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Abstract

Background

Many epidemiologic studies have investigated the association between carotenoids intake

and risk of Prostate cancer (PCa). However, results have been inconclusive.

Methods

We conducted a systematic review and dose-response meta-analysis of dietary intake or

blood concentrations of carotenoids in relation to PCa risk. We summarized the data from

34 eligible studies (10 cohort, 11 nested case-control and 13 case-control studies) and esti-

mated summary Risk Ratios (RRs) and 95% confidence intervals (CIs) using random-

effects models.

Results

Neither dietary β-carotene intake nor its blood levels was associated with reduced PCa risk.

Dietary α-carotene intake and lycopene consumption (both dietary intake and its blood lev-

els) were all associated with reduced risk of PCa (RR for dietary α-carotene intake: 0.87,

95%CI: 0.76–0.99; RR for dietary lycopene intake: 0.86, 95%CI: 0.75–0.98; RR for blood

lycopene levels: 0.81, 95%CI: 0.69–0.96). However, neither blood α-carotene levels nor

blood lycopene levels could reduce the risk of advanced PCa. Dose-response analysis indi-

cated that risk of PCa was reduced by 2% per 0.2mg/day (95%CI: 0.96–0.99) increment of

dietary α-carotene intake or 3% per 1mg/day (95%CI: 0.94–0.99) increment of dietary lyco-

pene intake.
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Conclusions

α-carotene and lycopene, but not β-carotene, were inversely associated with the risk of

PCa. However, both α-carotene and lycopene could not lower the risk of advanced PCa.

Introduction
PCa is the secondmost abundant male cancer [1]. Owing to the improved screening and early
detection procedures, rising incidence rates of PCa have been observed over the last few decades
[2]. However, the success in treating advanced PCa remains poor, drawing attention to dietary
factors that may influence risk of this malignancy, particularly carotenoids [3]. Lots of epidemio-
logical factors, including age, gender, ethnicity, genetic factors, family history, lifestyle, region and
diet, have been considered to be associated with the development of PCa [4]. For example, Asian
populations are generally at lower PCa risk compared with theWestern populations [5]. More-
over, the average annual incidence rate of PCa between 1988 and 1992 among Chinese men in
the United States was 15 times higher than that of their counterparts living in Shanghai and Tian-
jin [6], specially, the change of diet and lifestyle inevitably resulted in the increased prevalence of
obesity in East Asia [7], which might be responsible for increasing trend of PCa in East Asia—all
of which suggest that variations in lifestyle and diet may play a crucial role in PCa. Among a large
number of components of foods, carotenoids, especially its main active ingredients—carotene
and lycopene, have received special attention due to its promising antioxidative properties [8–10].

Carotenoids, which include α-carotene, β-carotene, lycopene, β-cryptoxanthin, lutein, and
zeaxanthin that represent the major carotenoids in the human diet [8], provide the yellow,
orange and red pigments in fruits and vegetables [11]. Carotenoids have distinct antioxidative
properties, including protecting DNA and other important biomolecules from free radicals
[12]. In 1981, Peto et al. hypothesized that dietary β-carotene from fruit and vegetables may
reduce human cancer incidence rates [13], since then a flurry of epidemiologic studies had
addressed this topic [14–17]. Carotenes(including α-carotene and β-carotene) have been inves-
tigated for many years now, but whether carotenes are related to the PCa are still mostly incon-
sistent. Lycopene is one of the most effective oxygen radical quenching agents among the
carotenoids [18], which is found in relatively high concentrations in the prostate gland [19].
The results of epidemiological studies have generally supported a protective effect on cancer of
carotenoid-rich foods. According to the latest Continuous Update Project(CUP) report sum-
marized by the World Cancer Research Fund(WCRF) in November 2014, there is limited evi-
dence for the effect of lycopene on PCa risk [20]. In contrast, substantial intake of β-carotene is
unlikely to have any effect on the PCa risk. These inconsistencies could be mainly due to con-
founding by nutritional as well as non-nutritional factors and lack of validity of carotenoids
estimates due to inaccurate dietary or blood concentration assessment.

Based on these inconsistencies, we conducted this meta-analysis on all published epidemio-
logic studies to date to reevaluate and quantify the relation between dietary intake or blood
concentrations of α-carotene, β-carotene, lycopene and risk of PCa.

Materials and Methods

Literature search
This meta-analysis was conducted in accordance with PRISMA guidelines(S1 PRISMA Check-
list). We conducted a comprehensive literature search of PubMed (http://www.ncbi.nlm.nih.
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gov/pubmed) and Embase (http://www.elsevier.com/online-tools/embase) (up to January
2015) using the key words: carotenoids, carotene, lycopene, prostate cancer, case-control study,
cohort study and text terms: micronutrients. Bibliographies from retrieved articles were also
scoured to find further eligible studies.

Study selection
Our objective was to thoroughly evaluate the relation between dietary intake or blood concen-
trations of α-carotene, β-carotene, lycopene and risk of PCa. Studies that met the following
criteria were included in the meta-analysis: 1) used epidemiologic investigation design: case-
control study, nested case-control study, cohort study, etc; 2) evaluated the association between
carotene(α- and/or β-), lycopene and PCa risk; and 3) provided RRs with 95% CIs for�3 expo-
sure categories. Furthermore, studies that additionally provided the doses of carotenoids, the
number of cases, and the number of controls(or person-years) in each of exposure categories
were included in the dose-response meta-analysis.

Data extraction and statistical analysis
The following information was extracted from each study: name of the first author, year of
publication, location of study, study period, study type, age of the study population at baseline,
number of cases/controls/total participants, year of follow-up, range of exposure(dietary intake
or blood levels) and adjustment for covariates. Independent data extraction was performed
by two authors(YL W and RC). Any discrepancies were resolved through discussing with the
third reviewer(QX).

Given the fact that the quality of the included studies evaluating these relations, especially in
terms of statistical power and the rigor with which the dietary data were collected, varied con-
siderably, we conducted a quality assessment on preliminarily included studies, by using the
9-star Newcastle-Ottawa Scale (NOS) [21], which is a validated scale for non-randomized
studies in a meta-analysis. This scale includes three aspects of evaluation: the selection of the
cohorts, comparability of cohorts, and ascertainment of the exposure and outcome of interest.
We regarded scores of 1–3, 4–6, and 7–9 as low, moderate, and high quality, respectively.

A random-effect model was utilized to consider both within-study and between-study varia-
tions in RR estimates [22]. As different studies might report different exposure categories, such
as dichotomous, thirds, quarters, or fifths, we used the study specific RR for the highest versus
lowest category of dietary carotenoids intake(mg/day) or carotenoids concentration(ug/dl)
exposure for the meta-analysis. Cochran Q test and I2 statistic were used to assess the heteroge-
neity [23]. We also performed sensitivity analyses to evaluate whether the pooled results could
have been markedly affected by sequentially exclude a single study at a time. Subgroup analyses
were performed for study type, regions, covariate adjustment.

For the meta-analysis of the dose-response relationship between carotenoids and PCa risk,
the method of generalized least squares for trend estimation proposed by Greenland and Long-
necker and Orsini et al [24, 25], was performed using restricted cubic splines with 3 knots at
percentiles 33%, 66%, and 99% of the distribution. A P value for curvelinearity or nonlinearity
was calculated by testing the null hypothesis that the coefficient of the second spline was equal
to zero. We used the Stata 12(Stata Corp., College Station, Texas) to perform all statistical tests.
p<0.05 was considered statistically significant.

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 3 / 20

http://www.ncbi.nlm.nih.gov/pubmed
http://www.elsevier.com/online-tools/embase


Results

Literature search
The initial screening yielded 206 publications. After selection, a total of 34 studies (1 article
[26] reported results from two subcohorts) from 33 publications [14–17, 26–54] were included
in the meta-analysis. Among these studies, twelve, nineteen and thirteen studies reported the
effects of dietary intake of α-carotene, β-carotene, lycopene on PCa risk, respectively. Eleven,
thirteen and fifteen studies reported the effects of blood levels of α-carotene, β-carotene, lyco-
pene on PCa risk, respectively(Fig 1).

Study characteristics
Among these 34 studies, 10 studies were cohort studies (two studies were case-cohort studies),
11 studies were nested case-control studies, and 13 studies were case-control studies(Table 1).

They involved a total of 15,891 cases and 592,479 participants. Twenty two studies were
from the North America, 7 studies were from the Europe, 2 studies were from Australia, 2
study were from the Asian countries, and 1 study was from Uruguay. With respect to the die-
tary intake of carotenoids, 12 studies studied on α-carotene, 19 studies studied on β-carotene,
and 13 studies studied on lycopene. With respect to the blood levels of carotenoids, 11 studies
studied on α-carotene, 13 studies studied on β-carotene, 15 studies studied on lycopene. All
these included observational studies utilized structured food frequency questionnaire to collect
participants’ information on usual food consumption.

Most studies provided risk estimates that were adjusted for age (29 studies); few adjusted for
smoking(14 studies), body mass index(BMI)(15 studies), family history of PCa(FHPC)(12
studies), energy intake(12 studies), alcohol intake(3 studies), physical activity (6 studies) and
education(14 studies). All studies but nine studies [15, 16, 29, 35, 42, 43, 45, 49, 53] provided
ranges of exposure in each of exposure categories. The mean NOS score was 7.6 stars (range,
4–9 stars; S1 Table), suggesting that the study quality was fair.

Dietary intake of α-carotene, β-carotene, lycopene and PCa risk
A significant inverse association was observed between dietary α-carotene intake and PCa
(RR:0.81; 95% CI:0.76–0.99)(Fig 2, left). No significant statistical difference was observed
between dietary β-carotene and PCa risk(RR:0.90; 95% CI:0.81–1.01). Exclusion of any individ-
ual study regarding the dietary intake of β-carotene did not change the pooled results substan-
tially. No significant statistical difference was observed in dietary lycopene intake, with a RR of
0.88(95% CI: 0.76–1.02; I2 = 23.61%). However, sensitivity analysis further showed that when
omitting the study conducted by Jian et al., which has a wide variation in confidence intervals
and deviatesfrom the pooled trend, the results did change appreciably(RR:0.91; 95% CI:0.83–
1.00) and the heterogeneity among the remaining studies decreased to 0%. Therefore, dietary
lycopene intake was inversely associated with the risk of PCa.

We next explored the risk analyses stratified according to the study type, region and covari-
ate adjustments to examine sources of study heterogeneity and the influence of potential resid-
ual confounding factors, such as age, BMI, FHPC, education, smoking, etc(Table 2).

For dietary intake of α-carotene exposure, subgroup analyses indicated that the protective
effect of α-carotene was more evident in Asian countries than in the North America or Euro-
pean countries. In addition, inverse association was more evident in studies that adjusted for
education, FHPC, and alcohol compared with studies without such adjustments. β-carotene
intake also exerted a protective effect on Asian populations. Overall, our stratified analyses
showed that β-carotene intake has no association with PCa risk. For dietary intake of lycopene
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exposure, the inverse association between lycopene intake and PCa risk was evident in 4 cohort
studies(RR:0.87; 95%CI:0.77–0.99).

Blood levels of α-carotene, β-carotene, lycopene and PCa risk
Carotenoids concentrations, compared with dietary assessment, may provide a more accurate
estimation of intake. However, pooled results showed that only blood levels of lycopene were
significantly associated with reduced PCa risk(0.81, 0.69–0.96)(Fig 2,right). Subgroup analyses
demonstrated that neither α-carotene nor β-carotene concentrations was associated with
reducing the PCa risk(Table 2). The inverse association between lycopene concentrations and
PCa risk was more evident in studies that adjusted for BMI, education, FHPC, smoking and
physical activity compared with studies without such adjustments.

Two studies [27, 40] and 4 studies [27, 34, 39, 40] reported the RRs of advanced PCa risk
concerning blood levels of α-carotene and lycopene, respectively. However, both of them could
not lower the risk of advanced PCa. RRs for blood levels of α-carotene and lycopene were 1.07
(95%CI: 0.75–1.52; I2 = 0%) and 0.75(0.44–1.28; I2 = 63.2%), respectively(Fig 3).

Fig 1. The literature search process.

doi:10.1371/journal.pone.0137427.g001

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 5 / 20



T
ab

le
1.

C
h
ar
ac

te
ri
st
ic
s
o
fi
n
cl
u
d
ed

st
u
d
ie
s.

S
o
u
rc
e,

y
L
o
ca

ti
o
n

S
tu
d
y

P
er
io
d

S
tu
d
y

T
yp

e
A
g
e,

y(
S
D
)

N
o
.o
f

C
as

es
N
o
.o
f

M
at
ch

ed
C
o
n
tr
o
ls

N
o
.o
f

P
ar
ti
ci
p
an

ts
F
o
llo

w
-

u
p
,y

R
an

g
e
o
f
E
xp

o
su

re
:b
lo
o
d

(u
g
/d
l)
;i
n
ta
ke

(m
g
/d
ay

)
A
d
ju
st
m
en

t
fo
r

C
o
va

ri
at
es

K
ar
pp

i,2
00

9
F
in
la
nd

19
93

–
20

06
C
oh

or
t

56
.2

55
—

99
7

12
.6

S
er
um

ly
co

pe
ne

:4
.6
8

(T
1)
,1
1.
11

(T
3)

A
ge

,e
xa

m
in
at
io
n
ye

ar
,

al
co

ho
li
nt
ak

e,
F
H
P
C
,

ph
ys
ic
al

ac
tiv
ity
,w

ai
st
-

to
-h
ip

ra
tio

,e
du

ca
tio

n,
sm

ok
in
g,

an
d
se

ru
m

fo
la
te
.

S
hi
ba

ta
,1
99

2
U
S
A

19
81

–
19

89
C
oh

or
t

65
–
85

1,
33

5
—

11
,5
80

>
8

In
ta
ke

α
-c
ar
ot
en

e:
1.
8(
T
1)
,8
.6

(T
3)

A
ge

an
d
sm

ok
in
g.

G
io
va

nn
uc

ci
,1
99

5
U
S
A

19
86

–
19

92
C
oh

or
t

40
–
75

81
2

—
47

,8
94

6
In
ta
ke

α
-c
ar
ot
en

e:
0.
24

3
(Q

1)
,0
.2
21

(Q
4)
;β
-

ca
ro
te
ne

:2
.1
(Q

1)
,1
0.
8

(Q
4)
;ly
co

pe
ne

:1
.5

(Q
1)
,1
0.
1(
Q
4)

A
ge

an
d
en

er
gy

.

A
m
br
os

in
i,2

00
8

A
us

tr
al
ia

19
90

–
20

04
C
oh

or
t

C
as

es
:5
9.
2–

66
.2

b

C
on

tr
ol
s:
47

.5
–

62
.5

b

97
—

2,
18

3
12

In
ta
ke

β
-c
ar
ot
en

e:
1.
8(
T
1)
,4
.6

(Q
4)

A
ge

,f
ru
it
an

d
ve

ge
ta
bl
e

in
ta
ke

,r
et
in
ol
/β
-

ca
ro
te
ne

su
pp

le
m
en

t
an

d
cr
oc

id
ol
ite

ex
po

su
re
.

K
irs

h,
20

06
U
S
A

19
93

–
20

01
C
oh

or
t

55
–
74

1,
33

8
—

29
,3
61

8
In
ta
ke

α
-c
ar
ot
en

e:
0.
47

(Q
1)
,2
.3
2(
Q
5)
;

ly
co

pe
ne

:5
.0
5(
Q
1
),
15

.6
(Q

5)

A
ge

,e
ne

rg
y,

ra
ce

,s
tu
dy

ce
nt
er
,F

H
P
C
,B
M
I,

sm
ok

in
g,

ph
ys
ic
al

ac
tiv
ity
,f
at
/r
ed

m
ea

t
in
ta
ke

,h
is
to
ry

of
di
ab

et
es

,a
nd

as
pi
rin

us
e.

U
m
es

aw
a,
20

13
Ja

pa
n

19
88

–
19

90
C
oh

or
t

40
–
79

14
3

—
15

,4
71

20
In
ta
ke

α
-c
ar
ot
en

e:
0.
11

(Q
1)
,0
.5
0(
Q
5)
;β
-

ca
ro
te
ne

:0
.1
(Q

1)
,3
.7
2

(Q
5)

S
at
ur
at
ed

fa
t/i
so

fl
av

on
e/
α
-

to
co

ph
er
ol

in
ta
ke

.

D
av

ig
lu
s,
19

96
U
S
A

19
59

–
19

89
C
oh

or
t

40
–
55

13
2

—
1,
89

9
30

In
ta
ke

β
-c
ar
ot
en

e:
2.
3

(Q
1)
,4
.0
(Q

4)
A
ge

,s
m
ok

in
g,

ch
ol
es

te
ro
al
/s
at
ur
at
ed

fa
t/e

th
an

ol
in
ta
ke

,
en

er
gy

,a
nd

oc
cu

pa
tio

n.

R
os

w
al
l,2

01
3

D
en

m
ar
k

19
93

–
19

97
C
oh

or
t

50
–
64

1,
57

1
—

26
,8
56

7
In
ta
ke

β
-c
ar
ot
en

e:
1.
6

(Q
1)
,4
.7
1(
Q
4)

H
ei
gh

t,
w
ei
gh

t,
ed

uc
at
io
n,

re
d
m
ea

t/a
lc
oh

ol
/

se
le
ni
um

in
ta
ke

.

S
ch

uu
rm

an
,2
00

2
N
et
he

rla
nd

s
19

86
–
19

92
C
as

e- C
oh

or
t

55
–
70

64
2

1,
52

5
58

,2
79

6.
3

N
R
(in

ta
ke

)
A
ge

,F
H
P
C
,

so
ci
oe

co
no

m
ic

st
at
us

,
an

d
al
co

ho
li
nt
ak

e.

A
ga

lli
u,
20

01
C
an

ad
a

20
03

–
20

10
C
as

e- C
oh

or
t

C
as

es
:6
6.
2(
8.
4)

S
ub

co
ho

rt
:6
9.
3

(1
0.
5)

66
1

1,
86

4
34

,2
91

7
In
ta
ke

β
-c
ar
ot
en

e:
2.
26

(Q
1)
,1
0.
77

(Q
5)
;

ly
co

pe
ne

:2
.4
5(
Q
1
),
15

.8
7

(Q
5)

A
ge

,r
ac

e,
B
M
I,
ph

ys
ic
al

ac
tiv
ity
,a

nd
ed

uc
at
io
n.

K
ey

,2
00

7
E
ur
op

ea
n

C
ou

nt
rie

s
19

92
–
20

00
N
C
C
S

C
as

es
:6
0.
4(
5.
8)

C
on

tr
ol
s:
60

.1
(5
.8
)

96
6

1,
06

4
13

7,
00

1
4

P
la
sm

a
α
-c
ar
ot
en

e:
2.
59

(Q
1)
,1
0.
51

(Q
5)
;β
-

ca
ro
te
ne

:8
.2
1(
Q
1)
,2
7.
28

(Q
5)
;ly
co

pe
ne

:1
5.
04

(Q
1)
,4
9.
37

(Q
5)

A
ge

,f
as

tin
g
ho

ur
s
pr
io
r
to

bl
oo

d
dr
aw

,B
M
I,

F
H
P
C
,a

nd
ed

uc
at
io
n.

(C
on

tin
ue

d
)

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 6 / 20



T
ab

le
1.

(C
on

tin
ue

d
)

S
o
u
rc
e,

y
L
o
ca

ti
o
n

S
tu
d
y

P
er
io
d

S
tu
d
y

T
yp

e
A
g
e,

y(
S
D
)

N
o
.o
f

C
as

es
N
o
.o
f

M
at
ch

ed
C
o
n
tr
o
ls

N
o
.o
f

P
ar
ti
ci
p
an

ts
F
o
llo

w
-

u
p
,y

R
an

g
e
o
f
E
xp

o
su

re
:b
lo
o
d

(u
g
/d
l)
;i
n
ta
ke

(m
g
/d
ay

)
A
d
ju
st
m
en

t
fo
r

C
o
va

ri
at
es

H
ua

ng
,2
00

2
U
S
A

C
LU

E
a

I:1
97

4–
19

96
;

C
LU

E
II:
19

89
–

19
96

N
C
C
S

C
LU

E
I:C

as
es

:5
4

(9
)
C
on

tr
ol
s:
54

(9
)
C
LU

E
II:

C
as

es
:6
6
(8
)

C
on

tr
ol
s:
66

(9
)

C
LU

E I:1
82

;
C
LU

E
II:
14

2

C
LU

E
I

36
4

C
LU

E
II
28

4

C
LU

E
I:9

,8
04

C
LU

E
II:
10

,4
56

C
LU

E I:1
7

C
LU

E
II:
3.
5

C
LU

E
I:S

er
um

α
-

ca
ro
te
ne

:1
.4
(Q

1)
,3
.9
(Q

5)
;

β
-c
ar
ot
en

e:
4.
4(
Q
1)
,1
5.
6

(Q
5)
;ly
co

pe
ne

:2
1.
7

(Q
1)
,5
4.
9(
Q
5)

C
LU

E
II:

S
er
um

α
-c
ar
ot
en

e:
1.
2

(Q
1)
,5
.5
(Q

5)
;β
-

ca
ro
te
ne

:4
.2
(Q

1)
,1
5.
8

(Q
5)
;ly
co

pe
ne

:2
4.
3

(Q
1)
,6
2.
8(
Q
5)

A
ge

,n
um

be
r
of

ye
ar
s

si
nc

e
bl
oo

d
w
as

dr
aw

n,
di
se

as
e
st
ag

e
at

di
ag

no
si
s,

sm
ok

in
g,

an
d
B
M
I.

G
oo

dm
an

,2
00

3
U
S
A

19
83

–
19

97
N
C
C
S

45
–
75

20
5

20
5

18
,3
14

>
10

S
er
um

α
-c
ar
ot
en

e:
1.
8

(Q
1)
,4
.3
(Q

4)
;β
-

ca
ro
te
ne

:9
.4
(Q

1)
,2
1.
9

(Q
4)
;ly
co

pe
ne

:2
2.
9

(Q
1)
,4
1.
7(
Q
4)

A
ge

,s
tu
dy

ce
nt
er

at
ra
nd

om
iz
at
io
n,

se
x,

sm
ok

in
g,

an
d
ye

ar
of

ra
nd

om
iz
at
io
n.

G
an

n,
19

99
U
S
A

19
82

–
19

95
N
C
C
S

40
–
85

57
8

1,
29

4
22

,0
71

13
P
la
sm

a
α
-c
ar
ot
en

e:
3.
46

(Q
1)
,1
0.
33

(Q
4)
;

ly
co

pe
ne

:2
6.
17

(Q
1)
,5
8.
01

(Q
4)

P
hy

si
ca

la
ct
iv
ity
,B

M
I,

pl
as

m
a
to
ta
l

ch
ol
es

te
ro
l,
al
co

ho
l

in
ta
ke

,a
nd

m
ul
tiv
ita

m
in

su
pp

le
m
en

tu
se

.

N
om

ur
a,
19

97
U
S
A

19
71

–
19

75
N
C
C
S

52
–
75

14
2

14
2

6,
86

0
>
20

N
R
(in

ta
ke

)
N
R

B
ei
lb
y,
20

10
A
us

tr
al
ia

S
in
ce

19
90

N
C
C
S

C
as

es
:6
9.
8(
7.
2)

C
on

tr
ol
s:
69

.3
(6
.7
)

96
22

6
4,
89

0
>
10

S
er
um

β
-c
ar
ot
en

e:
0.
11

(T
1)
,1
.1
6(
T
3)
;

ly
co

pe
ne

:0
.0
5(
T
1)
,0
.4
3

(T
3)

A
ge

,a
nd

vi
ta
m
in

A
su

pp
le
m
en

t.

P
et
er
s,
20

07
U
S
A

19
93

–
20

01
N
C
C
S

55
–
75

69
2

84
4

28
,2
43

8
S
er
um

α
-c
ar
ot
en

e:
2.
6

(Q
1)
,1
6.
6(
Q
5)
;β
-

ca
ro
te
ne

:6
.1
(Q

1)
,3
8.
7

(Q
5)
;ly
co

pe
ne

:3
0.
5

(Q
1)
,1
08

.4
(Q

5)

A
ge

,t
im

e
si
nc

e
in
iti
al

sc
re
en

in
g,

ye
ar

of
bl
oo

d
dr
aw

,a
nd

st
ud

y
ce

nt
er
.

W
u,
20

04
U
S
A

19
93

–
19

98
N
C
C
S

40
–
75

45
0

45
0

18
,2
59

>
5

N
R
(b
lo
od

)
C
ho

le
st
er
ol

le
ve

ls
,

se
le
ni
um

/V
ita

m
in

E
su

pp
le
m
en

ta
tio

n,
F
H
P
C
,B

M
I,
he

ig
ht
,

ph
ys
ic
al

ac
tiv
ity
,

hi
st
or
y
of

va
se

ct
om

y
an

d
cu

rr
en

ts
m
ok

in
g.

G
ill
,2
00

9
U
S
A

19
93

–
19

96
N
C
C
S

45
–
75

46
7

93
6

96
,3
82

>
3

S
er
um

β
-c
ar
ot
en

e:
9.
8

(Q
1)
,5
9.
7(
Q
4)
;

ly
co

pe
ne

:2
2.
0(
Q
1
),
65

.6
(Q

4)

A
ge

,f
as

tin
g
ho

ur
s
pr
io
r
to

bl
oo

d
dr
aw

,B
M
I,

F
H
P
C
,a

nd
ed

uc
at
io
n.

H
si
ng

,1
99

0
U
S
A

19
74

–
19

86
N
C
C
S

47
–
91

10
3

10
3

20
6

13
N
R
(b
lo
od

)
A
ge

,r
ac

e,
sm

ok
in
g,

ed
uc

at
io
n,

tim
e
of

la
st

m
ea

l.

A
nd

er
ss
on

,1
99

6
S
w
ed

en
19

89
–
19

94
C
C

<
81

52
6

53
6

1,
06

2
—

N
R
(in

ta
ke

)
A
ge

an
d
en

er
gy

.

N
or
ris

h,
19

98
N
ew
Z
ea

la
nd

19
96

–
19

97
C
C

40
–
81

31
7

48
0

79
7

—
In
ta
ke

β
-c
ar
ot
en

e:
2.
5

(Q
1)
,6
.1
(Q

4)
;

ly
co

pe
ne

:0
.7
(Q

1)
,2
.0
(Q

4)

A
ge

,h
ei
gh

t,
N
S
A
ID
s,

an
d

so
ci
oe

co
no

m
lc

st
at
us

.

(C
on

tin
ue

d
)

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 7 / 20



T
ab

le
1.

(C
on

tin
ue

d
)

S
o
u
rc
e,

y
L
o
ca

ti
o
n

S
tu
d
y

P
er
io
d

S
tu
d
y

T
yp

e
A
g
e,

y(
S
D
)

N
o
.o
f

C
as

es
N
o
.o
f

M
at
ch

ed
C
o
n
tr
o
ls

N
o
.o
f

P
ar
ti
ci
p
an

ts
F
o
llo

w
-

u
p
,y

R
an

g
e
o
f
E
xp

o
su

re
:b
lo
o
d

(u
g
/d
l)
;i
n
ta
ke

(m
g
/d
ay

)
A
d
ju
st
m
en

t
fo
r

C
o
va

ri
at
es

B
os

et
ti,
20

04
Ita

ly
19

91
–
20

02
C
C

46
–
75

1,
29

4
1,
45

1
2,
74

5
—

N
R
(in

ta
ke

)
A
ge

,s
tu
dy

ce
nt
er
,

ed
uc

at
io
n,

ph
ys
ic
al

ac
tiv
ity
,B

M
I,F

H
P
C

an
d

en
er
gy

.

M
et
tli
n,
19

89
U
S
A

S
in
ce

19
87

C
C

55
–
86

37
1

37
1

74
2

—
N
R
(in

ta
ke

)
A
ge

Z
ha

ng
,2
00

7
U
S
A

19
98

–
20

03
C
C

C
as

es
:6
4.
4(
9.
0)

C
on

tr
ol
s:
59

.4
(1
0.
5)

19
3

19
7

39
0

—
P
la
sm

a
α
-c
ar
ot
en

e:
0.
71

(Q
1)
,6
.0
8(
Q
4)
;β
-

ca
ro
te
ne

:3
.4
7(
Q
1)
,2
8.
35

(Q
4)
;ly
co

pe
ne

:1
4.
05

(Q
1)
,5
1.
37

(Q
4)

A
ge

,r
ac

e,
B
M
I,
ed

uc
at
io
n,

an
d
sm

ok
in
g.

Ji
an

,2
00

5
C
hi
na

20
01

–
20

02
C
C

C
as

es
:7
2.
7(
7.
1)

C
on

tr
ol
s:
71

.4
(7
.2
)

13
0

27
4

40
4

—
In
ta
ke

α
-c
ar
ot
en

e:
0.
24

(Q
1)
,1
.7
9(
Q
4)
;β
-

ca
ro
te
ne

:1
.9
6(
Q
1)
,7
.4
9

(Q
4)
;ly
co

pe
ne

:1
.6
1

(Q
1)
,4
.9
2(
Q
4)

A
ge

,l
oc

al
ity
,e

du
ca

tio
n,

fa
m
ily

in
co

m
e,

m
ar
ita

l
st
at
us

,n
um

be
r
of

ch
ild
re
n,

F
H
P
C
,B

M
I,

te
a
dr
in
ki
ng

,e
ne

rg
y,

fa
ti
nt
ak

e.

C
ha

ng
,2
00

5
U
S
A

19
96

–
19

98
C
C

C
as

es
:6
3.
9(
7.
0)

C
on

tr
ol
s:
62

.8
(6
.6
)

11
8

52
17

0
—

N
R
(b
lo
od

)
A
ge

,s
m
ok

in
g,

an
d
he

ig
ht
.

M
cC

an
n,
20

09
U
S
A

19
86

–
19

91
C
C

N
A

43
3

53
8

97
1

—
In
ta
ke

α
-c
ar
ot
en

e:
0.
63

(Q
1)
,1
.5
(Q

4)
;β
-

ca
ro
te
ne

:3
.8
(Q

1)
,8
.0
4

(Q
4)
;ly
co

pe
ne

:3
.9

(Q
1)
,8
.8
6(
Q
4)

A
ge

,e
du

ca
tio

n,
B
M
I,

sm
ok

in
g,

an
d
en

er
gy

.

M
ey

er
,1
99

7
C
an

ad
a

19
90

–
19

93
C
C

>
45

21
5

59
3

80
8

—
N
R
(in

ta
ke

)
A
ge

,e
du

ca
tio

n,
F
H
P
C
,

en
er
gy

.

Ja
in
,1

99
9

C
an

ad
a

19
89

–
19

93
C
C

C
as

es
:6
9.
8

C
on

tr
ol
s:
69

.9
61

7
63

6
1,
25

3
—

In
ta
ke

α
-c
ar
ot
en

e:
0.
84

(Q
1)
,2
.1
6(
Q
4)
;β
-

ca
ro
te
ne

:3
.0
(Q

1)
,7
.8
3

(Q
4)
;ly
co

pe
ne

:2
.1

(Q
1)
,1
2.
67

(Q
4)

A
ge

,e
ne

rg
y,

va
se

ct
om

y,
sm

ok
in
g,

m
ar
ita

l
st
at
us

,s
tu
dy

ar
ea

,
B
M
I,
vi
ta
m
in

us
e,

di
et
.

D
en

eo
-

P
el
lig
rin

i,1
99

9
U
ru
gu

ay
19

94
–
19

97
C
C

40
–
89

17
5

24
0

41
5

—
In
ta
ke

α
-c
ar
ot
en

e:
0.
11

(Q
1)
,0
.6
0(
Q
4)
;β
-

ca
ro
te
ne

:2
.7
1(
Q
1)
,7
.4
9

(Q
4)
;ly
co

pe
ne

:1
.3

(Q
1)
,3
.3
(Q

4)

A
ge

,r
es

id
en

ce
,

ed
uc

at
io
n,

F
H
P
C
,B

M
I,

en
er
gy

.

C
oh

en
,2
00

0
U
S
A

19
93

–
19

96
C
C

40
–
64

62
8

60
2

1,
23

0
—

In
ta
ke

α
-c
ar
ot
en

e:
0.
33

(Q
1)
,0
.8
1(
Q
4)
;β
-

ca
ro
te
ne

:2
.2
(Q

1)
,4
.4
(Q

4)
;

ly
co

pe
ne

:4
.9
(Q

1)
,9
.9
(Q

4)

A
ge

,r
ac

e,
fa
ti
nt
ak

e,
en

er
gy

,F
H
P
C
,B

M
I,

an
tig

en
te
st
s,

ed
uc

at
io
n. (C

on
tin

ue
d
)

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 8 / 20



T
ab

le
1.

(C
on

tin
ue

d
)

S
o
u
rc
e,

y
L
o
ca

ti
o
n

S
tu
d
y

P
er
io
d

S
tu
d
y

T
yp

e
A
g
e,

y(
S
D
)

N
o
.o
f

C
as

es
N
o
.o
f

M
at
ch

ed
C
o
n
tr
o
ls

N
o
.o
f

P
ar
ti
ci
p
an

ts
F
o
llo

w
-

u
p
,y

R
an

g
e
o
f
E
xp

o
su

re
:b
lo
o
d

(u
g
/d
l)
;i
n
ta
ke

(m
g
/d
ay

)
A
d
ju
st
m
en

t
fo
r

C
o
va

ri
at
es

Lu
,2
00

1
U
S
A

19
93

–
19

97
C
C

C
as

es
:5
9.
98

(6
.1
9
)

C
on

tr
ol
s:
41

.9
(1
3.
64

)

65
13

0
19

5
—

In
ta
ke

α
-c
ar
ot
en

e:
0.
39

(Q
1)
,1
.1
4(
Q
4)
;β
-

ca
ro
te
ne

:2
.3
8(
Q
1)
,5
.8
5

(Q
4)
;ly
co

pe
ne

:1
.4
6

(Q
1)
,3
.4
5(
Q
4)

P
la
sm

a
α
-

ca
ro
te
ne

:2
.0
2(
Q
1)
,5
.8
5

(Q
4)
;β
-c
ar
ot
en

e:
7.
25

(Q
1)
,1
9.
9(
Q
4)
;

ly
co

pe
ne

:1
0.
45

(Q
1)
,2
3.
39

(Q
4)

A
ge

,r
ac

e,
sm

ok
in
g,

ed
uc

at
io
n,

F
H
P
C
,

al
co

ho
li
nt
ak

e,
en

er
gy

.

A
bb

re
vi
at
io
ns

:N
C
C
S
,n

es
te
d
ca

se
-c
on

tr
ol

st
ud

y;
C
C
S
,c

as
e-
co

nt
ro
ls
tu
dy

;S
D
,s

ta
nd

ar
d
de

vi
at
io
n;

T
,t
er
til
e;

Q
,q

ua
rt
ile
/q
ui
nt
ile
;B

M
I,
bo

dy
m
as

s
in
de

x;
N
S
A
ID
s,

no
n-
st
er
oi
da

la
nt
i-

in
fl
am

m
at
or
y
dr
ug

s;
F
H
P
C
,f
am

ily
hi
st
or
y
of

pr
os

ta
te

ca
nc

er
;N

R
,n

ot
re
po

rt
ed

;N
A
,n

ot
ac

ce
ss
ib
le
.

a
D
er
iv
ed

fr
om

th
e
sl
og

an
of

a
ca

m
pa

ig
n,

“G
iv
e
us

a
C
LU

E
to

ca
nc

er
.”

b
In
di
ca

te
d
in
te
rq
ua

rt
ile

ra
ng

e(
IQ

R
).

do
i:1
0.
13
71
/jo
ur
na
l.p
on
e.
01
37
42
7.
t0
01

α-Carotene and Lycopene Intake Can Reduce Prostate Cancer Risk

PLOS ONE | DOI:10.1371/journal.pone.0137427 September 15, 2015 9 / 20



Dose-response analysis
With respect to the lycopene exposure, 7 studies [16, 28, 32, 41, 47, 50, 55] and 8 studies [17,
26, 27, 34, 36, 51, 52] were eligible for dose-response analysis of dietary intake and concentra-
tions, respectively. In the cubic spline model, we showed a nonlinear association between

Fig 2. Pooled risks according to dietary carotenoids intake and its blood levels.Dietary intake of α-carotene, β-carotene, lycopene and PCa risk(left),
blood levels of α-carotene, β-carotene, lycopene and PCa risk(right).

doi:10.1371/journal.pone.0137427.g002
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dietary lycopene intake and risk of PCa (Fig 4A; P-nonlinearity = 0.014, Pheterogeneity = 0.048)
and PCa risk was reduced by 3% per 1mg/day (95%CI: 0.94–0.99) increment of dietary lyco-
pene intake. However, we showed no significant association between lycopene concentrations
and risk of PCa(Fig 4B;P-nonlinearity = 0.24, Pheterogeneity = 0.21). With respect to the α-
carotene exposure, 3 studies [16, 31, 32] were eligible for dose-response analysis, a nonlinear
association between dietary α-carotene intake and risk of PCa was observed(Fig 4C; P-nonline-
arity = 0.15, Pheterogeneity = 0.02) and PCa risk was reduced by 2% per 0.2mg/day (95% CI:
0.96–0.99) increment of dietary α-carotene intake. The dose-response relationship in terms of
PCa risk was not found in either α-carotene concentrations or β-carotene(both dietary intake
and concentrations)(data not shown).

Discussion
Our meta-analysis indicated that α-carotene and lycopene, but not β-carotene, were inversely
associated with the risk of PCa and both α-carotene and lycopene could not lower the risk of
advanced PCa. Inverse association between α-carotene and PCa risk was augmented by adjust-
ment for education, FHPC, and alcohol and attenuated by adjustment for age and smoking,
suggesting that the association was largely mediated through education, FHPC, and alcohol,
smoking and age(Table 2). Similarly, significant inverse association between lycopene and PCa
risk was largely mediated through FHPC. With respect to carotenoids concentrations, inverse

Fig 3. Association between blood α-carotene and lycopene levels and risk of advanced PCa. Advanced PCa was defined as stage III or IV or Gleason
score�7.

doi:10.1371/journal.pone.0137427.g003
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association between lycopene and PCa risk was largely mediated through education, FHPC,
smoking and physical activity.

Lycopene is found to be a more efficient antioxidant than β-carotene, α-carotene, and α-
tocopherol [56]. Among all major carotenoids, lycopene and tomato products have been most
extensively studied [10]. A meta-analysis [57] including 11 case-control studies and 10 cohort
studies showed a modest, significant inverse relation between dietary intake of lycopene and
PCa risk in cohort studies. However, the CUP report concludes that the link between PCa risk
and foods containing lycopene has been downgraded from strong evidence of a decreased risk,
to no conclusion possible [20]. This updating is based on a considerable amount of global
research focusing on specific types of PCa, for example, fatal, advanced and early (non-
advanced) prostate cancers rather than grouping all prostate cancers together. However, this
does not mean that no link exists, variations in diagnosis and classifications of the PCa has
made the link more difficult to see. In addition, the CUP report has not adjusted the confound-
ing variables when interpreting the evidence. Even more important, frequent lycopene intake
may reduce PCa risk via multiple mechanisms. Rafi, et al. informed that lycopene attenuates
PCa by modulating the expression of growth and survival associated genes, e.g. CDK7, BCL2,
EGFR, and IGF-1R [58]; in addition, lycopene can inhibit PCa cell proliferation via PPARγ-
LXRα-ABCA1 pathway [59]; Further, Zu, et al. [60] found that dietary intake of lycopene is
associated with reduced risk of lethal PCa and with a lesser degree of angiogenesis in the
tumor.

In 1995, van Poppel and Goldbohm [61] summarized all previous studies exploring the risk
between β-carotene intake and all types of tumors. They concluded that the association appears
most consistent for lung and stomach cancer, whereas the association seems inconsistent for
breast and PCa. More recently, a meta-analysis [55] of randomized controlled trials demon-
strated that no effect of β-carotene supplementation was observed in the incidence of PCa(RR,
0.99; 95% CI, 0.91–1.07). Although there was in vitro study indicating that β-carotene may act
as a growth-inhibitory agent in PCa cells by modulating the caveolin-1 pathway [62], subse-
quent big data from the Alpha-Tocopherol, Beta-Carotene Cancer Prevention(ATBC) Study, a
randomized, double-blind, placebo-controlled trial, suggested that serum β-carotene, serum
retinol, and supplemental β-carotene had no apparent effects on PCa patients’ survival [63].

Fig 4. Dose-response relation plots between carotenoids consumption and risk of PCa. (A) Dietary lycopene intake(mg/day) and risk of PCa; (B) Blood
lycopene levels (ug/dl) and risk of PCa; (C) Dietary α-carotene intake(mg/day) and risk of PCa. These relationships were estimated by using random-effects
metaregression. Dotted lines represent the 95%CIs for the fitted trend.

doi:10.1371/journal.pone.0137427.g004
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Our pooled and stratified analyses suggested that neither dietary β-carotene intake nor its con-
centrations was related to the PCa risk, moreover, the null dose-response relationship(data not
shown) supported this conclusion. Also, the CUP report concludes that there is strong evidence
that consuming β-carotene (either through food or supplements) is unlikely to have a substan-
tial effect on the risk of PCa [20]. The studies on which the CUP report based are all cohort
studies which should be given high priority.

Although α-carotene is chemically similar to β-carotene, α-carotene has higher biological
activity in inhibiting the proliferation of human neuroblastoma cells [64] and liver carcinogen-
esis [65]. Besides, serum α-carotene concentrations are inversely associated with risk of death
from all causes, cardiovascular disease, cancer, and all other causes [66]. Our pooled analysis
indicated a significant inverse relation between α-carotene intake and PCa risk, which was fur-
ther verified by dose-response analysis(Fig 4C).

It was reported that in Caucasians, the frequencies of fusion of TMPRSS2:ERG, the most
common known genetic alteration in PCa, are 50%–70% [67], while in Asian patients the fre-
quencies are lower than 20% [68]. Mao et al. revealed that low-level expression of PTEN is
detected in 69.8% (111/159) of UK PCa samples, but only in 34% (31/91) of Chinese samples
[69]. Whereas, RAS-RAF-MAPK pathway mutants are much more frequently found in Asian
PCa patients than patients fromWestern countries [70]. All these abnormal genes are likely to
contribute to susceptibility to PCa in different ethnic groups. Broccoli, green beans, green peas,
spinach, turnip greens, leaf lettuce, the main source of vegetables for China adults, are rich in
α-carotene [66]. Specially, our study showed that α-carotene exerted a greater protective effect
on Asians. All of these suggested α-carotene may attenuate the PCa susceptibility by interacting
with the genetic or environmental factors. However, the fundamental researches that aim at
elucidating the links between α-carotene intake and PCa risk are lacking. Altogether, this may
shed fresh new light on α-carotene’s mode of action.

Compared with a meta-analysis [57] conducted in 2004, we put emphasis on the single-
ingredient of carotenoids rather than raw tomato or its processed products, which may pro-
vide more detailed and accurate assessment on the links between carotenoids consumption
and PCa risk. Furthermore, dose-response analysis was utilized for the first time to reveal the
links between carotenoids consumption and PCa risk. However, our study was subject to one
inconsistency: significant association was only found in dietary intake, but not its concentra-
tions. There are 3 case-control studies involving in exploring the links between α-carotene
concentrations and PCa risk(Table 2). These retrospective studies may have biased the pooled
results.

Not all included studies have adjusted for some important covariates, which are major con-
cerns in our study, may have confounded these associations. For example, the inverse associa-
tion between dietary α-carotene intake and PCa risk was more evident in studies without
adjustment for smoking compared with studies with such adjustment(Table 2), suggesting
more high-quality observational studies are warranted to verify the effect of dietary α-carotene
intake on PCa risk. In addition, although subgroup analyses were performed, heterogeneity
could not wholly explained by the remaining variables, suggesting that other unknown factors
are introduced. Furthermore, in terms of α-carotene and lycopene consumption, not all studies
were eligible for dose-response analysis, indicating that risks corresponding to dose increments
are partially right.

In summary, findings from our study indicate that α-carotene and lycopene, but not β-caro-
tene, are inversely associated with the risk of PCa. However, both α-carotene and lycopene can
not lower the risk of advanced PCa. Our results, if replicated in other cohort studies and popu-
lations, suggest a need for clinical research into the health benefits of α-carotene and lycopene
supplementation.
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