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ABSTRACT Tomatoes are the fourth most commonly consumed fresh vegetable and the most frequently
consumed canned vegetable in the American diet. There is emerging epidemiology data supporting the connection
between increased tomato consumption and reduced risk for both cardiovascular disease and prostate cancer.
Here we will summarize the nutrient and the phytochemical content of tomatoes and tomato products, and how
these bioactive components might act together to modulate disease development. Recent animal studies have
investigated tomatoes, lycopene, and prostate cancer using the N-methyl-N-nitrosourea and Dunning rat models.
These animal studies also suggest that diets containing tomatoes may decrease the risk or the progression of
prostate cancer. Due to the frequency and the extent of tomato consumption, the supporting epidemiological and
animal data, which connect increased intakes with decreased cancer and cardiovascular disease risk, tomato’s
role in the American diet is of undeniable importance as part of a healthy diet. J. Nutr. 135: 1226–1230, 2005.
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Annually, the average American consumes 17.9 pounds of
fresh tomatoes (Lycopersicon esculentum) and 68.7 pounds of
processed tomato products, as shown in Table 1 (1,2). Onions,
head lettuce, and potatoes are the only fresh vegetables con-
sumed more frequently than tomatoes in America, whereas
tomatoes are by far the most frequently consumed canned
vegetable (1,2). The Economic Research Service of the USDA
estimates that 35% of raw tomatoes are processed into sauces,
18% into tomato paste, 17% for canned tomatoes, 15% into
juices, and 15% into catsup (2). Interestingly, teenage boys
(ages 12–19 y) have the highest per capita consumption of
catsup, with fresh tomato and tomato juice consumption rising
with increased age in both men and women (2). Many tomato
products are good sources of potassium, folate, and the vita-
mins A, C, and E, as demonstrated in Table 2 (3). Tomato

products contain similar amounts of potassium and folate
compared with other popular vegetables, but tomato products
are a superior source of alpha-tocopherol and vitamin C (3). In
comparison with the other regularly consumed vegetables,
only carrots are a better dietary source of vitamin A than
tomato-based foods.

In addition to their micronutrient benefits, tomatoes also
contain valuable phytochemicals, including carotenoids and
polyphenols. For instance, carotenoids, such as the red pig-
mented lycopene, �-carotene, a pro-vitamin A compound;
phytoene, and phytofluene are all found in abundance in raw
tomatoes and tomato products (Table 3) (3,4). Flavonol con-
tent of tomatoes is also high, with up to 98% of the total
flavonols contained in the skin as the conjugated forms of
quercetin and kaempferol (5). Of lycopene consumption, 85%
comes from tomato sources, such as canned tomato sauces
(�288 �g/g) and other food sources of lycopene include fresh
watermelon (�45 �g/g) and pink grapefruit (�14 �g/g) (6,7).

These tomato phytochemicals are thought to contribute to
the reduced risk of human ailments such as cardiovascular
disease (CVD)4 and prostate cancer. With prostate cancer, it
appears that appropriate food choices can slow the onset of the
disease and can play a role in prevention (8,9). In 2005, the
estimated new cases of prostate cancer in the United States
will reach over 232,000 men; accounting for 33% of new
cancer cases; therefore making prostate cancer the most fre-
quent newly diagnosed cancer (10). The estimated deaths
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from prostate cancer will be 30,350, which comprises 10% of
all male cancer deaths, making prostate cancer the second
leading cause of cancer death in men (10). Proper nutrition
has also shown to be effective in the prevention and the
treatment of CVD, and the American Heart Association has
set up guidelines for reducing the risk of developing CVD (11).
Over 70 million Americans have some form of CVD, and this
disease will account for 38% of all deaths, making CVD the
number one killer of Americans at one death every 34 seconds
(12). Due to the overwhelming number of Americans suffering
from these 2 diseases, a successful nutrition intervention could
have a profound impact on health care cost and improvement
in quality of life. A great deal of research is needed to deter-
mine the mechanisms by which diet may delay or prevent the
onset of CVD and prostate cancer.

Tomatoes, lycopene, and prostate cancer risk

Epidemiological evidence. Several epidemiological studies
have reported an inverse relation between consumption of
tomatoes and/or its major carotenoid lycopene, and reduced
prostate cancer risk. Using plasma samples from men enrolled
in the Physicians’ Health Study, a randomized and placebo-
controlled trial of aspirin and �-carotene, lycopene was found
to be the only antioxidant at significantly lower levels in
prostate cancer cases than in the matched controls (P � 0.04)
(13). This inverse association was particularly evident for
aggressive types of prostate cancer and for men not taking a
�-carotene supplement. A case-control study was performed to
examine plasma carotenoids and the risk for prostate cancer,
using a standard epidemiological questionnaire and serum ca-

rotenoid analysis via HPLC in 65 prostate cancer patients and
132 cancer-free controls (14). An 83% reduction in prostate
cancer risk was observed in the group with the highest plasma
lycopene concentration (0.40 �m/L) in comparison with the
lowest lycopene group (0.18 �m/L) (14). In the Health Pro-
fessionals Follow-Up Study, similar results were found, where
an intake of �2 servings a week of tomato products resulted in
a lower risk of prostate cancer (15). This particular study
examined 51,529 male heath professionals between 40 and
75 y of age and evaluated lycopene and tomato product intakes
and established that a greater risk reduction for prostate cancer
occurred with tomato sauce [relative risk (RR) � 0.77 for 2�
servings/wk vs. �1 serving/mo; 95% CI: 0.66–0.90; Ptrend
� 0.001] than with lycopene intake alone (RR � 0.84 for high
vs. low quintiles; 95% CI: 0.73–0.96; Ptrend � 0.003) (15). A
nested case-control study from the Health Professionals Fol-
low-Up Study cohort further examined the association be-
tween plasma carotenoids and prostate cancer risk (16). By
matching 450 cases with 450 controls, it was determined that
there was a significant inverse relation between a higher con-
centration of serum lycopene and a lower risk of prostate
cancer. This finding was restricted to older men and those
without a family history of prostate cancer. The authors spec-
ulated that these findings indicate that tomatoes have the
ability to protect against sporadic prostate cancer better than
familial prostate cancer.

A recent meta-analysis searched both MEDLINE and
EMBASE for relevant tomato and prostate cancer papers and
11 case-control studies and 10 cohort studies were chosen for
analysis (17). At the time of this meta-analysis, the case-
control study described above (16) was not yet published and
therefore was not included. This meta-analysis found that,
compared with infrequent consumers of raw tomatoes, the RR
for prostate cancer in the highest quartile of intake was 0.89
(95% CI: 0.80–1.00), and for those consuming cooked tomato
products, the RR was 0.81 (95% CI: 0.71–0.92) (17). The
authors noted that the effect seen was modest even with high
levels of tomato intake. Overall, epidemiological evidence
supports further investigation of the relation between tomato
product consumption and reduced risk for developing prostate
cancer. Animal studies would allow scientists to elucidate the
possible mechanisms of action, as well as the dose and the form
of tomatoes that might provide optimum cancer risk reduc-
tion, before more expensive and time-consuming clinical
trials.

Experimental evidence. There are several established an-
imal models that can be used to study prostate cancer initia-
tion, promotion, and progression, some of which are appropri-
ate for dietary intervention studies. One such model, is the

TABLE 1

Fresh and canned vegetable utilization per capita of the
United States, 20011

Vegetable Fresh consumption Canned consumption

pound/y

Carrots 10.6 —
Tomatoes 17.9 68.7
Onions 18.1 —
Head lettuce 24.2 —
Potatoes 46.7 —
Snap beans — 3.7
Pickles — 3.8
Corn — 9.2

1 Ref. (1).

TABLE 2

Nutrient composition of tomatoes and related tomato products1

Nutrient

Tomato products (per 100 g)2

Raw tomatoes Catsup Tomato juice Tomato sauce Tomato soup

Potassium, mg 237 382 229 331 181
�-tocopherol, mg 0.54 1.46 0.32 2.08 0.50
Vitamin A, IU 833 933 450 348 193
Vitamin C, mg 12.7 15.1 18.3 7.0 27.3
Total folate, �g 15 15 20 9 7

1 Ref. (3).
2 USDA Nutrient Data Bank numbers: raw tomatoes, 11529; catsup, 11935; tomato juice, 11540; tomato sauce, 11549; tomato soup, 06359.
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N-methyl-N-nitrosourea (NMU) and testosterone-induced
prostate cancer model, developed by Bosland (18,19). This
model was used by our laboratory to examine the effects of
tomato or lycopene consumption on prostate cancer develop-
ment. In this study, rats were fed an AIN-93G based diet
containing 10% tomato powder or 0.025% lycopene. Feeding
tomato powder resulted in significantly longer survival due to
fewer prostate cancer deaths than rats given the control diet
(hazard ratio � 0.74; 95% CI: 0.59–0.93; P � 0.009) (20).
The lycopene-containing diet (hazard ratio � 0.91; 95% CI:
0.61–1.35; P � 0.630) resulted in a nonsignificant reduction in
survival from prostate cancer, suggesting that there may be
phytochemicals, in addition to lycopene, contained in toma-
toes, which may aid in cancer prevention.

The Dunning R-3327H transplantable tumor model exam-
ines the later stages of cancer in prostate cells placed subcu-
taneously in Copenhagen male rats (21,22). Our laboratory
examined effects of diets containing tomato powder, lycopene,
broccoli powder, and a combination of tomato plus broccoli
powder, to determine which dietary additions were most ef-
fective in decreasing prostate tumor growth. Results from the
pilot study suggest that diets containing broccoli, tomato,
lycopene, and a combination of tomato and broccoli powders
can all reduce the Dunning R-3327H prostate tumor growth
rate (23). Further animal trials will be performed in the com-
ing year to more clearly examine these dietary interventions,
as well as to evaluate possible additive effects between broccoli
and tomato powder. Possible mechanisms of action will also be
tested to determine how these dietary interventions might
reduce tumor growth.

A recently published study examined the effects of lyco-
pene and/or vitamin E, 2 components of tomatoes, on prostate
tumor growth using the Dunning MatLyLu rat model (24). In
this model, rapidly growing tumor cells are injected directly
into the ventral prostate of rats. Whereas no dietary interven-
tions decreased tumor size, lycopene, vitamin E, and their
combination all increased the fractional area of tumor tissue,
which was necrotic, compared with the untreated and vehicle-
treated animals. Microarray analysis of tumor tissues showed a
reduction in androgen signaling via vitamin E, whereas lyco-
pene acted by downregulating 5-alpha reductase 1, insulin-like
growth factor-1, and IL-6 expression.

It is notable that studies with 3 rat models of prostate
cancer provided encouraging results. Clearly, more animal
model research needs to be performed. At this time, the
animal work, in combination with the epidemiology, supports

the need for clinical trials in human subjects, focused upon
diets containing tomatoes, tomato-based foods, and tomato
phytochemicals.

Tomatoes, lycopene, and CVD risk

Several epidemiological studies have linked elevated
plasma lycopene concentration with a lower risk for develop-
ing CVD (25). For example, the Kuopio Ischemic Heart Dis-
ease Risk Factor Study examined the relation between serum
antioxidants and intima-mediated thickness of the common
carotid artery (CCA-IMT), a marker related to the risk of
having an acute coronary event. They reported that lower
levels of plasma lycopene were seen in men who had a coro-
nary event compared with men who did not (26,27). In
addition, a higher concentration of serum lycopene was in-
versely correlated with a decrease in the mean and maximal
CCA-IMT (P for linear trend � 0.001) with low lycopene,
resulting in an 18% increase in CCA-IMT (27). The Eu-
popean Multicenter Case-Control Study on Antioxidants,
Myocardial Infarction and Breast Cancer Study, better known
as the EURAMIC Study, is another case-control study that
examined the correlation between adipose lycopene concen-
tration and CVD risk. In that study, adipose samples were
analyzed for carotenoid content, because this tissue is consid-
ered a long-term storage depot for carotenoids. A higher
lycopene concentration was found to be independently pro-
tective against CVD. Specifically, the odds ratio for lycopene’s
protective effect was 0.52 when contrasting the 10th and 90th
percentiles of adipose lycopene concentrations (28).

Since 1984, CVD has caused more deaths in females than
males, claiming one death per minute, accounting for half a
million women a year (12). The Women’s Health Study is a
continuing randomized, double-blind, placebo controlled 2
� 2 factorial study examining the effect of vitamin E and
aspirin on the prevention of CVD and cancer in women
(29,30). The participants filled out FFQs and women in the
first quintile of tomato consumption (�1.5 servings a week)
were compared with those eating 1.5 to �4, 4 to �7, 7 to �10,
or �10 servings a week. The RRs of CVD with tomato intake
were 1.02, 1.04, 0.68, and 0.71, respectively (P for trend
� 0.029). It was also reported that a decreased risk for devel-
oping CVD was more strongly associated with higher tomato
intake than with lycopene intake (29). Blood samples were
analyzed for lycopene concentration, and the women in the
upper 3 quartiles of plasma lycopene were found to have a

TABLE 3

Carotenoid content of tomatoes and related tomato products1

Carotenoida

Tomato products2

Raw tomatoes Catsup Tomato juice Tomato sauce Tomato soup

mcg/100 g

�-carotene2 449 560 270 290 75
�-carotene2 101 0 0 0 0
Lycopene2 2573 17007 9037 15152 5084
Lutein � zeaxanthin2 123 0 60 0 1
Phytoene3 1860 3390 1900 2950 1720
Phytofluene3 820 1540 830 1270 720

1 Ref. (3,4).
2 USDA Nutrient Data Bank numbers: raw tomatoes, 11529; catsup, 11935; tomato juice, 11540; tomato sauce, 11549; tomato soup, 06359.
3 Adapted from Ref. 4.
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significant, multivariate, 50% risk reduction for developing
CVD compared with those in the lowest quartile (95% CI:
0.33–0.82, P � 0.005) (30). This epidemiological work sug-
gests that examination of the effects of tomato and tomato
phytochemical consumption on CVD development in animal
models may provide some interesting data to help establish the
role of tomatoes in a cardioprotective diet.

Tomato bioactive components and modes of action

Tomatoes contain many bioactive components, including
those that act as antioxidants, such as the vitamins C and E,
and many carotenoids. As the main carotenoid in tomatoes,
lycopene is often assumed to be responsible for the positive
health effects seen with increased tomato intake. Particularly,
lycopene is the most efficient carotenoid at scavenging singlet
oxygen and reactive oxygen species (31,32). The antioxidant
effect of lycopene is potentially beneficial in disease preven-
tion for both CVD and prostate cancer. In regard to CVD,
lycopene and tomatoes could possibly reduce the disease de-
velopment by reducing inflammation, inhibiting cholesterol
synthesis, or improving immune function (25).

The proposed mechanisms of action of lycopene in prostate
cancer prevention includes inhibition of proliferation, anti-
androgen and antigrowth factor effects (33,34). Foods rich in
lycopene have been found to decrease endogenous levels of
DNA strand breaks in human lymphocytes (35). In an attempt
to understand mechanisms that might explain the inverse
relation between dietary intakes of lycopene/tomato and pros-
tate cancer risk, 15 men were given either placebo or Lyc-O-
Mato, containing 15 mg of lycopene, 2.5 mg phytoene and
phytofluene, and other minor carotenoids, twice a day for 3 wk
before radical prostatectomy (36). Researchers ascertained
that the lycopene supplemented group had less cancer at the
surgical margins and in extraprostatic tissues, smaller tumors,
and an 18% reduction in prostate specific antigen (PSA)
levels, whereas the control group’s PSA levels increased by
14%. Lycopene treatment was also found to increase expres-
sion of connexin 43 in cancerous prostate tissue. Connexin 43
is a recognized tumor suppressor gene, which can increase gap
junction communication and therefore suppress overgrowth of
cells (36).

In a second small clinical trial, 32 prostate cancer patients
consumed tomato-sauce–based pasta dishes daily, containing
30 mg lycopene, for 3 wk before their scheduled radical pros-
tatectomy (37). Although there was no control group, the
tomato-product consumption resulted in a decrease in serum
PSA levels from 10.9 to 8.7 �g/L (P � � 0.001). Leukocyte
oxidative DNA damage was statistically lower after regular
tomato consumption than before the dietary intervention. In
addition, prostate tissue also showed a reduced amount of
oxidative DNA damage in men who were treated compared
with those who were randomly selected.

CONCLUSIONS

Emerging epidemiological evidence regarding lycopene, to-
matoes, and CVD has shown promising protective effects with
more frequent consumption. Epidemiology, in vitro studies,
animal studies, and small clinical human trials all provide
support for significant effects of tomato consumption on pros-
tate cancer development, although many questions still re-
main. For example, the mechanistic action of tomato compo-
nents, including lycopene and other carotenoids, and their
interactions with each other warrants further investigation.
Scientists should be mindful that tomato products contain a

variety of compounds in addition to lycopene, such as vitamins
C and E, soluble fiber, other carotenoids, and polyphenols.
Moreover, health effects derived from tomato components
could also be due in part to the effects of the metabolic
products of these bioactive compounds. Research is required to
determine how tomato phytochemicals interact with other
food components, such as sulforophane in broccoli, isoflavones
in soy, and various herbal products. Only then can we truly
understand the disease prevention capabilities of tomatoes and
how to properly process and consume tomato products for
maximal health benefits. Due to the large volume of tomatoes
that Americans consume, tomatoes are a convenient matrix by
which nutrients and bioactive components can be delivered
for human consumption (38). Overall, no matter if you are
trying to reduce the risk of CVD or prostate cancer, a diet that
regularly contains tomatoes appears to be a healthy choice and
beneficial for us all.
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