdds ratio and 95% ClI

Odds Lower Upper
ratio limit limit p-Value Z-Value

Zhang S(1998)pre 084 067 1.06 0.14 -149

Zhang S(1999) post 098 085 1.13 078 -0.28

Cho E (2005) 085 067 108 018 -133

Cui Y {2008) 089 078 102 0.09 -170

Terry P (2002) 101 081 126 0.93 0.09

Larsson SC(2010) 0.86 070 1.05 014 -148

Combined RR 091 085 098 0.01 -247

0102 05 1 2 5 10

B Meta-analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio limit  limit Z-Value p-Value
Cui Y (2008) 08 075 099 -213 003
Nagel G (2010)pre 104 085 127 038 070
Nagel G (2010)post 093 082 105 -115 025
Larsson SC({2010) 0.87 071 106 -136 017

Cho E (2005) 096 075 122 -033 074
Terry P (2002) 108 091 127 087 038
Shibata A (1992) 079 057 110 -141 0.16
Combined RR 094 088 100 -197 005
0102 05 1 2 5 10
C Meta Analysis
Study name Statistics for each study Odds ratio and 95% Cl

Odds Lower Upper

ratio limit limit Z-Value p-Value
Cui Y (2008) 097 086 110 -048 063
Zhang S (1999) pre 083 066 104 -161 0.11
Zhang S (1999) post 094 081 109 -082 041
Verhoeven DTH (1997) 101 072 142 006 095
Combined RR 094 087 103 -138 017

0102 05 1 2 § 10

D Meta-analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper

ratio  limit  limit Z-Value p-Value
Cui 'Y {2008) 097 086 110 -049 063
Zhang S (1999) pre 083 066 104 -161 0.1
Zhang S (1999) post 094 081 109 -082 041
Verhoeven DTH (1997) 1.01 072 142 006 095
Nagel G (2010) pre 1.04 085 127 038 0.70
Nagel G (2010) post 093 082 105 -115 025
Larsson SC (2010) 087 071 106 -136 0.17

Cho E (2005) 096 075 122 -033 074
Terry P {2002) 1.08 091 127 087 038
Shibata A (1992) 079 057 110 -141 0.16
Combined RR 0985 080 101 -173 0.08

0102 05 1 2 5 10
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Fig. 3 The forest plots for the
associations between dietary
o-carotene (a), dietary
p-carotene (b), total ff-carotene
(c) and the breast cancer pooling
on case—control studies
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A Meta Analysis

Study name Statistics for each study Odds ratio and 95% CI

Odds Lower Upper
ratio limit limit p-Value Z-Value

Levi F (2001) 045 030 067 000 -397 ——
FreudenheimJL (18996) 067 042 107 010 -168 -
Ronco A (1999) 052 034 080 000 -300 ——
Wang CX (2009) 105 088 125 053 054

GaudetM M (2005)pre 108 071 167 063 038
GaudetM M (2005) post 073 054 089 004 -204

Mignone LI (2009) 087 077 098 002 -226
Potischman N (1889) 106 081 138 068 041
Nkondjock A (2004) 099 068 145 096 -0.05
Huang JP (2007) 090 043 166 074 -0.34
Combined OR 082 070 097 002 -232
01 02 05 1 2 5 10
B Meta Analysis
Study name Statistics for each study Odds ratio and 95% CI
OddsLowerUpper
ratio limit limit Z-Valug-Value
Lee HP (1991) 029 016 0.54 -3.93 0.00
Levi F (2001) 035 023 053 -4.93 0.00 —
FreudenheimJL (1996) 046 028 0.75 -3.13 0.00 ——
Ronco A (1998) 072 047 1.10 -1.51 0.13
Adzersen KH (2003) 046 027 0.78 -2.80 0.01 —
Gaudet M M (2005) pre 093 059 147 031 0.76 —
Gaudet M M (2005) post 074 055 1.00 -1.94 0.05 —
Levi F (1893) 058 034 0938 -1.99 0.05
Mignone LI (2009) 085 076 0.96 -2.73 0.01 -
Rohan TE (1988) 076 049 117 -1.25 0.21
Negri E (1996) 074 060 0.91 -2.91 0.00 -
Bohlke K (1889) 067 048 091 -254 0.01 el
Do MH (2003) 083 050 138 -0.72 047
Zaridze D (1981) 035 0.14 080 -2.17 0.03
Potischman N (1989) 096 070 131 -0.26 0.80 ——
Van'T Veer P (1990) 071 037 133 -1.08 0.28
Ewertz M (1880) fomvegetable 1.17 093 147 134 0.18 —
Ewertz M (1880) fromnon-vegetable15 087 152 098 0.33 —_—
Nkondjock A (2004) 099 067 147 -0.05 096 ——
Huang JP (2007) 038 021 0.70 -3.11 0.00
Iscovich JM (1889) 090 080 101 -1.77 0.08
LaVecchia C (1887) 083 060 1.14 -1.15 0.25
Challier B (1998) 091 054 152 -0.36 0.72
Richardson S (1991) 110 079 152 056 057
Combined OR 075 067 085 -462 0.00 L 4
0.1 0.2 05 1 2 5 10
C Meta-analysis
Study name Statistics for each study Odds ratio and95% CI
OddsLowerUpper
ratio limit limit Z-Valuep-Value
Lee HP (1991) 029 0.16 054 -383 0.00
Levi F (2001) 035 023 053 -493 000 —_—
Freudenheim JL (1996) 0.46 0.28 0.75 -3.13 000 —_—
Ronco A (1999) 072 047 110 151 013
Adzersen KH (2003) 0.46 027 079 -280 001 —_—
Challier B (1998) 091 054 152 036 072 —_—
Gaudet M M (2005) pre 093 059 147 031 076 —_—
Gaudet M M (2005) post 074 055 100 -194 005 —
Levi F (1993) 058 034 099 -199 005
Mignone L1 (2009) 085 076 09 -273 001 -
Rohan TE (1988) 076 049 117 -125 021
Negri E (1996) 074 060 091 -291 0.0 —
Bohke K (1999) 067 049 091 -254 001 ——
Richardson S (1991) 110 079 152 056 057 ——
Do MH (2003) 083 050 138 -0.72 047
Zaridze D (1991) 035 0.14 090 -217 003
Potischman N (1999) 094 072 124 -042 068 —
Van'T Veer P (1990) 071 037 133 -108 028
Ewertz M (1990) from vegetable 1.17 083 147 134 018 +—
EwertzM (1990) from non-vegetabld5 087 152 098 033 -
Nkondjock A (2004) 099 067 147 005 096 B
Huang JP (2007) 038 021 070 -3.11 000
Iscovich JM (1989) 090 080 101 -177 0.8
La Vecchia C (1987) 083 060 1.14 -115 025 —
Mannisto S (1999) 090 039 206 -025 080
Combined OR 076 067 085 -465 0.00 -
0.1 0.2 05 1 2 5 10
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comparisons were pooled. Only 2 population-based case—
control studies focused on the combined intake of f-caro-
tene and breast cancer risk (OR = 1.04; 95% CI:
0.85-1.35).

B-Cryptoxanthin, lutein/+zeaxanthin, and lycopene

There were 4 cohort studies and 10 case—control studies
on the relationship between lutein/+zeaxanthin and breast
cancer. However, in 2 of them the RR/OR was analyzed
in pre- and post-menopausal status, respectively [14, 22],
and in another study the OR between lutein and zeaxan-
thin and breast cancer was analyzed, respectively [27]. At
last, 6 cohort comparisons and 11 case—control compari-
sons entered this meta-analysis (Table II in Supplemen-
tary material; Appendix Figs. 6b, 7b). Comparing the
highest with the lowest intake, dietary intake of lutein/
+zeaxanthin reduced the breast cancer risk by 6.0%
(pooled RR = 0.94; 95% CI: 0.87-1.02; P = 0.00%;
P = 0.13) when data from cohort studies were pooled.
Additionally, no significant association was observed in
further subgroup analyses.

When data from case—control studies were pooled, die-
tary intake of lutein/4-zeaxanthin significantly (P = 0.01)
reduced the breast cancer risk by 21.0% (pooled
OR = 0.79; 95% CI: 0.66-0.94; I* = 70.37%). The sig-
nificant results only remained in hospital-based case—con-
trol studies (pooled OR = 0.54; 95% CI: 0.35-0.84;
P = 61.66%), and in studies published before 2000
(pooled OR = 0.69; 95% CI: 0.55-0.88; I* = 47.44%) in
further subgroup analyses based on the types of control,
menopausal status, year of publication, and countries.

As to the types of control, the heterogeneity decreased in
both subgroups of controls. The pooled OR of hospital-
based case—control studies was significantly lower than that
of population-based controls (pooled OR = 0.92, 95% CI,
0.85-1.00; I* = 41.47%) (P < 0.01).

There were 6 cohort studies and 9 case—control studies
on the relationship between lycopene and breast cancer. In
2 of these studies the RR/OR was analyzed in pre- and
post-menopausal status, respectively [14, 22]. Therefore 7
cohort comparisons and 10 case—control comparisons
entered the meta-analysis (Tables II in Supplementary
material; Appendix Figs. 6¢c, 7c). Comparing the highest
with the lowest intake, dietary intake of lycopene did not
significantly reduce the breast cancer risk (pooled
RR = 0.99; 95% CI: 0.93-1.06; I = 0.00%) when data
from cohort studies were pooled. Furthermore, no signifi-
cant association was observed in further subgroup analyses.

When data from case—control studies were pooled, die-
tary intake of lycopene significantly (P = 0.01) reduced
the breast cancer risk by 29.0% (pooled OR = 0.71; 95%
CL 0.56-0.92; P> = 84.71%). The significant results

remained in pre- and post-menopausal women, studies
published after 2000, and hospital-based case—control
studies in further subgroup analyses.

Subgroup analysis based on the types of control sug-
gested that the heterogeneity decreased in both subgroups;
the pooled OR of 3 hospital-based case—control studies was
0.34 (95% CI: 0.26-0.45, with I* of 10.12%), significantly
lower than that of population-based controls (pooled
OR = 0.92; 95% CI 0.85-1.01, with > of 41.94%)
(P < 0.01).

There was insufficient evidence to support the hypoth-
esis that dietary intake of f-cryptoxanthin had a significant
association with reduced breast cancer risk (Table II in
Supplementary material; Appendix Figs. 6a, 7a).

Sensitivity analysis

The removal of one study at a time had no influence on the
pooled RR/ORs of the associations between these carote-
noids and breast cancer.

For f-carotene, 3 of the 31 studies [22, 41, 49] provided
lower lowest intake level (197, 538, and 599.35 pg/day)
than other studies (887 to 2400 pg/day). Other 5 studies
[16, 24, 40, 43, 48] provided higher lowest intake level
(>3000 pg/day). Omitting 1 of the 8 studies or all the 8
studies had no significant influence on the pooled ORs.

Dose-response relationship

We evaluated and identified significant dose-response
relationships in both increasing dietary intake and total
intake of f-carotene and reduced breast cancer risk using
data from cohort studies. For the dietary intake of f-car-
otene, RRs were 0.97 (95% CI: 0.96-0.99), 0.96 (95% CI.:
0.93-0.98), and 0.93 (95% CI: 0.89-0.97) for 2000, 3000,
and 5000 pg/day intake, respectively (Pyena < 0.01). For
the total intake of f-carotene, RRs were 0.99 (95% CI:
0.97-1.00), 0.98 (95% CI: 0.96-1.00), and 0.96 (95% CI:
0.93-1.00) for the same corresponding intake dosages
(Ptrena = 0.03) (Table 1).

Significant dose-response relationships were also iden-
tified in both increasing dietary intake and total intake of -
carotene and reducing breast cancer risk using data from
case—control studies.

Confounding OR

Confounding OR was adopted to analyze the effect of
confounding factors on the pooled OR in case—control
studies. All the ORcs were lower than 1 without statistical
significance except the ORc of the associations between
dietary lutein/4-zeaxanthin and breast cancer (ORc = 1.02)
(data not shown).

@ Springer



246

Breast Cancer Res Treat (2012) 131:239-253

Table 1 Dose-response analysis on the associations between carotenoids and the risk of breast cancer in cohort and case—control studies

Carotenoids Cohort studies Case—control studies
No. of Pooled RR and P value for I No. of Pooled RR and P value for PP
comparisons 95% CI Z test comparisons 95% CI Z test

Dietary a-carotene
500 pg/day 4 0.97 (0.95-0.99)  0.01 1.38 7 0.91 (0.85-0.97) 0.01 86.26
1000 pg/day 4 0.94 (0.91-0.98)  0.01 1.41 7 0.82 (0.73-0.93) 0.01 86.26
1500 pg/day 4 0.91 (0.87-0.96)  0.01 1.40 7 0.75 (0.62-0.90) 0.01 86.26
Pirend 0.12 0.43

Dietary ff-carotene
2000 pg/day 5 0.97 (0.96-0.99)  0.01 0.00 11 0.89 (0.86-0.92) 0.01 53.19
3000 pg/day 5 0.96 (0.93-0.98)  0.01 0.00 11 0.84 (0.80-0.88) 0.01 53.18
5000 pg/day 5 0.93 (0.89-0.97)  0.01 0.00 11 0.75 (0.69-0.81) 0.01 53.18
Pirend <0.01 <0.01

Total f-carotene
2000 pg/day 5 0.99 (0.97-1.00)  0.02 0.00 12 0.89 (0.87-0.92) 0.01 53.35
3000 pg/day 5 0.98 (0.96-1.00)  0.02 0.00 12 0.85 (0.81-0.88) 0.01 53.35
5000 pg/day 5 0.96 (0.93-1.00)  0.02 0.00 12 0.76 (0.70-0.82) 0.01 53.72
Pirend 0.03 <0.01

Dietary lutein/4zeaxanthin
2000 pg/day 3 1.00 (0.94-1.08)  0.91 76.59 6 0.88 (0.84-0.92) 0.01 25.61
3000 pg/day 3 1.00 (0.91-1.12) 091 76.59 6 0.83 (0.77-0.89)  <0.01 25.61
4000 pg/day 3 1.01 (0.82-1.24)  0.96 76.59 6 0.88 (0.75-1.05) 0.15 79.52
Pirend 0.79 0.48

Dietary lycopene
2000 pg/day 3 1.00 (0.99-1.01)  0.88 0.00 6 0.87 (0.82-0.93) 0.01 91.17
3000 pg/day 3 1.00 (0.99-1.02)  0.88 0.00 6 0.82 (0.74-0.90) 0.01 91.17
4000 pg/day 3 1.00 (0.98-1.02)  0.88 0.00 6 0.76 (0.68-0.86)  <0.01 91.17
Pirend 0.59 0.40

Publication bias Discussion

Publication bias was observed in the associations between
dietary f-carotene, total f-carotene, dietary [-cryptoxan-
thin, and breast cancer when pooling data from case—con-
trol studies. As shown in Fig. 5, the funnel plots of them
were asymmetric, and the P value for Egger’s linear
regression was less than 0.05.

After adjustment with trim and fill method, the signifi-
cant associations between dietary and total intake of
f-carotene and the breast cancer become marginally sig-
nificant (pooled OR = 0.88 (95% CI: 0.77-1.00) and 0.88
(95% CI: 0.77-1.00), respectively). The association
between dietary [j-cryptoxanthin and breast cancer remain
non-significant (Table 2). The funnel plots for associations
between dietary o-carotene, dietary f-carotene, combined
intake of f-carotene, total f-carotene, dietary f-crypto-
xanthin, lutein/4+zeaxanthin, and lycopene and breast
cancer pooling on data from cohort and case—control
studies are shown in Figs. 4 and 5.

@ Springer

Our meta-analysis showed that the dietary intake of
a-carotene significantly reduced the risk of breast cancer in
both cohort studies and case—control studies; the dietary
intake and total intake of f-carotene reduced the risk of
breast cancer with marginal significance when data from
cohort studies were pooled. There were significant dose—
response relationships in both higher intake of dietary and
total f-carotene and reduced breast cancer risk when data
from cohort studies and case—control studies were pooled,
respectively.

In comparing the highest intake with the lowest intake
of these carotenoids, only a-carotene significantly reduced
the breast cancer risk in both cohort studies and case—
control studies. Nishino et al. [51] also found that o-caro-
tene have higher activity than f-carotene to suppress the
tumorigenesis in skin, lung, liver, and colon, although
p-carotene is up to date the most extensively studied
carotenoid to suppress the process of carcinogenesis.
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Table 2 Publication bias for associations between carotenoids and breast cancer comparing the highest with the lowest category in case—control

studies
Carotenoids Cohort studies Case—control studies
Publication P value P value No. of trim  Publication P value P value No. of trim  Adjusted RR
bias for Beggs for Egger and fill bias for Beggs for Egger and fill
Dietary No 0.45 0.54 0 No 0.37 0.30 2 -
o-carotene
p-Carotene
Dietary No 1.00 0.89 0 Yes 0.01 0.01 7 0.88 (0.77-1.00)
p-carotene
Combination No 0.65 0.53 0 - - - - -
(diet + sup)
Total No 0.72 0.48 1 Yes 0.01 0.01 7 0.88 (0.77-1.00)
p-carotene
Dietary No 1.00 0.91 0 Yes 0.18 0.02 4 1.12 (0.93-1.34)
p-cryptoxanthin
Dietary lutein/ No 0.26 0.68 0 No 0.06 0.11 4 -
+zeaxanthin
Dietary No 0.23 0.26 0 No 0.21 0.13 2 -
lycopene

The association between dietary intake of f-carotene and
breast cancer was only marginally significant in pooling the 8
cohort studies from developed countries. It has been reported
that ff-carotene could suppress the process of mammary car-
cinogenesis through inhibiting cell proliferation and inducing
apoptosis [7]. However, in rats models dietary ff-carotene
inhibits mammary carcinogenesis depending on dietary
o-linolenic acid content [52]. The interactions between
o-linolenic acid and f-carotene may influence the associa-
tions between dietary f-carotene and the risk of breast cancer.

One cohort study based on ten European countries with a
cohort size of 288776 found no evidence for the association
between dietary intake of f-carotene and breast cancer risk
[25]. Additionally, the meta-analysis by Druesne-Pecollo
et al. [10] pooling the results of 4 RCTs also found no sig-
nificant results between f-carotene supplements and breast
cancer risk (RR, 0.96; 95% CI: 0.85-1.10). However, the
meta-analysis conducted by Gandini et al. [9] pooling on 7
case—control and 4 cohort studies derived that intake of dietary
p-carotene could reduce the breast cancer risk, which may be
influenced by the significant results of case—control studies.

Dietary lutein inhibits mouse mammary tumor growth by
regulating angiogenesis and apoptosis [6]. However, the
lutein uptake can be significantly impaired by a mixture of
carotenoids (lycopene plus f-carotene) [53]. In vitro model,
lycopene has limited effect on cell proliferation [54, 55]. The
effects of lycopene on mammary tumorigenesis in mice’s
models were also ambiguous [56-58]. This may explain the
non-significant association between dietary intake of lutein/
+zeaxanthin and lycopene and breast cancer in the meta-
analysis. Dietary f-cryptoxanthin were reported to have an
anticancer effect through stimulating the expression of RB

gene, an anti-oncogene and p73 gene [51]. However, the
association between dietary intake of S-cryptoxanthin and
breast cancer risk was neither significant in cohort studies nor
in case—control studies, the interaction and absorption of
these carotenoids may be considered to explain the results.
The median time of follow-up in the nine cohort studies
varied from 7.6 to 9.9 years except the Netherlands cohort
study with a 4.3-year follow-up [49] and the Nurses’ Health
Study with a 14-year follow-up [14]. In subgroup analyses,
the time of follow-up had no significant influence on the
results. The results pooling on cohort studies were reliable
and stable. In this meta-analysis, the pooled ORs of case—
control studies tended to be more statistically significant
than those in cohort studies. Recall and selection bias
inherent in the case—control studies might explain the dif-
ferences in results between case—control and cohort studies
[59]. The collection of dietary information, definition of
food groups, and time period before interview varied across
studies might also explain the differences. In most case—
control studies, the adjusted OR was smaller than the crude
OR. However, from the results of confounding ORs, we can
see that the confounding factors did not significantly influ-
ence the results of meta-analysis in case—control studies.
The heterogeneity persisted in case—control studies. The
followings may explain the high heterogeneity: Firstly, dif-
ferent ages of the study population, the heterogeneity
decreased in post-menopausal groups but slightly increased in
pre- and post-menopausal groups in subgroup analyses based
on menopausal status. Secondly, different controls of the
study population, the heterogeneity decreased in both sub-
groups of controls (except ff-carotene, the heterogeneity only
decreased in population-based case—control studies) in
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Fig. 4 The funnel plots for the associations between dietary a-carotene (a), dietary f-carotene (b), combined intake of f-carotene (c), total
p-carotene (d), dietary f-cryptoxanthin (e), dietary lutein/+zeaxanthin (f), and dietary lycopene (g) and the breast cancer pooling on cohort studies
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Fig. 5 The funnel plots for the associations between dietary a-carotene (a), dietary f-carotene (b), total fi-carotene (c), dietary ff-cryptoxanthin
(d), dietary lutein/+zeaxanthin (e), and dietary lycopene (f) and the breast cancer pooling on case—control studies

subgroup analyses based on types of control. Finally, different
stages of breast cancer patients, 2 of the 24 case—control
studies selected invasive breast cancer patients [17, 24], one of
the 24 case—control studies selected early-stage breast cancer
patients [26]. Whereas other studies selected all the in situ,
early-stage, and invasive breast cancer patients.

Publication bias was judged by the funnel plots, Beggs
rank correlation and Egger’s linear regression. If the results
of Beggs rank correlation and Egger’s linear regression
were contradictory, we judged publication bias by the more

sensitive Egger’s linear regression. Furthermore, we used
trim and fill method to analyze whether the adjusted OR
was significant [60]. Publication bias persisted in the
associations between f-carotene and dietary [-cryptoxan-
thin and breast cancer when pooling data from case—control
studies. The adjusted ORs of dietary and total intake of
f-carotene after trim and fill method were marginally sig-
nificant, similar to the pooled RRs in cohort studies.

The pooled risk estimates generated on the 33 studies can
significantly increase the statistical power. However, like
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all meta-analyses, limitations should be considered in this
meta-analysis. Firstly, the interactions among these factors
may reinforce the association with breast cancer; the
socioeconomic position may influence the intake level of
these carotenoids. The lack of original data of the studies
reviewed limited our further evaluation of potential inter-
actions of these carotenoids and the influence of the
socioeconomic position on the results. Secondly, no cohort
study in Asia focused on the associations between carote-
noids and breast cancer. Thirdly, we did not assess the
quality score of every study included in this meta-analysis
because of no unified quality score assessment. Finally, not
all studies on the carotenoids were used to calculate meta-
regression because of non-comparable reference category
intake and discrepant distance between two quartiles.

Fig. 6 The forest plots for the A

In conclusion, total a-carotene intake could reduce the
breast cancer risk. The relationship between dietary and
total ff-carotene intake and breast cancer needs to be con-
firmed. No significant association between dietary f-cryp-
toxanthin, lutein/4zeaxanthin, and lycopene and the breast
cancer was observed.
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Appendix

See Figs. 6 and 7.

Meta Analysis

associations between dietary f-
cryptoxanthin (a), dietary
lutein/+zeaxanthin (b), and
dietary lycopene (c) and the

Study name

Statistics for each study

Odds ratio and 95%ClI

. ratio
breast cancer pooling on cohort
studies Zhang S (1999)pre 089
Zhang S (1999)post 0.97
Cho E (2005) 1.20
Cui Y (2008) 1.08
Terry P (2002) 1.04
Larsson SC {(2010) 1.02
Combined RR 1.03
B

Odds Lower Upper

limit limit Z-Valuep-Value
070 113 -095 0.34
0.8 112 -042 0.68
094 154 1.45 0.15
085 123 117 0.24
0.8 123 053 0.59
082 126 018 0.86
0386 1.11 0.86 0.39
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Study name

Statistics for each study

Odds ratio and 895% CI

Odds LowerUpper
ratio

Freudenheim JL (1996)
Zhang S (1999) pre
Zhang S (1998) post
Cho E {(2005)

Ronco A (1999)
Larsson SC {2010)
Combined RR

C

0.79
0.95
0.96
093
1.17
095
0.94

limit limit Z-Valuep-VYalue
063 098 -204 004
082 1.10 -068 049
075 122 -033 074
080 1.08 -0.98 033
090 153 116 025
078 1.16 -0.51 0.61
087 102 -153 0.13
0102 05 1 2 5 10

Meta Analysis

Study name

Statistics for each study

Odds ratio and 95% ClI

Odds LowerUpper

Freudenheim JL {1996) 1.10

Zhang S (1999) pre
Zhang S {1999) post
Cui Y (2008)

Terry P{(2002)

Sesso HD (2005)
Larsson SC (2010)

ratio limit limit Z-Valuep-Value

087 139 081 0.42
102 088 118 026 0.79
117 092 149 128 020
093 082 106 -1.11 027
099 084 1.16 -0.15 0.88
096 077 119 -037 071
091 073 114 -083 041
098 093 106 -029 0.77

Combined RR
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Fig. 7 The forest plots for the
associations between dietary f-
cryptoxanthin (a), dietary
lutein/4-zeaxanthin (b), and
dietary lycopene (c) and the
breast cancer pooling on case—
control studies
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A Meta Analysis
Study name Statistics for each study Odds ratio and 95% CI

Odds LowerUpper

ratio limit limit Z-Valuep-Value
Gaudet M M (2005) pre 086 055 134 -067 0.50
Gaudet M M (2005) post 100 074 135 000 1.00
Mignone LI (2009) 119 106 134 291 0.00 L]
Freudenheim JL (1996) 105 066 168 020 0.84
Ronco A (1999) 052 034 080 -3.00 0.00 ——
Wang CX (2009) 105 086 1.28 048 0.63
Potischman N (1999) 100 076 131 002 098
Nkondjock A (2004) 123 082 184 100 0.32
Huang JP (2007) 043 023 081 -260 0.01 e
Combined OR 095 080 113 -061 054

0102 05 1 2 5 10
B Meta Analysis
Study name Statistics for each study Odds ratio and 95% CI
Odds LowerUpper
ratio limit limitZ-Valug-Value
Levi F (2001) 108 071 1684 036 0.72
Cui Y (2008) 077 058 103 -1.75 0.08
Terry P (2002) 093 082 105 -115 025
Gaudet M M (2005) pre 047 028 078 -293 0.00
Gaudet M M (2005)post 066 043 1.01 -191 006 +a—
Mignone LI (2008) 037 025 055 -494 0.00 —a1
Wang CX (2009) 105 087 127 050 082
Potischman N (1999) 086 061 122 -085 039
Nkondjock A (2004) Lutein 081 055 120 -108 0.29
Nkondjock A (2004) zeaxanthin 1.10 0.75 162 048 0.63
Huang JP (2007) 072 040 130 -109 0.28
Combined OR 079 066 094 -262 0.0 >
01 02 05 1 2 5 10

C Meta Analysis
Study name Statistics for each study Odds ratio and 95% ClI

Odds Lower Upper
ratio limit limit Z-Valuep-Value

GaudetM M (2005) pre 153 092 253 165 0.10 —a

Gaudet M M (2005) post 066 048 090 -259 0.01 B _a

Mignone LI (2009) 093 082 105 -115 025 :

Cho E (2003) 087 055 138 -059 056

Ronco A (1991) 030 019 047 -521 0.00 ——

Levi F (2001) 043 028 066 -3.86 0.00 —

Wang CX {2009) 090 073 110 -1.02 031

Potischman N (1999) 112 084 149 078 043

Nkondjock A (2004) 085 058 125 -082 041 —.

Huang JP (2007) 026 014 047 -444 0.00 —u—

Combined OR 071 056 092 -263 0.01 -
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