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Abstract

Objective: We investigated the association between the consumption of tomato
and lycopene and cancer mortality among US adults.

Design: Prospective.

Setting: The National Health and Nutrition Examination Survey (1999-2010).
Participants: Participants with estimated dietary data on tomato and lycopene
consumption were included. Outcome data up until 31 December 2011 were also
ascertained. Cox proportional hazard regression models were used to relate
baseline tomato and lycopene consumption with cancer mortality. We conducted
a competing-risk survival analysis to account for deaths from other causes.
Results: Adjusted Cox models showed that tomato and lycopene intake were
inversely related (hazard ratio (95% CD) to cancer mortality: 0-86 (0-81, 0-92)
and 0-79 (0-74, 0-82), respectively. In the adjusted competing-risk models, the
sub-hazard ratios (95 % CI) were 0-89 (0-83, 0:94) and 0-82 (0-78, 0-86) for cancer
mortality for tomato and lycopene intake, respectively. No significant interaction
was found for the association between tomato and lycopene consumption and
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cancer mortality while comparing older (aged >50 years) v. younger adults Keywords
(Pipteraction > 0-173 for all) and obese v. non-obese (Piyeraction > 0352 for all). Mortality
Conclusions: Our results demonstrate the potential beneficial effects of a high Tomato
dietary intake of tomato and lycopene on cancer death. Further prospective studies Lycopene
are needed to explore the association. Cancer

According to the American Cancer Society, 7-6 million peo-
ple (representing 13 % of all deaths) worldwide died from
malignant neoplasms in 2008, a figure predicted to rise to
12 million by 2030, Given the burden of the morbidity
and mortality from cancers, reducing their risk with primary
prevention strategies that may reduce disease burden
could have an important impact on public health.
Consumption of fruits and vegetables may act by inhibiting
the multistep carcinogenic process by several mechanisms,
for example via their antioxidant properties, cell-cycle
arrest or pro-vitamin A activity>®.

Lycopene is abundant in US diets. This bioactive
deep-red pigment is naturally synthesized by fruits and
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vegetables and is the most abundant carotenoid in red
tomatoes and tomato-based products, including ketchup,
tomato juice and pizza sauce>®. Tomatoes contain moder-
ate amounts of a- and p-carotene and vitamin C, which
have antioxidant and immunostimulatory properties”:.
The strong antioxidant properties of lycopene and other
constituents of tomato have a potential role as regulators
of gene function. Lycopene has also been shown to partici-
pate in the modulation of hormone and immune activity®
and in the metabolism of carcinogens'”. Thus, dietary
lycopene and tomato may exert their chemopreventive
effects in the setting of numerous diseases, including some
cancers™V, These findings have triggered interest in the
effects of lycopene and tomato consumption on health
outcomes. However, some studies have not confirmed
the protective effects of lycopene and tomato on cancer
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risk12-16)
the association of lycopene/tomato consumption and
cancer risk.

Therefore, given to paucity of studies and the high
burden of cancer mortality, we sought to design a prospec-
tive study to examine the association of tomato and
lycopene consumption with cancer mortality, by review-
ing the dietary data from a nationally representative
sample of US adults. We hypothesized that a higher
consumption of tomato and lycopene would be associ-
ated with a lower risk of cancer mortality.

, which has led to uncertainty in relation to

Methods

Population

The current study used data from the prospective US
National Health and Nutrition Examination Survey
(NHANES). The National Center for Health Statistics
Research Ethics Review Board approved the underlying
protocol and written informed consent was obtained
from all participants. The current study is based on the
analysis of data from 2-year NHANES survey cycles
between 1999 and 2010, restricted to participants aged
>20 years. Details on the NHANES laboratory/medical
technologists’ procedures and anthropometry procedures
are described elsewhere''®. Trained interviewers
collected the demographic, socio-economic, dietary and
health-related information of participants using question-
naires administered during home visits. Clinical examina-
tion and dietary assessment were conducted by skilled
personnel in mobile examination centres"”. All proce-
dures were carried out in accordance with relevant
approved guidelines and regulations!7-20-22),

Dietary intake was assessed from a 24 h recall obtained
by a trained interviewer with the use of a computer-
assisted dietary interview system with standardized
probes, namely the US Department of Agriculture’s
Automated Multiple-Pass Method®3%%_ Briefly, the type
and quantity of all foods and beverages consumed in a
single 24h period before the dietary interview (from
midnight to midnight) were collected with the use of
the Automated Multiple-Pass Method, which is designed
to facilitate the collection of complete and accurate data
while reducing respondent burden®*?>, The US Depart-
ment of Agriculture’s Food and Nutrient Database for
Dietary Studies was used to determine the nutrient content
of foods.

A digital scale was used to measure body weight to
the nearest 100 g and a fixed stadiometer to measure
height to the nearest 1 mm. BMI was calculated as body
weight in kilograms divided by the square of height in
metres. Smoking was based on self-report. The poverty
to income variable is an index for the ratio of family income
to poverty. The Department of Health and Human Services’
poverty guidelines were used as the poverty measure to
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calculate this index??. Three blood pressure readings
(including systolic and diastolic blood pressure) were
recorded by a physician using a mercury sphygmoma-
nometer and the average of the three measurements
was obtained. Blood pressure was measured in the right
arm unless otherwise specified. A blood specimen was
drawn from the participant’s antecubital vein. Fasting
blood glucose was measured by the hexokinase method
using a Roche/Hitachi 911 Analyzer and a Roche Modular
P Chemistry Analyzer®®. Diabetes was diagnosed as a self-
reported history of diabetes or fasting plasma glucose
>126 mg/d1?”, Hypertension was diagnosed in individuals
with systolic blood pressure >140 mmHg and/or diastolic
blood pressure >90 mmHg®®. Other laboratory test
details are available in the NHANES Laboratory/Medical
Technologists’ Procedures Manual™®®.

Mortality

The de-identified and anonymized data of NHANES
1999-2010 participants were linked to longitudinal
Medicare and mortality data using the NHANES-assigned
sequence number. Follow-up mortality data were
available from the date of survey participation until
31 December 2011. We examined mortality due to cancer
(C00-C97). Cause of death was determined using
the 10th revision of the International Classification of
Diseases®”,

Statistical analysis

Analyses were conducted according to the guidelines set
by the Centers for Disease Control and Prevention for
analysis of the NHANES data set, accounting for the
masked variance and using the Centers’ suggested
weighting methodology®*3V. Continuous and categorical
demographic variables were compared across tertiles of
tomato and lycopene consumption using ANOVA and
x° tests, respectively.

Multivariable Cox proportional hazards were applied to
determine the hazard ratios (HR) and 95 % CI of mortality
for each tertile (T) of tomato and lycopene consumption,
with the lowest tertile (T'1) always used as reference. To
derive the HR and 95% CI, we used two different
models: model 1 adjusted for age, gender, race, education,
marital status, poverty to income ratio, total energy intake,
physical activity, smoking and alcohol consumption; and
model 2 adjusted for age, gender, race, education, marital
status, poverty to income ratio, total energy intake, physical
activity, smoking, alcohol consumption, BMI, dietary fat,
C-reactive protein, carbohydrates, dietary fibre, meat,
BMI, hypertension and diabetes. Fine—-Gray compet-
ing-risk regression models, with adjustment, were used
to assess the risk of cancer mortality where all-cause
mortality was considered a competing event®?. A two-
sided P value of <0-05 was deemed significant.
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Data were analysed using the complex sample module
of the statistical software package IBM SPSS® Statistics
version 22.0.

Results

Overall, 22835 participants were included, with a mean
age of 47-8 years, comprising 48-9 % men. Demographic
characteristics of the participants according to categories
of tomato and lycopene consumption are shown in
Table 1. Individuals with the highest tomato intake (T3,
1-8 cups consumed/d) were significantly younger com-
pared with those with the least tomato consumption
(T1, 0-02 cups consumed/d; 43-4 v 49-5 years, respectively,
P <0001, Table 1). Men comprised the majority of
those in the highest tomato consumption group (53-2 %,
P<0-001), whereas females comprised the highest
percentage in the lowest category (53-4%, P<0-001,
Table 1. In the category of individuals with the highest
tomato intake (T3), the ethnic distribution was as follows:
non-Hispanic White (52-0 %), non-Hispanic Black (23-9 %)
and Mexican-American (12-7 %, P < 0-001, Table 1). The
majority of individuals with an educational attainment of
‘more than high school’ (49-2 %) were in the category with
highest tomato consumption (T3, 1-8 cups consumed/d),
while most of those with ‘less than high school’ (30-2 %)
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education were in the lowest category (T1, 0-02cups
consumed/d, Table 1). In case of the lycopene intake,
figures and trends were the same as for tomato intake
(Table D).

During the median follow-up of 76-4 months, a total
3469 deaths were recorded. Of these deaths, 796 were
due to cancers. We found that there was a lower rate of
mortality from cancer in the group with the highest (T3)
tomato and lycopene intake (42-5 and 45-9 %, respectively)
compared with the group with the lowest tomato and lyco-
pene consumption (T1, P < 0-001).

Using model 1 (adjusted for age, gender, race, educa-
tion, marital status, poverty to income ratio, total energy
intake, physical activity, smoking and alcohol consump-
tion), there was a negative (27 %) association between
tomato consumption and cancer mortality (HR=0-73,
95 % CI 0-64, 0-84); for model 2 (adjusted for age, gender,
race, education, marital status, poverty to income ratio,
total energy intake, physical activity, smoking, alcohol con-
sumption, BMI, dietary fat, C-reactive protein, carbohy-
drates, dietary fibre, meat, BMI, hypertension and
diabetes), the association was attenuated but still significant
(HR =0-86, 95 % CI 0-81, 0-92). As for lycopene intake, we
found an inverse association between lycopene consump-
tion and cancer mortality in model 1 (HR =0-68, 95 % CI
0-60, 0-79) and this association remained even after adjust-
ment for additional confounders (model 2) as a 21 % lower

Table 1 Characteristics of the study participants according to tomato and lycopene consumption: US adults aged >20 years, National Health

and Nutrition Examination Survey (1999-2010)

Tomato consumption tertile

Lycopene consumption tertile

T1 T2 T3 T1 T2 T3
(0-02 cups (0-3cups (1-8 cups (485 (265— (1605 (1029— (9365 (5934—
consumed/d) consumed/d) consumed/d) 796) ug)* 2685) pg)* 12 463) pg)*
Mean or Mean or Mean or Mean or Mean or Mean or
% SE % SE % SE  Pyend % SE % SE % SE  Pyend
Age (years), mean 49.5 0-2 46-3 0-1 43-4 0-2 <0-001 50-6 0-2 47.2 0-2 44.8 0-2 <0-001
and se
Gender (%)
Men 46-6 - 45.8 - 532 - <0.001 46-5 - 45.2 - 53-6 - <0.-001
Women 53-4 - 54.2 - 46-8 - 53-5 - 54.7 - 46-4 -
Race/ethnicity (%)
Mexican-American 19-4 - 17-3 - 12.7 — <0-001 21-6 — 19-4 - 14.5 — <0-001
Non-Hispanic White 46-6 - 48-1 - 52-0 - 47.2 - 49.5 - 54.3 -
Non-Hispanic Black 19-4 - 22.8 - 239 - 207 - 21.3 - 224 -
Marital status (%)
Married 51-4 - 53.2 - 52-3 — <0-001 52.2 - 53-3 - 52-3 — <0-001
Divorced 107 - 10-2 - 111 - 11.2 - 10-2 - 11.2 -
Never married 17-6 — 9-3 - 20-4 — 199 — 17-4 - 18-5 -
Education status (%)
Less than high 30-2 - 28-0 - 27-4 - <0-001 284 - 241 - 26-7 — <0-001
school
Completed high 24.3 - 236 - 24.7 - 25-6 - 231 - 26-0 -
school
More than high 464 - 47.2 - 49.2 - 47.5 - 45.0 - 481 -
school

Values are expressed as means and their standard errors or as percentages. Groups across the tertile were compared by either the 5 test or ANOVA.

*Lycopene consumption is expressed as median (25th—75th percentile).
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risk (HR=0-79, 95% CI 074, 0-82). Figures for
the adjusted competing-risk models, sub-hazard ratios,
were (tomato: HR=0-89, 95% CI 0-83, 0-94; lycopene:
HR=0-82, 95% CI 0-78, 0:86) for individuals with the
highest tomato and lycopene intake.

In model 2 (adjusted for age, gender, race, education,
marital status, poverty to income ratio, total energy intake,
physical activity, smoking, alcohol consumption, BMI,
dietary fat, C-reactive protein, carbohydrates, dietary fibre,
meat, BMI, hypertension and diabetes), we found that
there was no difference between non-obese and obese
(BMI > 30 kg/m?) participants in the case of the association
of both tomato and lycopene with risk of cancer mortality
(Pinteraction > 0-35 for all). Further, no interaction of tomato
and lycopene consumption with risk of cancer mortality in
regard to older (aged >50 years) and younger adults
(Pinteraction > 0-17 for all) was observed.

Discussion

By using data from a nationally representative sample of US
adults, we aimed to evaluate the impact of tomato and lyco-
pene consumption on cancer mortality. In the adjusted
models there was an inverse association of cancer mortality
with both tomato and lycopene intake (i.e. higher intake
of tomato and lycopene was associated with a lower risk
of mortality); this association was robust after further
adjustments for clinical, dietary and anthropometrical con-
founders and remained significant using competing-risk
analyses, where deaths from other causes were positioned
as competitors to cancer mortality.

During the last several decades, studies have high-
lighted the beneficial effects of high dietary tomato and
lycopene intake, being associated with a lower cancer
risk®®. High intake of tomatoes has consistently been
found to be associated with reduced risk of digestive-tract
(especially stomach, colon and rectal) cancers in a case—
control study from Italy, where cases were patients with
histologically confirmed cancers of the oral cavity, phar-
ynx, oesophagus, stomach, colon and rectum, and controls
were patients with unrelated conditions®?. Lycopene is
one of the most potent antioxidants and the most abundant
carotenoid in human plasma, and it is assumed to be one of
the active compounds responsible for the health benefits
of tomato®. An inverse association between lycopene
(intake or serum level) and breast cancer risk has been
reported by some investigators in epidemiological investi-
gations®3%37_ Intake of lycopene was inversely related
to the risk of prostate cancer®33%39_ A risk reduction of almost
35 % was observed for a consumption frequency of ten or
more servings of tomato products per week, and the pro-
tective effects were even stronger for more advanced or
aggressive prostate cancer®3740 Another meta-analysis
and systematic review demonstrated that increased tomato
consumption was inversely associated with prostate
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cancer risk®®. However, these observations were not con-
firmed by other investigators?>'®. In another published
meta-analysis report, which pooled fifteen prospective
cohorts, tomato consumption was not associated with a
reduced risk of prostate cancer'®. Dietary intake of lyco-
pene as well as serum lycopene level showed an inverse
association with the risk of cervical intraepithelial neoplasia
in another study“. Zu et al. pooled the results of 49 898
male health professionals from 1986 to 2010 and found a
positive relationship between dietary lycopene intake
and plasma lycopene level, with a mean plasma lycopene
level of 934-5mol/l in the highest quintile of lycopene
intake (72 1200), and concluded that higher lycopene intake
was inversely associated with total prostate cancer and more
strongly with lethal prostate cancer?. In fact, a higher
lycopene intake was associated with biomarkers in the
cancer indicative of less angiogenic potential, thus probably
reflecting less aggressive potential of the cancer™. In
a cohort study, serum lycopene level was found to be
inversely related to the risk of bladder cancer®. Of note,
Giovannucci®  reviewed seventy-two epidemiological
studies; out of them, several studies have demonstrated an
inverse relationship between intake of tomatoes or plasma
lycopene level and cancer®®. None of the studies analysed
indicated there was an increased risk of cancer®. It appears
that cancer risk is inversely associated with lycopene and
tomato status, which can be improved by dietary sources rich
in lycopene and tomato as well as through supplements®?.

There are several proposed mechanisms for the protec-
tive action of lycopene in cancer prevention. Lycopene
exerts strong antioxidant capacity because it contains
many double-conjugated bonds: eleven conjugated dou-
ble bonds and two unconjugated double bonds, which
explains why lycopene can quench singlet oxygen and
efficiently scavenge free radicals““?. Lycopene is there-
fore a potent antioxidant, estimated to be twice as effec-
tive as P-carotene. Lycopene can potentially eliminate
or neutralize reactive oxygen species, which is important
in cancer chemoprevention since free radicals can facili-
tate carcinogenesis-related processes by means of the
oxidation of cellular biomolecules. In addition, lycopene
may exert its effect though the regulation of the antioxi-
dant response element® and can protect against oxida-
tive stress, reactive oxygen species and other electrophilic
species™). These properties of lycopene potentially
protect macromolecules, such as carbohydrates, proteins,
lipids and DNA, from oxidation and consequential carci-
nogenesis“*¥
between lycopene consumption and the risk of cancer.

suggesting a possible inverse association

But apart from antioxidant capacity, other mechanisms
contribute to cancer prevention, including immune
modulation, hormone and growth factor signalling,
regulatory mechanisms of cell-cycle progression, cell dif-
ferentiation and apoptosis. In fact, the existence of this
variety of mechanisms has led to the proposal that the
initial effect of carotenoids should involve modulation
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of transcription®. Yang et al. reported that lycopene
could suppress the proliferation of androgen-
dependent human prostate tumour cells (LNCaP) through
activation of the PPARy-LXRa—-ABCA1 pathway*”. Elgass
et al. found that lycopene could also inhibit the cell adhe-
sion and migration properties in androgen-independent
prostate cancer cells (PC3 and DU145)“®. In in vivo
studies, dietary tomato and lycopene could have an influ-
ence on androgen signalling- and carcinogenesis-related
gene expression during early prostate carcinogenesis in
transgenic adenocarcinoma of the mouse prostate
(TRAMP) mice?,

Study strengths and limitations

Our study has several strengths and some limitations.
Because of the prospective design, the misclassification
of exposure, which is unavoidable in dietary assessments,
is most likely non-differential. Although we included sev-
eral major potential confounders of lifestyle, clinical and
dietary factors in the multivariable analysis, residual or
unmeasured confounding might still exist. Furthermore,
since this is an observational study, we cannot establish
causality between tomato/lycopene consumption and
our outcomes. In clinical trials, maintaining high adher-
ence to a dietary intervention for a long time is typically
difficult, in part because of dietary changes contradicting
participants’ long-term dietary preferences. Hence, poor
adherence may dilute the true effect of an intervention.
It is also important to bear in mind that the preparation
method is important for determining the association
between tomato (raw or cooked) consumption and risk
of mortality™”. Boiling is assumed to be the healthiest
preparation method. Roasted and fried tomato are
carriers of salt and fats, and acrylamide formation may
be an additional problem in tomatoes cooked at temper-
atures above 120°C®V. However, we did not have infor-
mation on the way of preparation in the current
analysis, and thus prospective studies focusing on this
matter are needed. As the data collection was performed
on all days of the week throughout the year in NHANES,
the potential for day-specific information bias is very
low®25% We have evaluated the dietary lycopene intake,
while plasma level of lycopene may could give us
more valid results; but it has been reported that intake
of lycopene has been associated with higher lycopene
level in plasma, hence dietary also could be good marker
of plasma level of lycopene®®. Finally, we think it is
important for future studies to assess the link of tomato/
lycopene consumption with each cancer type separately;
we did not have information on this, so we could not
perform such an analysis.

The major strength of our study is the large multi-ethnic
US population-based sample of adults, making the results
generalizable to the US population. In addition, there
was standardized assessment of lycopene and tomato
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intake throughout the participating sites. The validity
of the results is bolstered by working on both tomato
and lycopene, as main compound of tomato, which is
another study strength.

The present study has some important clinical and
public health implications. A comprehensive understand-
ing of the impact of diet, here particularly for tomato and
lycopene consumption, and its impact on cancer mortality
is a necessary and important step towards public health
policy making and raising public awareness. Our study
provides a comprehensive snapshot of a protective role
of tomato and lycopene in cancer mortality at the national
level that might be generalizable to the population level. By
support of our results, we would like to encourage people
to promote tomato consumption to achieve protective
levels observed in highest tertile (T3), which seems to be
relatively easy.

Conclusion

In conclusion, taken together, the beneficial results of lyco-
pene and tomato consumption on cancer mortality provide
reasonable and consistent evidence supporting the health
benefits and important role of tomato products and lyco-
pene as part of a healthy diet. These results are important
for policy makers, contributing to increased public aware-
ness about the role of the diet on health and the controversy
regarding lycopene and tomato.
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