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EXPANDED ABSTRACT

Increased plasma concentrations of lycopene, a diet-derived
carotenoid, have been suggested to be associated with a de-
creased risk of chronic diseases, such as cardiovascular disease
(1) and prostate cancer (2). Lycopene accounts for ~50% of
the carotenoids found in human blood. It is believed that the
major dietary sources of lycopene are tomatoes and tomato
products (3,4). However, tomatoes and tomato products vary
in their lycopene bioavailability, depending on whether they
are processed, consumed raw, or cooked (5). Although in
controlled settings, the intake of tomatoes and tomato prod-
ucts has been shown to modulate blood lycopene levels in
cancer patients (6,7) and in healthy volunteers (8—11), epi-
demiological data on the intake of tomatoes and tomato prod-
ucts, estimated from various dietary recall instruments, and
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DHHS; and the Agricultural Research Services (ARS), USDA. Guest editors for the
supplement publication were Cindy D. Davis, NCI, NIH; Johanna Dwyer, ODS,
NIH; and Beverly A. Clevidence, ARS, USDA.

2 To whom correspondence should be addressed. E-mail: nth@iarc.fr.

2032S

correlation with blood lycopene levels are lacking. In epide-
miological observational studies, blood lycopene levels have
been shown to be only weakly correlated with intake of total
fruits and vegetables (12) and tomatoes or tomato products
(13,14). From these studies, only a modest variability of blood
lycopene concentrations can be explained by these dietary
factors, likely because of wide variations in the bioavailability,
metabolism, and excretion of lycopene (5).

In the over 521,000 subjects who volunteered to partic-
ipate to the European Prospective Investigation into Can-
cer and Nutrition (EPIC) study, the consumption of toma-
toes (raw and cooked) and tomato products (sauces, pastes,
ketchup) has been measured with country-specific dietary
questionnaires across 10 countries. Plasma lycopene con-
centrations have been measured in a subgroup of 3089
subjects from 16 EPIC regions (100 men and 100 women
per region). In this communication, these samples are re-
ferred to as the EPIC Cross-Sectional Study. The methods
of the EPIC study and of the plasma lycopene measurements
are detailed elsewhere (15,16). These data were used in the
present study to analyze the among-center and the among-
subject/within-center variations in intake of tomatoes and
tomato products and to calculate correlations with plasma
lycopene concentrations.



TABLE 1

Mean intake of tomatoes and tomato products from country-specific dietary questionnaire data,
in a subsample of men and women enrolled in the EPIC Cross-Sectional Study"
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Dietary variables

All cooked Tomato

Tomato and and ketchup + Plasma

tomato Tomato, Tomato Tomato processed paste + lycopene

EPIC region products Tomato, raw? cooked? sauce? ketchup®®  tomatoes®* sauces?® (wmol/L)

g/d

Denmark 42.86 = 25.63 12.64 = 13.20 13.73 =10.60 1.38 +1.97 — 30.22 =20.17 1.81 £2.06 0.56 + 0.31
France 22.04 =17.00 8.64 =9.17 12.76 = 13.24 — 0.64 +1.03 13.40 +13.25 0.64 =1.03 0.69 =0.33
Germany, east 26.16 = 19.41 19.07 = 18.56 3.75 = 4.48 142 =151 192 +324 7.09 +6.47 3.34 +3.85 0.65+ 0.32
Germany, west 34.48 =21.20 23.75+19.82 7.33 =6.89 294 £273 0.46 =098 10.73 +8.43 3.40 £ 3.00 0.58 +0.29
Greece 163.62 = 83.72 1125 = 77.04 44.05+19.00 6.81 +4.85 0.25+0.30 51.12 +20.69 7.07 =4.93 0.86 = 0.42
Italy, central 85.37 = 54.11 63.99 + 4994 439 +~3.04 17.00 +17.94 — 21.39 = 18.82 17.00 + 17.94 0.97 + 0.37
Italy, north 83.91 = 49.48 63.43 +46.01 393*+296 16.54 = 16.82 — 20.47 =17.39 16.54 =+ 16.82 0.97 = 0.40
Italy, south 48.94 = 32.75 8.65 = 19.81 347 *=3.14 19.25 + 13.44 — 40.28 = 26.81 19.25 =+ 13.44 1.31 = 0.46
Spain, north 69.15 = 66.52 55.64 = 66.61 3.51 = 4.81 8.91 +8.68 0.00+0.00 13,51 +11.65 891 *+868 0.48 = 0.31
Spain, south 97.59 = 67.62 77.67 =64.43 11.73 =9.65 5.03 +6.08 0.01 =0.15 19.92 +14.43 5.04 =6.08 0.70+0.35
Sweden 31.87 = 32.34 2453 +26.86 3.19 = 6.06 459 +1191 0.92 +3.05 7.34 =14.02 577 =12.51 0.50 = 0.29
The Netherlands 15.70 + 12.08 5.87 = 5.85 218 £ 2.46 6.88 = 7.86 — 9.83 + 9.23 7.65 +8.27 0.50 = 0.30
UK, nonvegetarian ~ 42.41 + 27.13 — 0.91 = 1.49 848 +7.85 2.65*+521 4241 +2713 11.13 985 0.75+0.34
UK, vegetarian 54.07 *= 39.95 — 0.77 =121 1049 =10.71 2.06 =4.31 54.07 =39.95 1255+ 12.90 0.93 = 0.41
All EPIC regions 59.83 = 58.83 42.08 = 53.83 8.18 = 12.81 7.91 +11.38 0.89 +2.8 22.69*+24.03 837 1156 0.72 +£0.42

' — indicates missing dietary variable values from country-specific questionnaires. Values are means + SD of intake (g/d). Plasma lycopene values
are presented as umol/L.

2 Subgroup of the main tomato and tomato products variable.

3 Tomato ketchup is a subgroup of the Tomato sauces variable.

4 Sum of tomato cooked, tomato sauces, and tomato paste.

5 Sum of tomato sauces (including tomato ketchup) and tomato paste.

The average intake of tomatoes and various tomato prod-
ucts and plasma lycopene concentrations in men and women
of the EPIC Cross-Sectional Study are shown in Tables 1, 2,
and 3. From the dietary questionnaire data, for men and

women combined, the intake of tomatoes and all tomato
products combined ranged from an average of 15.7 g/d in The
Netherlands to 97.6 g/d in the south of Spain to 163.6 g/d in
Greece (Table 1). The intake of raw tomatoes (lowest: The

TABLE 2

in a subsample of men enrolled in the EPIC Cross-Sectional Study’

Mean intake of tomatoes and tomato products from country-specific dietary questionnaire data,

Dietary variables

All cooked Tomato

Tomato and and ketchup + Plasma

tomato Tomato, Tomato processed paste + lycopene

EPIC region products Tomato, raw cooked Tomato sauce  ketchup tomatoes sauces (wmol/L)

g/d

Denmark 40.98 =20.69 11.95 +11.79 15.01 = 8.78 2.00 = 2.55 — 29.083 = 16.32 253 261 0.59 *=0.34
Germany, east 26.07 =21.76 17.81 +20.22 4.34 =528 149 =148 242 +3.67 825+7.32 3.91 +434 0.59 +0.30
Germany, west 32.83 = 19.00 20.26 +16.25 8.66 = 7.90 3.37 £3.16 055 = 1.14 12,57 =9.40 3.92 +3.46 0.63 = 0.31
Greece 162.58 = 83.43 106.25 = 74.73 48.44 =20.78 759 468 030035 56.32+2212 7.89 =478 0.90=* 0.37
Italy, central 87.66 = 53.54 58.54 + 46.02 4.99 = 329 2413 = 20.34 — 29.12 = 21.05 24.13 =20.34 1.02 = 0.38
Italy, north 97.38 = 52.42 69.38 + 48.65 4.04 =289 23.96 = 19.76 — 28.00 = 20.38 23.96 = 19.76 1.04 = 0.43
Italy, south 50.86 * 31.79 2.15 £ 7.05 2.85+268 19.17 = 10.62 — 48.70 = 30.66 19.17 = 10.62 1.30 + 0.47
Spain, south 106.89 = 73.67 83.50 = 70.96 14.25*+11.56 6.07 =7.05 0.01 =021 23.39 +16.29 6.09 =7.04 0.68 = 0.35
Spain, north 82.69 = 77.34 67497715 4.09 =534 10.16 =8.88 0.00 = 0.00 15.20 + 12.44 10.16 = 8.88 0.53 £ 0.32
Sweden 31.29 = 3440 22.58 +27.51 3.75*=6.90 5.39 + 1368 1.12 394 870+ 15.62 6.84 +14.18 0.52 = 0.32
The Netherlands 15.01 = 11.67 5.55 + 5.77 224 270 6.38 = 7.67 — 9.46 + 9.25 721+813 0.54 £0.34
UK, nonvegetarian  39.35 * 24.24 — 0.93 = 1.52 9.08 =840 3.27 £5.89 39.35 2424 12.35*11.08 0.72 =0.30
UK, vegetarian 51.35 = 37.16 — 0.81 =093 11.28 =10.99 1.96 +4.34 5135+ 37.16 13.24 + 13.04 1.01 + 0.42
All EPIC regions 63.93 = 62.97 43.75+57.26 9.15+14.27 938 =1297 1.05+3.3 2535 *24.72 10.22 +13.17 0.74 £0.42

' — indicates missing dietary variable values from country-specific questionnaires. Values are means = SD of intake (g/d). Plasma lycopene values
are presented as umol/L. For definition of dietary variables, see Table 1.
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TABLE 3

in a subsample of women enrolled in the EPIC Cross-Sectional Study’

Mean intake of tomatoes and tomato products from country-specific dietary questionnaire data,

Dietary variables

All cooked Tomato

Tomato and and ketchup + Plasma

tomato Tomato, Tomato processed paste + lycopene

EPIC region products Tomato, raw cooked Tomato sauce ketchup tomatoes sauces (umol/L)

g/d

Denmark 44.70 = 29.69 13.31 = 14.49 1248 £12.05 0.77 =0.78 — 31.38 =23.37 1.10+0.87 0.52 =0.29
France 22.04 =17.00 8.64 +9.17 12.76 = 13.24 — 0.64 =1.03 13.40 = 1325 0.64 =1.03 0.69 = 0.34
Germany, east 26.26 = 16.98 20.28 = 16.84 3.19 + 3.48 135+155 1.44+269 597 +533 279 +3.26 0.69 +0.33
Germany, west 36.12 = 23.17 27.24 +22.39 5.99 = 5.42 251 +216 0.37 =0.80 8.88 +£6.90 2.88 236 0.54 +£0.25
Greece 164.73 = 84.54 119.2 + 79.36 39.34 = 1567 598 =492 0.21 £0.24 4553 +1751 6.19 496 0.83 +0.46
Italy, central 83.08 = 54.85 69.43 = 53.25 3.78 + 2.67 9.87 = 11.44 — 13.65 +12.17 9.87 + 11.44 0.92 + 0.36
Italy, north 70.57 = 42.61 57.55 *+42.68 3.83 = 3.03 9.20 = 8.35 — 13.03 = 9.01 9.20 =8.35 0.91 £0.36
Italy, south 4717 = 33.68 14.62 = 2521 4.03 +3.43 19.33 = 15.64 — 32.55 =19.92 19.33 = 15.64 1.32 = 0.46
Spain, south 88.48 £59.92 71.96 = 56.92 9.27 + 6.45 401 =476 0.01 £0.07 16.51 =11.39 4.01 £4.77 0.72 +0.34
Spain, north 56.03 = 51.07 44.15 +52.39 2.95 =+ 4.18 7.70 =8.36 0.00 +0.00 11.88 +10.63 7.70+8.36 0.42 +0.29
Sweden 32.48 = 30.16 26.54 =26.10 2.60 = 5.00 3.77 2973 0.71 £1.69 594 +12.02 4.67 =10.44 0.48 = 0.27
The Netherlands 16.37 £ 12.39 6.18 £ 5.95 212 = 2.21 7.36 = 8.05 — 10.19 = 9.24 8.08 =8.42 0.47 £ 0.27
UK, nonvegetarian  45.41 *= 29.51 — 0.89 = 1.47 789 *+726 2.04 439 4541 +2951 993837 0.77 +0.38
UK, vegetarian 56.45 + 42.33 — 0.74 = 1.41 9.80 = 10.48 2.15 +4.30 56.45 = 4233 11.95 +12.82 0.87 = 0.40
All EPIC regions 56.04 + 54.47 40.54 =5043 729 =11.24 6.47 £933 0.74 226 20.24 =23.12 6.67 =952 0.71 =0.41

' — indicates missing dietary variable values from country-specific questionnaires. Values are means + SD of intake (g/d). Plasma lycopene values
are presented as umol/L. For definition of dietary variables, see Table 1.

Netherlands

5.9 g/d; highest: Greece =

112.5 g/d) was

values for all regions combined are shown in Table 5. A wide

generally higher than that of cooked tomatoes (lowest: The
Netherlands = 2.2 g/d; highest: Greece = 44.1 g/d). Average
plasma lycopene measures showed the lowest concentrations
in the north of Spain (0.48 wmol/L) followed by Sweden (0.49
pmol/L) and The Netherlands (0.50 wmol/L), and with the
highest in southern Italy (1.31 wmol/L) (Table 1).

The Pearson correlation coefficients between the plasma
lycopene levels and the level of consumption of tomatoes and
tomato products in men and women in the EPIC Cross-
Sectional Study by EPIC region, adjusted for gender and
season of blood donation, are shown in Table 4, and the same

range of weak to moderate correlations is seen for all tomato
and tomato products across EPIC regions (Table 4). However,
for all EPIC regions combined (Table 5), the correlations were
much stronger for tomato sauces and for the sum of all cooked
and processed tomato intake. Using a model to break down
between- and within-center correlation coefficients (17), the
correlation coefficients at an ecological level (among regions)
were much stronger than those at the individual level (within
regions), particularly for sauces and for the sum of all cooked
and processed tomatoes (Table 5). This is expected given that
these products have been shown to have generally greater

TABLE 4

Pearson correlation coefficients between plasma lycopene levels and level of consumption of tomatoes and tomato products
in men and women enrolled in the EPIC Cross-Sectional Study by EPIC region’

EPIC Region
Germany, Germany, ltaly, Italy, Italy, Spain, Spain, The UK, UK,

Dietary variables ~ Denmark France east west Greece central north south north south Sweden Netherlands nonvegetarian vegetarian
Tomato and

tomato products ~ 0.15 0.06 0.30 0.06 0.11 0.12 021 026 022 024 033 0.42 0.15 0.12
Tomato, raw 0.10 0.07 0.22 —0.03 0.13 0.02 0.07 009 018 020 0.25 0.28 — —
Tomato, cooked 0.14 0.07 0.14 0.22 008 006 0.11 004 -0.07 0.10 0.15 0.35 0.21 0.07
Tomato, sauce 0.37 — 0.16 0.19 0.15 0.18 034 029 017 0.07 0.19 0.35 0.08 0.09
Tomato, ketchup — —0.03 0.25 0.07 0.02 — — — — -—006 0.16 — 0.14 0.20
All cooked and

processed

tomatoes 0.13 0.06 0.25 0.23 0.12 0.16 031 025 0.06 0.11 0.25 0.44 0.15 0.12
Ketchup + paste

+ sauces 0.39 —0.03 0.26 0.18 0.15 0.18 034 029 017 006 0.26 0.39 0.11 0.12

' — indicates missing dietary variable values from country-specific dietary questionnaires. Values are Pearson correlation coefficients, adjusted
by gender and season of blood donation, between log transformed plasma lycopene levels (umol/L) and levels of dietary tomato and tomato product
intake from the EPIC Cross-Sectional Study. For definition of dietary variables, see Table 1.



lycopene bioavailability than raw tomatoes (5,10). The overall
correlation of the total tomatoes and the tomato product
intake with plasma lycopene was 0.33 (Table 5). The within-
region correlation coefficient was 0.23, whereas the among-
region correlation was 0.53. The intraclass correlation coeffi-
cient, highlighting the amount of variation among groups over
total variability, was 0.43.

The modest correlations found between the dietary con-
sumption of tomato and the lycopene concentration in blood
may be because of imprecision of measurements of diet as well
as variations of bioavailability and absorption of lycopene,
depending on the way tomatoes are seasoned or cooked and
their method of consumption (e.g., eaten with added fats,
which may increase lycopene absorption). In addition, these
generally low correlations of tomatoes and tomato products
with plasma lycopene may also be because of the time span
between the exposure and the blood sampling, given the
strong seasonal variations in the intake of tomato and tomato
products.

The Mediterranean diet is rich in tomatoes and tomato
products (18), as evidenced by the observation that the Greek
EPIC cohort has one of the highest intakes of tomato and
tomato products in the EPIC study (Tables 1-3). However, the
correlation of plasma lycopene with the Mediterranean diet
score in the EPIC Cross-Sectional Study was determined to be
weak in most EPIC regions (Table 6). These results from the
EPIC study indicate that in these European populations, mea-
sures of tomato consumption and the Mediterranean diet score
are poor predictors of blood lycopene concentrations at the
individual level.

In studies of the association of lycopene and cancer risk, the
use of tomato consumption data would provide only an im-
precise proxy variable of the lycopene blood levels and would
lead to substantial attenuation of any hypothetical association.
This was the rationale for initiating a study in which 7 ca-
rotenoids, including lycopene, are being measured in subjects
who developed prostate cancer during the follow-up period

TABLE 5

Pearson correlation coefficients between plasma lycopene
levels and level of consumption of tomatoes and tomato
products in men and women enrolled in the EPIC Cross-
Sectional Study, all EPIC regions combined

Pearson correlation coefficients for
plasma lycopene and dietary variables

Ecological Individual
correlation correlation
among within Total
Dietary variables regions’ regions’ correlation
Tomato and tomato
products 0.53 0.23 0.33
Tomato, raw 0.17 0.16 0.16
Tomato, cooked 0.07 0.12 0.09
Tomato, sauce 0.79 0.18 0.37
Tomato, ketchup 0.34 0.10 0.15
All cooked and
processed tomatoes 0.69 0.20 0.37
Ketchup + paste +
sauces 0.67 0.20 0.34

" Among- and within-region correlation coefficients, adjusted by
gender, between biomarker levels, and all dietary variables. For defini-
tion of dietary variables, see Table 1.

2035S

TABLE 6

The Mediterranean diet score and correlations with plasma
lycopene levels in EPIC regions

Mean Mediterranean Correlation with

EPIC region diet score' plasma lycopene?
Denmark 3.53 0.16
France 4.54 0.00
Germany, east 2.90 0.16
Germany, west 3.03 -0.12
Greece 6.18 0.09
ltaly, central 5.43 0.11
Italy, north 5.14 0.12
Italy, south 5.77 0.10
Spain, north 5.32 0.06
Spain, south 5.79 0.08
Sweden 2.76 0.12
The Netherlands 2.73 0.10
UK, nonvegetarians 4.06 0.18
UK, vegetarian 5.99 0.07
All EPIC regions 4.45 0.30

" Ranges from 0 to 9, with higher scores indicating greater adher-
ence to the Mediterranean diet, based on the sum of 0/1 scores given,
depending on intake of 9 specific food groups, based on data from
country-specific dietary questionnaires: Vegetables, legumes, fruits
and nuts, cereals, fish (score O if intake below the gender-specific
median; 1 if above); Meat and poultry, dairy products (score 1 if intake
below the gender-specific median, 0 if above); ethanol (for men, score
1 for intake > 10 g/d; for women, score 1 for intake > 5 g/d); score 0
if monounsaturated/saturated fatty acid intake ratio is less than 1 and
score 1 if ratio is greater than 1.

2 Values are Pearson correlation coefficients adjusted by gender
and season of blood collection.

and in a group of control subjects who remained free of cancer
during the corresponding follow-up time.
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