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Ingestion of tomato paste and PSA levels

Effect of the consumption of tomato
paste on plasma prostate-specific
antigen levels in patients with benign
prostate hyperplasia
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Abstract

The consumption of tomatoes and tomato products has been associ-
ated with a reduced risk of prostate cancer. We observed a decrease of
10.77% in prostate-specific antigen (PSA) levels in patients with
benign prostate hyperplasia who were submitted to daily ingestion of
tomato paste. This was an experimental rather than a controlled study
with a sample of 43 men ranging in age from 45 to 75 years, all with
histological diagnoses of benign prostate hyperplasia and plasma PSA
levels of 4-10 ng/mL. All patients received 50 g of tomato paste once
a day for 10 consecutive weeks and PSA levels were analyzed before,
during and after the consumption of tomato paste. ANOVA for
repeated measures was used to compare PSA levels before, during and
after the consumption of tomato paste. The mean ± SD PSA level was
6.51 ± 1.48 ng/mL at baseline and 5.81 ± 1.58 ng/mL (P = 0.005) after
10 weeks. Acceptance was good in 88.3, regular in 9.3, and poor in
2.3% of the patients. Dietary ingestion of 50 g of tomato paste per day
for 10 weeks significantly reduced mean plasma PSA levels in pa-
tients with benign prostate hyperplasia, probably as a result of the high
amount of lycopene in tomato paste. This was not a prostate cancer
prevention study, but showed some action of tomato paste in prostate
biology. The development of prostate cancer is typically accompanied
by an increase in plasma PSA levels, thus any intervention that affects
plasma PSA levels can suggest an impact in the progression of disease.
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The concentration of prostate-specific
antigen (PSA) has been used as a tumor
marker in the progression of prostate cancer,
with high values possibly suggesting the
onset of the disease (1). PSA is not really a
pure marker for prostate cancer since it is
already produced by normal prostatic cells.

However, it has been successfully used as a
parameter for prostate biopsy when present
at levels higher than 4 ng/mL. More recently,
even lower values have been suggested to
indicate the possibility of the disease. The
low specificity of this test has challenged
urologists to search for other more specific
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markers of prostate cancer or PSA fractions
and other parameters such as density, speed
of PSA increase and free PSA as a means of
improving the performance of this world-
widely used test (2). We also know that
benign prostate hyperplasia (BPH) is fol-
lowed by an increase in plasma PSA levels
that may be related to BPH volume (3).

Many studies have associated consump-
tion of tomatoes and tomato products with a
reduced risk of prostate cancer (4). The hy-
pothesis is that lycopene, the main caro-
tenoid in tomatoes, has a direct effect on the
prostate (5,6). There is also evidence that
tomatoes may contain other compounds in
addition to lycopene that may influence pros-
tate carcinogenesis (7).

The amount of lycopene in fresh toma-
toes depends on their variety, ripeness levels
and environmental conditions under which
the fruit was grown (8). Nonetheless, indus-
trialized tomato products or cooked toma-
toes have been shown to contain the largest
amount of bioavailable lycopene (9). The
thermal process breaks down cell walls and
permits the extraction of lycopene from the
chloroplasts (10).

Many mechanisms proposed for lyco-
pene play a role in the prevention of prostate
cancer: antioxidant function (it is the caro-
tenoid with the best ability to quench singlet
oxygen), inhibition of cell cycle progres-
sion, increased apoptotic index, increased
gap-junctional communication, inhibition of

insulin-like growth factor-1 signal transduc-
tion, inhibition of interleukin-6 expression,
induction of phase II enzymes, and inhibi-
tion of androgen activation and signaling
(5). Perhaps the latter is of the greatest im-
portance considering the fact that male hor-
mones have a significant influence on the
development of prostate cancer (11).

The objective of the present study was to
measure PSA levels in patients with a histo-
logical diagnosis of BPH who were submit-
ted to a daily diet containing lycopene-rich
tomato paste.

In this non-controlled study, 43 men rang-
ing in age from 45 to 75 years diagnosed
with BPH (histological criterion by prostate
biopsy done at most one year before) and
plasma PSA levels between 4 and 10 ng/mL
were monitored. None of the patients took
hormones, finasteride or lycopene supple-
ments.

All patients were instructed to consume
50 g of tomato paste (3 soup spoons) once a
day for 10 consecutive weeks. The paste
could be mixed with warm or cold food, but
not boiled. It could also be taken as tomato
juice (blending tomato paste with a glass of
water), or even pure according to patient
preference. The distribution of this daily
quantity was also optional; the patient was
permitted to choose the amount of tomato
paste to eat at any time - either once, twice or
three times a day. No diet orientation was
given; all patients could keep their normal
diets and simply add tomato paste to it.

The tomato paste brand used was Oderich
S/A (São Sebastião do Caí, RS, Brazil). This
product is a result of the concentration of
tomato pulp taken from ripe and safe fruit
obtained by an appropriate technological
process with 1-3% sodium chlorite added to
it. The result is a soft red mass with a charac-
teristic tomato taste and smell.

The tomato paste lot used in this study
provided a dose of lycopene of approxi-
mately 13 mg per day. The quantity of lyco-
pene was calculated by a methodology de-

Table 1. Nutritional information for 50 g of tomato
paste.

Calories 18 kcal
Carbohydrates 2.8 g
Proteins 1.3 g
Total fat 0.2 g
Saturated fats 0.1 g
Sodium 180 mg
Lycopene 13 mg

Data are reported as mean values for 5 cans
containing 350 g each. The lot came from the
same tomato farm.
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scribed by Fish et al. (12). In addition to
calculating the amount of lycopene, the nu-
tritional value of 50 g tomato paste was also
analyzed, as described in Table 1.

The PSA exams were carried out 30 days
before the beginning of consumption and
after 4 and 10 weeks of consumption. All
exams were performed with the Elecsys®

total PSA immunoassay from Roche® (Roche
Diagnostics GmbH, D-68298 Mannheim,
Germany) and the Elecsys® 2010 analyzer.
The samples were analyzed from April 2003
to May 2004. Intra-assay reproducibility was
determined with Elecsys® reagents by
Roche® in which a 2.9% variation coeffi-
cient was obtained for a mean of PSA values
from 4.76 to 17.2 ng/mL. Inter-assay varia-
tion was determined by the Laboratory of
Hospital de Clínicas de Porto Alegre (Porto
Alegre, RS, Brazil) obtaining a mean coeffi-
cient variation of 5.74%.

Age is reported as mean ± SD and age
range, acceptance variables (good, regular,
or bad) and consumption modes (pure, mix-
ing with foods or mixed) are reported as
simple absolute frequency and percentages.

Data were analyzed statistically by
ANOVA for repeated measures to compare
the plasma PSA levels before, during and
after the consumption of tomato paste, with
the level of significance set at P < 0.05.
ANOVA with a level of significance of 0.05
was used to compare the consumption mode
and the plasma PSA levels. PSA values are
reported as means, medians and SD.

Average age was 63.7 years and age
range was predominantly 60-70 years (19
patients or 44.2%).

When asked about the acceptance of the
product at the end of the study, 38 (88.3%)
patients considered it good, 4 (9.3%) consid-
ered it regular and only 1 (2.3%) considered
it poor.

Regarding consumption modes, 25
(58.1%) patients consumed tomato paste with
other foods, 13 (30.2%) consumed it pure or
with water and 5 (11.6%) consumed it both

ways (mixed mode). Consuming tomato paste
with water to make a juice to drink during a
meal was considered to be consumption
mixed with food. Consumption was only
considered to be pure when the product was
consumed independently of any other food.

The tomato paste that was mixed with
other foods reduced the levels of PSA in
relation to the other modes of consumption,
although the difference was not significant
(P = 0.148), possibly because of the small
sample. This probable reduction may occur
because of the better absorption of lycopene
when it is consumed together with oils (13).

In this sample, mean plasma PSA levels
were reduced from 6.51 ± 1.48 to 5.81 ± 1.58
ng/mL (P = 0.005), with a power of 87.11%.
Basal plasma PSA levels did not differ sig-
nificantly (P = 0.876) from PSA levels deter-
mined after the 4th week, but differed sig-
nificantly from the 4th to the 10th week (P =
0.002). The total results of the test and PSA
values are presented in Table 2.

Some minor adverse effects were noted,
namely skin itching (4.6%), heartburn (7%)
and flatulence (2.3%).

No experimental study was found in the
scientific literature on lycopene or tomatoes
and tomato products consumed by men with
a histological diagnosis of BPH. Therefore,
all human studies discussed in the present
study concern patients with prostate cancer.

A study observed 32 men with prostate
cancer who also received 30 mg of lycopene

Table 2. Prostate-specific antigen (PSA) values of the study subjects before, during,
and after the consumption of tomato paste.

Variables Basal PSA PSA 4th week PSA 10th week
(ng/mL) (ng/mL) (ng/mL)

Mean ± SD 6.51 ± 1.48 6.47 ± 2.06 5.81 ± 1.58*
95% CI 6.05-6.97 5.83-7.10 5.32-6.30
Median 6.52 6.09 6.21
Minimum value 4.21 1.63 1.40
Maximum value 10 11.76 8.79

*The PSA value for 10 weeks was significantly lower than basal and 4 week values (P
< 0.005), which were not different from each other (ANOVA).
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through tomato paste added to different
preparations for 3 weeks before prostatec-
tomy. The concentrations of lycopene in-
creased in the plasma and prostate (1.97 and
2.92 times, respectively; P < 0.001), and
PSA levels decreased to 17.5% (P < 0.002)
(6). Our study showed a decrease in PSA
levels to 10.77%, although the study sub-
jects did not have a diagnosis of prostate
cancer.

An experimental study with mice pub-
lished in 2003 offers some interesting data
on a diet based on tomatoes and lycopene
supplement. The mice were fed three types
of diet regimens: diet restriction, lycopene
supplement and tomato powder. It was ob-
served that the diet containing tomato pow-
der but not a lycopene supplement inhibited
prostate cancer, suggesting that tomatoes
contain substances, in addition to lycopene,
that may modulate prostate carcinogenesis
(14).

Tomato paste was chosen for the present
study for the following reasons: a) the use of
one food, considering that the absorption of
primary food is more effective than food
supplements (15); b) tomato paste is rich in
lycopene (9,16), and c) possibly, tomatoes
have other properties besides lycopene that
can affect blood PSA levels (7,14).

The development of prostate cancer is
typically accompanied by an increase in

plasma PSA levels (17). Perhaps it would be
reasonable to assume that some intervention
that affects plasma PSA levels can have an
impact on the natural history of this disease
(18). The gene encoding PSA is one of the
well-known androgen target genes (19).
Thus, the decrease in serum PSA level may
mean an anti-androgen effect of lycopene in
the human prostate with the potential to
prevent prostate cancer (5).

In order to obtain strong evidence that
tomato paste decreases the levels of PSA in
plasma, thus being able to prevent prostate
cancer, it would be ideal to carry out a major
clinical, randomized, multicentric, double-
blind trial for several years. But the diffi-
culty in achieving this is obvious: it is diffi-
cult to double-blind the consumption of to-
mato paste. One way of doing this would be
to carry out a study using capsules contain-
ing tomato components such as selenium
and vitamin E, as in the SELECT study (20).
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