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Abstract
Purpose: To determine whether intake of tomato
products reduces the risk of prostate cancer using a
meta-analysis. Methods: We systematically searched
MEDLINE and EMBASE and contacted authors to
identify potential studies. Log relative risks (RRs) were
weighed by the inverse of their variances to obtain a
pooled estimate with its 95% confidence interval (CI).
Logistic regression and Poisson regression analyses
were used to determine the effect produced by a daily
intake of one serving of tomato product. Results:
Eleven case-control studies and 10 cohort studies or
nested case-control studies presented data on the use of
tomato, tomato products, or lycopene and met our
inclusion criteria. Compared with nonfrequent users of
tomato products (1st quartile of intake), the RR of

prostate cancer among consumers of high amounts of
raw tomato (5th quintile of intake) was 0.89 (95% CI
0.80 – 1.00). For high intake of cooked tomato products,
this RR was 0.81 (95% CI 0.71 – 0.92). The RR of prostate
cancer related to an intake of one serving/day of raw
tomato (200 g) was 0.97 (95% CI 0.85 – 1.10) for the casecontrol studies and 0.78 (95% CI 0.66 – 0.92) for cohort
studies. Conclusion: Our results show that tomato
products may play a role in the prevention of prostate
cancer. However, this effect is modest and restricted to
high amounts of tomato intake. Further research is
needed to determine the type and quantity of tomato
products with respect to their role in preventing
prostate cancer. (Cancer Epidemiol Biomarkers Prev
2004;13(3):340 – 345)

Introduction
Prostate cancer is the most common cancer among men
in North America. A growing body of evidence has
shown that tomato products may decrease the risk of
prostate cancer. This is thought to be due to a high
concentration of lycopene, a potent antioxidant (1). As a
result, intake of lycopene supplements has become
popular among men who are concerned about their risk
of prostate cancer. Although some observational studies
have shown a protective effect (2, 3) with the use of
tomato products, others have failed to show this benefit
(4, 5). In addition, some unanswered questions remain.
For example, it is uncertain whether the benefit with
tomato products is consistent with all tomato products or
whether this benefit varies with different preparations of
tomatoes (cooked versus raw). To answer some of these
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questions, we sought to explore this association by
conducting a meta-analysis.

Materials and Methods
Study Selection. We systematically searched MEDLINE from 1966 to March 2003 and EMBASE for all
relevant articles entering terms including ‘‘carotenoids,’’
‘‘tomatoes,’’ ‘‘lycopene,’’ and ‘‘prostatic neoplasms’’ as
both subject heading and text word. Because some
studies that may have presented data on the use of
tomato products or lycopene may not have included
these specific terms in their abstracts or keywords, we
also carried out a broader search for all studies that
looked at ‘‘diet’’ and ‘‘prostatic neoplasms.’’ In the case
where only an abstract was available, we contacted the
authors to obtain pertinent information. We also
searched for potentially missed articles from the reference lists of retrieved articles and from previous
narrative reviews on this topic.
Data Extraction. Studies were included if they met the
following criteria: (a) presented original data from casecontrol studies or cohort studies, (b) the primary
outcome was clearly defined as prostate cancer, (c) the
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exposure of interest was tomato or lycopene intake, and
(d) provided relative risk (RR) estimates and their
confidence intervals (CIs) or provided enough data to
calculate them. If data were duplicated in more than one
study, the most recent study was included in the
analysis. We developed a questionnaire and recorded
study name, year of publication, study design, sample
size (cases and controls or cohort size), and variables
used for adjustment in the studies. We carried out
separate analyses for intakes of raw or unspecified
tomato products, cooked tomato products, and lycopene
with respect to risk of prostate cancer. An additional
analysis focused on serum lycopene. We studied the
effect of moderate intake (defined as the intake ranging
from the 2nd to the 4th quintile of the distribution or
from the 2nd to the 3rd quartile, depending on the
presentation of the original studies). In a subsequent
analysis, we focused on the data corresponding to high
intakes (5th quintile or 4th quartile of intake).
Statistical Analysis. Log RRs (for cohort studies) or
odds ratios (for case-control studies) were weighed by
the inverse of their variances to obtain a pooled measure
of RR. Nested case-control studies carried out within

well-defined cohorts were included among cohort
studies. Odds ratios were considered an approximation
of RRs. When results from fixed effects and random
effects models were different, we presented the latter as
it represents a more conservative approach. Differences
between results yielded by the fixed effects and random
effects models were assessed by the P value of the
DerSimonian and Laird’s Q* test.
Intake of tomatoes and lycopene was reported as
categorical data with a range in the studies included in
this meta-analysis. We assigned the mean of upper and
lower bounds in each quintile of intake as the average
intake of this quintile. When the upper bound of the last
quintile was not presented, we assumed the amplitude to
be the same as the fourth quintile.
To determine the change in prostate cancer risk per
serving of average size, we carried out a logistic
regression model for case-control studies and a Poisson
regression model for cohort studies, assuming linearity
over the range of intake reported by each study. For the
logistic regression model, the dependent variable was the
case/control status and the independent variable was
the mean intake value of each quintile calculated as

Table 1. RRs and 95% CIs of prostate cancer by tomato intake
Author
Case-control studies
Key et al. (5)

Raw tomatoes
Raw tomatoes Cooked tomatoes Cooked tomatoes Cases/controls Variables of
(moderate intake) (high intake) (moderate intake) (high intake)
or cohort size adjustment
1.18
(0.87 – 1.60)
0.85
(0.40 – 1.81)
0.77
(0.64 – 0.94)

1.06
(0.55 – 1.62)
0.53
(0.08 – 2.9)
0.64
(0.45 – 0.91)

0.89
(0.66 – 1.20)
0.64
(0.27 – 1.53)
–

0.92
(0.59 – 1.42)
0.46
(0.04 – 3.60)
–

328/328

1.20
(0.89 – 1.62)

1.22
(0.83 – 1.80)

0.97
(0.73 – 1.30)

0.90
(0.57 – 1.42)

682/602

Villeneuve et al. (14) 0.98
(0.84 – 1.14)

1.0
(0.7 – 1.3)

–

–

1623/1623

Kolonel et al. (15)

1.07
(0.83 – 1.38)
1.01
(0.66 – 1.53)

1.07
(1.06 – 1.08)
0.90
(0.66 – 1.22)

0.94
(0.58 – 1.52)
0.82
(0.53 – 1.26)

1619/1618
317/480

Age, site, calories,
height, NSAIDs,
socioeconomic
status

0.62
(0.40 – 0.96)
Giovanucci et al. (23) 0.91
(0.78 – 1.05)

0.57
(0.35 – 0.93)
0.74
(0.58 – 0.93)

–

–

180/1400

Age

–

–

773/47,894

Giovanucci et al. (22) –

–

0.88
(0.74 – 1.05)

0.77
(0.66 – 0.90)

2481/47,365

Age, calories, family
history, vasectomy,
fat, retinol
Time, ancestry, BMI,
calories, vitamins

Tzonou et al. (2)
Jain et al. (3)

Cohen et al. (4)

Norrish et al. (16)

1.00
(0.87 – 1.15)
0.89
(0.67 – 1.19)

Cohort studies
Mills et al. (21)

320/246
617/636

Age, energy
intake, ethnicity
Age, height, BMI,
energy intake
Age, calories,
vasectomy,
smoking,
marital status,
study location,
BMI, vitamin use,
diet
Age, race, fat,
energy, family
history, BMI,
antigen tests,
education
Age, location,
race, smoking,
BMI, diet, alcohol,
income,
diet, family
history
Age, education, race

Note: Moderate intake corresponds to the 2nd, 3rd, and 4th quintiles of the distribution, while high intake corresponds to the 5th quintile. BMI, body mass
index; NSAIDs, nonsteroidal anti-inflammatory drugs.
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Table 2. RRs and 95% CIs of prostate cancer by lycopene intake and serum lycopene
Author
Case-control studies
Key et al. (5)

Diet lycopene
Diet lycopene Serum lycopene Serum lycopene Cases/controls Variables of
(moderate intake) (high intake) (moderate value) (high value)
or cohort size adjustment
0.90
(0.63 – 1.29)

0.99
(0.68 – 1.45)

–

–

–

Meyer et al. (26)

1.28
(0.81 – 2.01)

1.73
(0.92 – 3.26)

–

–

215/593

Jain et al. (3)

0.90
(0.74 – 1.10)

1.01
(0.76 – 1.35)

–

–

617/636

Deneo-Pelligrini
et al. (27)

1.13
(0.76 – 1.68)

1.2
(0.7 – 2.2)

–

–

175/233

Cohen et al. (4)

1.08
(0.83 – 1.39)

0.89
(0.60 – 1.31)

–

–

628/602

Norrish et al. (16)

0.81
(0.60 – 1.11)

0.76
(0.50 – 1.17)

–

–

317/480

Lu et al. (19)

1.03
(0.44 – 2.38)

0.69
(0.23 – 2.08)

0.45
(0.21 – 0.96)

0.17
(0.04 – 0.78)

65/132

Vogt et al. (10)

–

–

0.84
(0.57 – 1.23)

0.65
(0.36 – 1.15)

209/228

Cohort or nested
case-control studies
Hsing et al. (18)

–

–

0.69
(0.39 – 1.23)

0.50
(0.20 – 1.29)

103/103

Cerhan et al. (25)

–

–

–

101/1575

Nomura et al. (20)

–

0.5
(0.3 – 0.9)
–

–

–

1.1
(0.5 – 2.2)
0.75
(0.54 – 1.06)

142/142

Gann et al. (17)

1.00
(0.64 – 1.57)
0.89
(0.74 – 1.07)

578/1294

Giovanucci et al. (22) 1.01
(0.92 – 1.10)

0.84
(0.73 – 0.96)

–

–

2481/47,365

Schuurman et al. (24) 0.95
(0.79 – 1.14)

0.98
(0.71 – 1.34)

–

–

642/58,279

Huang et al.
(CLUE I; Ref. 28)

–

–

0.85
(0.62 – 1.18)

0.83
(0.46 – 1.48)

182/364

Huang et al.
(CLUE II; 28)

–

–

0.82
(0.56 – 1.21)

0.79
(0.41 – 1.54)

142/284

Age, energy
intake,
ethnicity
Age, education,
family history,
energy intake
Age, total energy,
vasectomy,
smoking, marital
status, study area,
BMI, vitamin use,
diet
Age, residence,
education, family
history, BMI,
energy intake
Age, race, fat,
energy, family
history, BMI,
antigen tests,
education
Age, height,
NSAIDs,
socioeconomic
status
Age, race, smoking,
education, family
history, alcohol,
calories
Age, race, study
center, time of
blood draw
Age, race, smoking,
education, time
of last meal
Age, energy,
nondietary factors
Age, smoking
Age, smoking,
exercise,
follow-up time,
BMI, plasma
cholesterol,
alcohol,
vitamin use
Age, time, family
history, BMI,
energy intake,
vitamins
Age, history,
socioeconomic
status, alcohol
Age, race,
date of blood
donation, total
lipid level, hours
since last meal,
education
Age, race,
date of blood
donation, total
lipid level, hours
since last meal,
education, BMI

Note: Moderate intake corresponds to the 2nd, 3rd, and 4th quintiles of the distribution, while high intake corresponds to the 5th quintile. Moderate value
corresponds to the 2nd, 3rd, and 4th quintiles of the distribution, while high value corresponds to the 5th quintile.
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Table 3. Pooled RRs of prostate cancer and 95% CIs for intakes of tomato and lycopene and concentrations of
serum lycopene
Moderate intake or concentration

Raw tomato (all studies)
Raw tomato (case-control)
Raw tomato (cohort)
Cooked tomato (all studies)
Cooked tomato (case-control)
Lycopene intake (all studies)
Lycopene intake (case-control)
Lycopene intake (cohort)
Serum lycopene (all studies)
Serum lycopene (case-control)
Serum lycopene (cohort)

High intake or concentration

No. studies

Pooled RR

Ri

Q test
(P value)

Pooled RR

Ri

Q test
(P value)

9
7
2
6
5
10
7
3
7
2
5

0.94
0.97
0.88
1.07
1.07
0.99
0.97
1.00
0.85
0.74
0.87

0.43
0.38
0.83
0.98
0.94
0.01
0.01
0.01
0.01
0.63
0.01

0.09
0.16
0.10
0.10
0.35
0.73
0.58
0.55
0.68
0.15
0.89

0.89
0.98
0.71
0.81
0.88
0.89
0.98
0.84
0.74
0.55
0.78

0.50
0.26
0.01
0.00
0.00
0.28
0.00
0.67
0.00
0.79
0.00

0.05
0.24
0.34
0.90
0.96
0.23
0.48
0.14
0.44
0.11
0.76

(0.88 – 1.01)
(0.89 – 1.05)
(0.77 – 1.00)
(1.06 – 1.08)
(1.06 – 1.08)
(0.93 – 1.06)a
(0.86 – 1.09)
(0.92 – 1.08)b
(0.75 – 0.97)
(0.53 – 1.04)
(0.76 – 1.00)

(0.80 – 1.00)
(0.86 – 1.12)
(0.57 – 0.87)
(0.71 – 0.92)
(0.71 – 1.11)
(0.81 – 0.98)
(0.83 – 1.16)
(0.75 – 0.95)
(0.59 – 0.92)
(0.32 – 0.94)
(0.61 – 1.00)

Notes: Moderate intake corresponds to the 2nd, 3rd, and 4th quintiles of the distribution, while high intake corresponds to the 5th quintile. Moderate value
corresponds to the 2nd, 3rd, and 4th quintiles of the distribution, while high value corresponds to the 5th quintile. R i is the proportion of the total variance
due to between-study variance. Large values (>0.75) indicate high power of the corresponding significance test, while small values (<0.4) indicate that the
test for heterogeneity is underpowered and may be deceptive if the number of studies is small (7).
a
Results based on nine studies.
b
Results based on two studies.

explained above. The weight was given by the number of
subjects (either cases or controls) within each category.
For cohort studies, the dependent variable of the Poisson
regression was the case number within each category, the
independent variable was the mean intake value of each
quintile, and the offset term was the total person-time of
each category. We repeated this analysis for the average
content of lycopene found in one serving of a tomato (6).
We explored publication bias using a funnel plot.
We tested for heterogeneity using the DerSimonian
and Laird’s Q statistic and its parametric bootstrap
version (with 1000 replications; 7). We also quantified
heterogeneity by calculating the proportion of total
variance due to between-study variance (R i statistic; 7).
All analyses were done using HEpiMA version 2.13 (8).

Results
Our search resulted in 23 potential articles (2 – 5, 9 – 27).
Four studies were excluded, as they did not provide CIs
of the RRs or any other information that allowed for their
calculations (9, 11 – 13). We contacted the authors with
the purpose of obtaining those missing figures, but up to
the time of completion of this article, we had not received
this information. One study, upon request to the first
author, provided information that was missing in the
original publication (10). Results of one cohort study
were published in two separate publications (22, 23),
while results of two separate nested case-control studies
were published in the same article (28).
Eleven case-control studies (2 – 5, 10, 14 – 16, 19, 26, 27),
five cohort studies (21 – 25), and five nested case-control
studies met our inclusion criteria. Seven case-control
studies (with 5506 cases and 5533 controls; 2 – 5, 14 – 16)
and two cohort studies (21, 22) presented data on raw or
unspecified tomato intake (Table 1). Five case-control
studies (2, 4, 5, 15, 16) and one cohort study (22)
presented data for cooked tomatoes. As for lycopene,
seven case-control studies (3 – 5, 16, 19, 26, 27) and three

cohort studies (22, 24, 25) presented data on intake of this
micronutrient, while two case-control studies (10, 19) and
five nested case-control studies (17, 18, 20, 28) presented
results referring to serum concentrations (Table 2).
Compared with people having a low consumption of
raw tomato products, the RR of prostate cancer of those
having a moderate intake was 0.94 (95% CI 0.88 – 1.01;
Table 3). The RR of prostate cancer per additional serving
of raw tomato daily (200 g) was 0.97 (95% CI 0.85 – 1.10)
for case-control studies and 0.78 (95% CI 0.66 – 0.92) for
cohort studies. The pooled RR for moderate intake of
cooked tomato products was 1.07 (95% CI 1.06 – 1.08). As
no universally accepted average size for cooked tomato
products is available, we could not calculate the risk
associated with one serving of cooked tomato. The
pooled RR of moderate lycopene intake was 0.99 (95%
CI 0.93 – 1.06; Table 3), while that corresponding to an
increase of 12.7 mg/day of lycopene [the average content
of one raw tomato serving of 200 g (29)] was 0.95 (95%
CI 0.89 – 1.26) for case-control studies and 0.38 (95%
CI 0.34 – 0.42) for cohort studies. The effect shown by
increasing concentrations of serum lycopene was higher
than that of lycopene intake: for high serum concentrations, the pooled RR was 0.74 (95% CI 0.59 – 0.92). In
general, when we restricted our analysis to high intakes
(5th quintile of intake) of tomato or tomato products, the
preventive effect increased (Table 3; Fig. 1). The RRs
were 0.89 (95% CI 0.80 – 1.00) for raw tomato and
0.81 (95% CI 0.71 – 0.92) for cooked tomato.
When we stratified the lycopene intake case-control
studies by control selection [hospital-based studies
(26, 27) and population-based studies (3 – 5, 16, 19)], no
major changes were noticed in the pooled estimates
(Fig. 2). The pooled RR for moderate lycopene intake was
0.9 (95% CI 0.8 – 1.1) for population-based case-control
studies and 1.1 (95% CI 0.9 – 1.6) for hospital-based
studies.
We explored publication bias using a funnel plot
taking into account that this graphical method may not
be ideal in detecting publication bias when the number of
studies is small as in our meta-analysis. In spite of the
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Fig. 3. Funnel plot of studies of high intake of raw tomatoes and prostate
cancer.
Fig. 1. RRs and 95% CIs for studies of high intake of raw tomatoes and prostate
cancer.

absence of symmetry in Fig. 3, the funnel plot, which
relates the magnitude of the RR of each study to the
inverse of its variance, did not show strong evidence for
publication bias for tomato intake. Figure 4 (lycopene
intake) was consistent with a symmetrical funnel with a
large base and a sharp upper part, showing that there is
no evidence for publication bias.

Discussion
The anticarcinogenic effects of lycopene are thought to be
through several mechanisms. Lycopene is thought to
inhibit proliferation of cancerous cells at the G0-G1 cell
cycle phase (30). Lycopene has also been shown to
prevent carcinogenesis by protecting important cellular
biomolecules including lipoproteins and DNA (31). In
healthy human subjects, lycopene or tomato free diets
resulted in loss of lycopene and an increase in lipid
oxidation (32). One study has shown that lycopene may
have antioxidant properties similar to that of statins (33).
The results of our study are consistent with a modest
inverse association between tomato intake and the risk of
prostate cancer. However, unlike cooked tomatoes, the
decrease in the risk for high consumption of raw (or

Fig. 2. RRs and 95% CIs for studies of high intake of lycopene and prostate
cancer.

uncooked) tomatoes presents only borderline statistical
significance. In general, the lack of precision in the
magnitude of the pooled measures is due to the relatively
small number of studies.
Globally, the pooled results between groups of studies
were homogeneous. Except for the studies of high intake
of raw tomato, which show a borderline heterogeneity
(P-value Q* = 0.05 for R i = 0.5), the rest does not provide
any evidence of heterogeneity. It is remarkable that this
borderline heterogeneity disappears when we stratify the
studies by design. However, only two cohort studies are
included in this analysis.
Further stratification of the case-control studies by
control selection did not find any meaningful difference
in the effect. However, the small number of studies (five
for population-based studies and two for hospital-based
studies) may limit any meaningful comparison.
The preventive effect was slightly stronger for high
intakes of cooked tomato products than for high intakes
of raw tomatoes. Several explanations may exist for this
possible greater benefit. The effect may be due to the
higher concentration of lycopene in tomato products, as
in tomato sauce, but it may also be due partially to the
bioavailability of lycopene, which is a lipophilic molecule. Studies have shown that absorption of lycopene
is increased with processing, heat, and presence of fat
(34 – 36). These results are corroborated by our results
regarding a protective effect of lycopene, essentially
when measured in serum. It is already known that the
correlation between dietary lycopene intake and serum

Fig. 4. Funnel plot of studies of high intake of lycopene and prostate cancer.
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lycopene is low (37). This is probably due to saturation of
absorption at higher intakes. This saturation may occur at
lower doses for subjects at risk for prostate cancer than
for the rest of subjects. This differential saturation could
partially explain the stronger protective effect observed
in studies of plasma lycopene compared with that found
in studies of lycopene intake.
Our meta-analysis may be subject to several limitations. Although there was little evidence of publication
bias from our funnel plot, results from the studies that
were not accepted for publication apparently may have
changed the results of our meta-analysis. Recall bias may
be present in case-control studies of tomato and lycopene
intake included in our meta-analysis. The preventive
effect is weaker than that found in cohort studies,
especially for high intakes. This difference between the
effects across study designs is not found for studies of
serum lycopene, in which exposure is measured in an
objective fashion and where recall bias is not a concern.
Finally, residual confounding (confounding from unknown variables that is not eliminated by adjustment), as
in any meta-analysis of observational studies, may
introduce considerable bias. The direction of this bias is
unpredictable.
In summary, our results show that tomato products
may play a role in the prevention of prostate cancer.
However, this effect is modest. Despite the preventive
benefits of lycopene found in this study, the existing
evidence is not overwhelming enough to recommend the
use of lycopene supplements in the prevention of
prostate cancer. The lack of clinical evidence as well as
the suboptimal quality of nutritional supplements in
general (38) further strengthens the argument that more
research in this area is needed to determine the type and
quantity of products involved in this prevention.

References
Sites H, Stahl W. Vitamins E and C, h-carotene, and other carotenoids
as antioxidants. Am J Clin Nutr, 1995;62(6 Suppl):15 – 21S.
2. Tzonou A, Signorello LB, Laigou P, et al. A diet and cancer of the
prostate: a case-control study in Greece. Int J Cancer, 1999;80:704 – 8.
3. Jain MG, Hislop GT, Howe GR, Ghadirian P. Plant foods,
antioxidants, prostate cancer risk: findings from case-control studies
in Canada. Nutr Cancer, 1999;34:173 – 84.
4. Cohen JH, Kristal AR, Stanford JL. Fruit and vegetable intake and
prostate cancer risk. J Natl Cancer Inst, 2000;92:61 – 8.
5. Key TJ, Silcocks PB, Davey GK, et al. A case-control study of diet and
prostate cancer. Br J Cancer, 1997;76:678 – 87.
6. Agarwal Rao AV. Tomato lycopene and its role in human health and
chronic diseases. Can Med Assoc J, 2000;163:739 – 44.
7. Takkouche B, Cadarso-Suarez C, Spiegelman D. Evaluation of old
and new tests of heterogeneity in epidemiologic meta-analysis. Am J
Epidemiol, 1999;150:206 – 15.
8. Costa-Bouzas J, Takkouche B, Cadarso-Suarez C, Spiegelman D.
HEpiMA: software for the identification of heterogeneity in metaanalysis. Comput Methods Prog Biomed, 2001;64:101 – 7.
9. Comstock GW, Helzsouer KJ, Bush TL. Prediagnostic serum levels of
carotenoids and vitamin E as related to subsequent cancer in
Washington County, Maryland. Am J Clin Nutr, 1991;53:260 – 4.
10. Vogt TM, Mayne ST, Graubard BI, et al. Serum lycopene, other serum
carotenoids, and risk of prostate cancer in US Blacks and Whites. Am
J Epidemiol, 2002;155(11):1023 – 32.
11. Le Marchand L, Hankin JH, Kolonel LN, Wilkens LR. Vegetable and
fruit consumption in relation to prostate cancer risk in Hawaii: a reevaluation of the effect of dietary h-carotene. Am J Epidemiol,
1991;133:215 – 9.
12. Hayes RB, Ziegler RG, Gridley G, et al. Dietary factors and risks for
prostate cancer among blacks and whites in the United States. Cancer
Epidemiol Biomarkers & Prev, 1999;8:25 – 34.

1.

13. Schumman LM, Mandel JS, Radke A, et al. Some selected features of
the epidemiology of prostatic cancer: Minneapolis-St. Paul, Minnesota case-control study, 1976 – 1979. In: Magnus K, editor. Trends in
cancer incidence: causes and practical implications. Washington
(DC): Hemisphere Publishing; 1982. p. 345 – 54.
14. Villeneuve PJ, Johnson KC, Kreiger N, et al. Risk factors for prostate
cancer: results of the Canadian National Enhanced Cancer Surveillance System. The Canadian Cancer Registries Epidemiology
Research Group. Cancer Causes & Control, 1999;10:355 – 67.
15. Kolonel L, Hankin JH, Whittemore AS, et al. Vegetables, fruits,
legumes and prostate cancer: a multiethnic case-control study.
Cancer Epidemiol Biomarkers & Prev, 2000;9:795 – 804.
16. Norrish AE, Jackson RT, Sharpe SJ, Skeaf CM. Prostate cancer and
dietary carotenoids. Am J Epidemiol, 2000;151:119 – 23.
17. Gann PH, Ma J, Giovannucci E, Wellett W, et al. Lower prostate
cancer risk in men with elevated plasma lycopene levels: results of a
prospective analysis. Cancer Res, 1999;59:1225 – 30.
18. Hsing AW, Comstock GW, Abbey H, Polk FB. Serologic precursors of
cancer, retinol, carotenoids and tocopherol and risk of prostate
cancer. J Natl Cancer Inst, 1990;82:941 – 6.
19. Lu QY, Hung JC, Heber D, et al. Inverse associations between plasma
lycopene and other carotenoids and prostate cancer. Cancer
Epidemiol Biomarkers & Prev, 2001;10:749 – 56.
20. Nomura AM, Stemmermann GN, Lee J, Craft NE. Serum micronutrients and prostate cancer in Japanese Americans in Hawaii.
Cancer Epidemiol Biomarkers & Prev, 1997;6:487 – 91.
21. Mills PK, Beeson WL, Philips RL, Fraser GE. Cohort study of diet,
life style and prostate cancer in Adventist men. Cancer, 1989;64:
598 – 604.
22. Giovannucci E, Rimm EB, Liu Y, et al. A prospective study of tomato
products, lycopene and prostate cancer risk. J Natl Cancer Inst,
2002;94:391 – 8.
23. Giovannucci E, Ascherio A, Rimm EB, et al. Intake of carotenoids and
retinol in relation to risk of prostate cancer. J Natl Cancer Inst,
1995;85:1767 – 76.
24. Schuurman AG, Goldbohm RA, Brants HA, Van den Brandt PA. A
prospective cohort study on intake of retinal, vitamins C and E, and
carotenoids and prostate cancer risk. Cancer Causes & Control,
2002;13:573 – 82.
25. Cerhan J, Chiu B, Putnam S et al. A cohort study of diet and prostate
cancer risk [abstract]. Cancer Epidemiol Biomarkers & Prev,
1998;7:175.
26. Meyer F, Bairati I, Fradet Y, Moore L. Dietary energy and nutrients in
relation to preclinical prostate cancer. Nutr Cancer, 1997;29:120 – 6.
27. Deneo-Pelligrini H, De Stefani E, Ronco A, Mendilaharsu M. Foods,
nutrients and prostate cancer: a case-control study in Uruguay. Br J
Cancer, 1999;80:591 – 7.
28. Huang H, Alberg AJ, Norkus EP, Hoffman SC, Comstock, Helzlsouer
KJ. Prospective study of antioxidant micronutrients in the blood and
the risk of developing prostate cancer. Am J Epidemiol, 2003;157:
335 – 44.
29. Rao AV, Waseem Z, Agarwal S. Lycopene content of tomatoes and
tomato products and their contribution to dietary lycopene. Food Res
Int, 1999;31:737 – 41.
30. Matsushima NR, Shidoji Y, Nishiwaki S, et al. Suppression by
carotenoids of microcystin-induced morphological changes in mouse
hepatocytes. Lipids, 1995;30:1029 – 34.
31. Pool-Zobel BL, Bub A, Muller H, et al. Consumption of vegetables
reduces genetic damage in humans: first result of a human
intervention trial with carotenoid-rich foods. Carcinogenesis,
1997;18:1847 – 50.
32. Rao AV, Agarwal S. Effect of diet and smoking on serum lycopene
and lipid peroxidation. Nutr Res, 1998;18:713 – 21.
33. Fuhramn B, Elis A, Aviram M. Hypocholesterolemic effect of
lycopene and h-carotene is related to suppression of cholesterol
synthesis and augmentation of LDL receptor activity in macrophage.
Biochem Biophys Res Commun, 1997;233:658 – 62.
34. Rao AV, Agarwal S. Role of lycopene as antioxidant carotenoids
in the prevention of chronic diseases: a review. Nutr Res, 1999;19:
305 – 23.
35. Gartner C, Stahl W, Sies H. Lycopene is more bioavailable from
tomato past than fresh tomatoes. Am J Clin Nutr, 1997;66:116 – 22.
36. Stahl W, Sies H. Uptake of lycopene and its geometrical isomers is
greater from heat-processed than from unprocessed tomato juice in
humans. J Nutr, 1992;122:2161 – 6.
37. Freeman VL, Meydani M, Yong S, et al. Prostatic levels of tocopherols,
carotenoids and retinol in relation to plasma levels and self-reported
usual dietary intake. Am J Epidemiol, 2000;151:109 – 18.
38. Green GA, Catlin DH, Starcevic B. Analysis of over-the-counter
dietary supplements. Clin J Sport Med, 2001;11:254 – 9.

Cancer Epidemiol Biomarkers Prev 2004;13(3). March 2004

Downloaded from cebp.aacrjournals.org on May 15, 2021. © 2004 American Association for Cancer Research.

345

The Role of Tomato Products and Lycopene in the
Prevention of Prostate Cancer: A Meta-Analysis of
Observational Studies
Mahyar Etminan, Bahi Takkouche and Francisco Caamaño-Isorna
Cancer Epidemiol Biomarkers Prev 2004;13:340-345.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
http://cebp.aacrjournals.org/content/13/3/340

This article cites 34 articles, 7 of which you can access for free at:
http://cebp.aacrjournals.org/content/13/3/340.full#ref-list-1
This article has been cited by 25 HighWire-hosted articles. Access the articles at:
http://cebp.aacrjournals.org/content/13/3/340.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://cebp.aacrjournals.org/content/13/3/340.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's
(CCC)
Rightslink site.

Downloaded from cebp.aacrjournals.org on May 15, 2021. © 2004 American Association for Cancer Research.

