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Measuring intake of fruit and vegetables

reference period before the onset of
disease. In order to ascertain individ-
ual exposure to fruit and vegetables
and other dietary components, infor-
mation on iniake needs to be obtained.
However, accurately guantifying and
classifying an individual's exposure is
complex; measures that provide an
estimate of usual intake are designed
to minimize the effect of intra~individual
variation.

The guestionnaires used have dif-
fered widely between studies. They
vary in the length of the food list, the
number of questions, the fruits and
vegetables included, how the instru-
ment is structured, what other dietary
information is obtained, the method
used 1o address portion sizes and
guantification of the data. There is no
universally accepted questionnaire,
standard interview, database or calcu-
lation system for use in epidemiologi-
cal studies. Most FFQs or diet history
guestionnaires and interview methods
are study-specific, being tailored to
specific research gquestions and to the
population being studied. Dietary
methods are continually being refined
based on methodological research.
The many resulting variations in meth-
ods can affect estimales of dietary
intake of fruits and vegetables in epi-
demiological studies and their relation
to disease outcome.

Duting surveys with the FFQ and
diet history, individuals provide infor-
mation about intake of specific foods,
food groups, dietary practices and/or
food preparation methods. The infor-
mation may be obtained by interview,
by self~administered guestionnaire or
through a combination of these meth-
ods. The respondent may be the des-
ignated participant or a surrogate
respondent. The data obtained are
then reduced to summary measures
using defined algorithms and food and
nutrient databases.

Diet history

A diet history is information about
usual intake of the individual's whaole
diet, usually obtained by interview
(Burke, 1947). Detailed information is
collected for a specified time period on
the type, amount and frequency of
foods eaten as well as food prepara-
tion practices. Typically a food list is
used. Recipe information may be
obtained, as well as meal-by-meal
information about the time, place and
content of meals. There is often a
crosscheck feaiure to ensure complete
determination of intake and to check
for potential overreporting or double
counting by the participant. Data may
be collected in written form or directly
on a computer using a special program
(McDonald et a/., 1991).

The strength of this method is that
detailed guantified information is col-
lected about usual dietary intake for an
extended period of time. Compared
with data from the recording and recall
Mmethods described later, a diet history
covers a longer period of time and pro-
vides estimates of usual intake. It pro-
vides information on specific fruits and
vegetables and about seasonal intake,
as well as their consumption in mixed
dishes. The method is time-consuming
for the respondent and the investiga-
tors, but may be less conceptually
demanding for respondents than food
records or FFQs.

Food frequency questionnaire

Food frequency questionnaires (FFQs)
have been the most commonly used
method to assess dietary exposure in
cohort and case—control studies.
Respondents are asked fo report their
usual daily, weekly or monthly fre-
quency of consumption of each item
on a list of specific foods over a recent
period of about a year. FFQs were
developed during the 1950s and
1960s as the most cost-effective
method for large epidemiological stud-
ies. Initial versions of the FFQ were

designed only to rank individuals
according to their relative level of
dietary consumption expressed in
guantiles, and only the frequency of
food consumption was requested of
the study subjects. Such guestion-
naires are reported as non-guantitative
FFQs. During the 1980s and 1990s,
variants of the FFQ were developed to
allow its use in different study contexis
and populations and to improve the
gstimation of individual absolute
intake. Different questionnaire designs
including standard or individual portion
size estimates for all or selected items
of the food list can lead to inconsistent
reporting. These questionnairgs may
be described as "semi-guantitative" or
"guantitative” FFQs (or dietary gues-
tionnaires). Over the last 20 years,
there has been a clear methodologicat
shift in epidemiological research from
basic FFQs to more guantitative ques-
tionnaires, including the so-called
dietary history questionnaires (see
above).

The FFQ is usually self-adminis-
tered in cohort studies. Respondents
may receive the guestionnaire along
with any associated instructions and
visual aids by mail and are asked to
complete it at home and return it by
mail. They may also complete the
guestionnaire at a research study cen-
tre; in this case verbal instructions can
be provided and the questionnaire may
be reviewed and clarified before the
participant leaves the centre. In
case—control studies, an FFQ may be
administered by interviewers.

A core feature of the FFQ is usually
a closed list of foods. The length of the
list varies considerably between
studies. The items included on the list
depend on the nature of the investiga-
tion (particular foods and nutrients may
be of interest); it must be borne in mind
that a very detailed questionnaire
places a heavy demand on the respon-
dents. In cancer epidemiology, there
are hypotheses about the effects of
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Approaches to evaluating impact

of dietary assessment error

To correct for attenuation bias in mea-
sures of diet—disease associations, the
correlation coefficient py, can be esti-
mated in validation studies and, using
either equation [1] or {2], corrected rel-
ative risk estimates can be obtained
from initial, ‘crude’ estimates based on
questionnaire assessments (de Klerk
et al., 1989; Rosner ef al., 1989; Kaaks
et al, 1995). Especially within pros-
pective cohort studies, validation stud-
ies have been increasingly included as
a standard part of the overall design
(Willett et al., 1985; Colditz ef al., 1986;
Goldbohm et al, 1994, Margetis &
Pietinen, 1997; Stram ef al, 2000;
Hankin et al, 2001; Slimani et af.,
2002). Validity is estimated for mea-
surements obtained by a given ques-
tionnaire within a specific study con-
text, rather than for the method itself,
which may not perform the same way
in other contexts. It is crucial that valid-
ity studies be conducted in a represen-
tative subsample of the main study
population.

Most validation studies have been
based on a comparison with repeated
daily intake methods for a number of
days. The correlation pyr can then be
estimated by

1. calculation of a crude correlation
coefficient pg between question-
naire measurements and individu-
als’ average intake estimates from
several days of food consumption
records;

2. estimation of the residual eror
variance in the reference measure-
ments (average food consumption
records) themselves, and calcula-
tion of an attenuation coefficient by
which the estimate p, would need
to be corrected, to yield a more
unbiased estimate of pyr (Rosner
& Witlett, 1988).

The second step of this estimation
procedure should correct for residual
random error in the reference mea-
surements. In the early 1990s, this
approach of estimating pg,. was
extended, using models in which sub-
jects’ true dietary intake levels are con-
sidered a ‘latent variable’ (Plummer &
Clayton 1993a, b; Kaaks ef ai., 1994a).

The most important assumption
that underlies any type of validity study
is that different types of measurement
being compared — from question-
naires, recording methods or biomark-
ers — will be correlated exclusively
because they all measure the same
underlying latent variable (true intake).
This means that random errors must
be uncorrelated between the different
types of measurement compared
{(Plummer & Clayton 1993a, b; Kaaks
et al, 1994a, 2002). Unfortunately,
there is increasing evidence that
generally errors may not be entirely
independent between questionnaire
assessments of habitual dietary intake
and measurements obtained by a
recording method, assessing actual
food consumption on a number of
days. In particular, it has been shown
that individuals vary systematically in
their tendency to over- or underreport
dietary intakes, not only when using
the same measurement method, but
even when different questionnaire
and/or recording methods are used
(Livingstone et al., 1990; Black & Cole,
2001; Livingstone & Black, 2003).
Thus, errors that are random between
individuals may be partially systematic
within  subjects  ("subject-specific
biases") and this will result in positive
correlations between random errors in
different intake measurements from
the same individual. A positive correla-
tion between random errors of ques-
tionnaire measurements and the refer-
ence measurements used tends to

cause overestimation of par. On the
other hand, a positive correlation
between random errors of replicate
dietary intake records, as the refer-
ence, can lead to incomplete adjust-
ment for attenuation bias in estimates
of pgr- In practice, it is difficult to pre-
dict the balance between the two pos-
sible and opposite biases in estimating
Par (Kipnis et al, 2001; Kaaks et al.,
2002). This problem of correlated mea-
surement errors can only be partially, if
at all, overcome by the use of available
biomarkers, depending on the type of
nuirient of food group considered
(Plummer & Clayton, 1993a,b; Kaaks
et al., 1994a, 2002; Kipnis et al., 2001).

Estimated validity of measured
fruit and vegetable consumption
Table 8 shows the estimated correla-
tion por for total fruit and total
vegetable intake, from a number of
validity studies. Correlation coefficients
were within a range of about 0.30 to
0.76, and were generally estimated
with rather wide confidence intervals,
due to the limited size of studies (gen-
erally 50-150 subjects). From equa-
tion [2], it can be estimated that, with a
correlation of pgr = 0.30 and a true rel-
ative risk of 3.0 between highest and
lowest exposure categories (e.g., quin-
tiles of the intake distribution), the
observed relative risk would be as low
as 1.10. For a correlation of pyr = 0.7,
the estimated relative risk would be
less attenuated but still only 1.7. Thus,
as illustrated by this numerical exam-
ple, there will generally be consider-
able attenuation bias in relative risk
estimates for quantile categories of
intake and this may lead to substantial
loss of statistical power to detect a real
association.
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only very slightly from the unadjusted
values. For both sexes, the highest
overall consumption of fruit and
vegetables was seen in Spain (721 g/d
for men in Murcia) and ltaly, while the
lowest consumption was found in
Sweden (225 g/d for men in Umea},
followed by the Netherlands, Norway,
the United Kingdem and Denmark.
Where the information is available,
women seem to consume similar
amounts of fruit and vegeiables to
men, except in Greece, ltaly and
Spain, where men have appreciably
higher consumption.

Besides the nofable variations in
fotal intake between countries, there
are alsc wide variations within coun-
tries, particularly in those countries
where consumption is highest (ltaly,
Spain). The intake of fruit generally
represents about half the total intake,
but rises to two thirds in countries
where the total intake is high. Thus, the
lowest consumption of fruit was
recorded in Sweden (122-159 g/d}
and the highest in Spain (454 g/d) and
ltaly (448 g/d). The data from this study
indicate that the countries with the
highest total intake have the largest
within-country variation and the high-
est consumption of fruit. Similar high
variability is shared by other studies,
and is reflected in the large difference
between the intake of individual con-
sumers and the mean intake of the
entire group.

The European DAFNE project,
designed o harmonize the data of the
househeld budget surveys of diverse
countries, produced comparable data
for ten European countries: Belgium,
Germany, Greece, Hungary, Ireland,
Luxembourg, Norway, Poland, Spain
and the United Kingdom. All surveys
were conducted between 1987 and
1995 (Naska et al., 2000). Despite lim-
itations inherent to the nature of the
data (level of aggregation of the data,
household level of the information,
foods being reported as crude values

40

rather than as edible portion, possible
stores present in the househeld, data
representing availability rather con-
sumption), the harmonized household
budget surveys permit cross-country
comparisons. Frult and vegetable
availability ranged from 217 gfd in
Ireland, almost equally divided
between the two categories, to the val-
ues recorded in Spain (463 g/d) and in
Greece (613 g/d), which include higher
proportions of fruit. As data for eastern
Europe are scarce, it is interesting to
note the values recorded in Poland
(302 g/d in 1988) and Hungary (354
g/d in 1991), the difference being
mainly a result of higher availability of
fruit in Hungary than in Pcland. The
highest availability of fruit is again
recorded in Greece (346 g/d) and
Spain (283 g/d). Data from Greece for
1988 and 1994 show an unexpected
decline in availability of both fruit and
vegetables, which dropped from 613
g/d in 1988 to 496 g/d in 1924. On the
whole, the ranking of the DAFNE data
on the basis of fruit and vegetable
availability is in good agreement with
the results of national surveys (Figure
1) and the EPIC (Figure 3) and
SENECA studies on food consump-
tion, with Ireland and the United
Kingdom at the lower end and Greece
and Spain at the higher end.

Developing countries

For a small number of develeping
countries, information on fruit and
vegetable consumption was retrieved
from the Nutrition Country Profiles
series (FAQ NCPs}. Data for Iran, Maii,
Morocco, Pakistan, Sri Lanka, Turkey,
Venezuela and Viet Nam are shown in
Figure 4. The data available do not
separate fruit and vegetable consump-
tion. While the quality of the data may
be questionable, the picture that
emerges is one of great disparity
between countries. Asian countries
(Pakistan, Sri Lanka, Viet Nam), Mali
and Venezuela are at the lower end of

the spectrum, with intakes below 200
g/d. At the higher end of the spectrum,
the Middle Eastern and North African
countries (Morocco, Turkey and Iran)
have intakes of over 350 g/d.

Availability and time trends in
large regions

The food balance sheets of the FAO
{FAOSTAT, 2000), collected with a uni-
fied and unchanging technigue since
1961, offer a unique opportunity to
examine time trends worldwide. The
data are more correctly referred to as
disappearance or availability figures,
and thus are not directly comparable
with the data obtained frem dietary
surveys. An additional difference is that
bananas are included in the fruit cate-
gory.

Figures 5 and 6 provide an
overview of the availability of fruit and
vegetables in major regions of the
world and of changes over the last 40
years. A six-fold difference in fruit and
vegetable availability is apparent
across the world (Figure 5). The four
regions in sub-Saharan Africa have the
lowest levels overall, with countries in
eastern Africa having less than 100
o/d. Western Europe, the Asian Near
East and North America at the upper
end have over 600 g/d.

In most developing regions, the
availability of vegetables is higher than
that of fruit, except in those regions
where bananas represent a large per-
centage of the fruit (central Africa,
Latin America and the Caribbean). In
contrast, in the developed regions
where the total availability of fruit and
vegetables is highest (western Europe
and North America), there is similar
availability of fruit and of vegetables.
Eastern European countries have very
low intake of fruit compared with that of
vegetables and compared with
western Europe. )

Different trends over time are
cbserved between regions. In eastern
and central Africa, availability of both































































Cancer-preventive effecis

uncertain (Kipnis et al, 1897), and
there is renewed debate about energy
adjustment (Block, 2001; Day ef al,
2001; Day, 2002; Willett, 20014, b, ¢).
There is some doubt as to whether
energy adjustment is required for
assessment of fruit and vegetable
intake. Fruits and vegetables are
sources of non-fat energy. It has been
suggested that adjustment for body
weight may be a better approach to
adjust for the overall effects of energy
(Day & Ferrari, 2002).

Low intake or missing values
Treatment of data from subjects
reporting very low total intake or with a
high proportion of missing values can
iead to (a) selection bias from exclud-
ing such subjects or (b) misclassifica-
tion introduced by imputation of values
to avoid this (Vach & Blettner, 1991;
Greenland & Finkle, 1995; Demissie et
al, 2003; Lyles & Allen, 2003). It is
important to consider what method has
been used, and whether the investiga-
tors reported any impact on the study
results from different methods of deal-
ing with this problem.

Study context

Heterogeneity between studies could
arise from differences in many aspects
of study context, including the types of
fruit and vegetables available for con-
sumption, their growing conditions,
typical methods of preparation (stor-
age, cooking), variability of exposure in
the study population and of genetic
background.

In cohort studies, few participanis
consume more than 4-5 servings of
vegetables (or fruits) per day. This sim-
ply reflects the ranges of fruit and veg-
etable intake common in the USA and
Europe, where these siudies were
conducted. The cohort studies to date
could not evaluate whether substantial
cancer protection is associated with
higher levels of intake.

Integration of evidence

In reviewing the evidence in the rest of
this chapter, the Working Group used
inclusion criteria. Case reports were
not considered, and ecological studies
were not used in the evaluation.
Cohort and case—control studies were
always considered unless in the judge-
ment of the Working Group they were
inadequate in conception, design,
conduct or analysis.

There have been several instances
of sequential or multiple publications of
analyses of the same or overlapping
data-sets. When the reports clearly
related to the same or overtapping
data-sets, only data from the largest or
most recent publication were included.

Meta-analyses and pooled analy-
ses that were available are described
at the end of the relevant section.

The data considered are presenied
in detail in the tables. In general, the
tables include only data for total fruit,
total vegetables, and total fruit and
vegetables combined, untess for a
specific study, the subgroups for which
data were presented appeared to com-
prise a substantial proportion of fruit or
vegetable intake, e.g. fresh fruits for
fruits, or raw and cooked vegetables
for vegetables. However, the data on
sub-groups do not contribute to the
evaluations, and no data are pre-
sented on cruciferous vegetables, as
they will be the subject of a future eval-
uation. The odds ratios (ORs) or
relative risks (RRs) presented are
always those reported relating the
highest quantile of consumption (of
total fruit or total vegetables) to the
lowest. Confidence intervals for these
ORs are included when reported by
the authors. When the authors
reported ORs for the lowest to the
highest consumption, the Working
Group computed the inverse, and the
result of these computations (and of
the inverse of the confidence intervals
if available) appears in square brackets
in the tabies.

The data used in the evaluations
also appear as plots (Figures 16-51).
Only those studies on total fruit or veg-
etables which reported confidence
intervals and adjusted for the main
confounders for the relevant sites are
included in the plots. Meta-analyses
and pooled analyses reported in the
tables or discussed in the text have not
been included in the plots. An estimate
of the overall effect across all the
evaluable studies, calculated as
explained below, is presented, taking
the size of the study (as reflected in the
confidence interval) into account when
weighting the individual study findings.
The result of applying a test for hetero-
geneity is given with each plot. The
reader is cautioned that these sum-
mary estimates do not constitute the
result of a formal meta-analysis, and
they should not be interpreted as such.

The summary estimates in the
plots were calculated as follows. Using
the log of the relative risks for the high-
est versus lowest exposure categories
in the individual studies, designated as
$, the pooled estimate (summary
value, E,p) was obtained, separately for
cohort and case—control studies, as

B, = [Z; Bvar(B)V[Z, 1/var(p;)]
with estimated standard error
SE(]SP) =[Z 1/\;rar([5‘.)]-”2

The 2 for
calculated as

heterogeneity was

X2 = 21 (ﬁ, - ﬁp)zlvar([s‘.)

with (N~1) degrees of freedom, where
N is the total number of studies.

The analyses and generation of the
plots were performed using the R soft-
ware (lhaka & Gentleman, 1996).
Individual studies are presented in the
plot in chronological order, with the
‘box size’ proportional to the inverse of
their variance.
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Cancer-preventive effects

No. of
Cohort studies categ. OR 85% CI
Chyou et al,, 1990 4 0.8 0.4-1.3
Nomura et al,, 1990 3 08 0.5-1.3
Kneller ef al., 1991 4 1.5 0.75-2.93
Kato et al., 1992 3 1.92 1.03-3.59 2
Guo ef al, 1994 2 0.9 0.8-1.1
Inoue et al., 1996 3 3.55 0.22-1.35
Botterweck et al, 1998 5 0.97 0.64-1.48
Galanis et al., 1998 2 0.6 0.4-0.9 Mgm_é_
Kobayashi et al., 2002 4 0.70 0.48-1.01 —IE—
Sauvaget et al,, 2003 3 0.80 0.65-0.98 _-_
SUMMARY VALUE 0.85 0.77-0.95 <‘i>
Hetgrogeneity test: ¥? (9df=15; p=0.083 5
| | ' | J
0.25 0.5 1 2 4
Odds ratic

Figure 20 Cohort studies of stomach cancer and fruit consumption (see Table 22)

The resuits of the cohort studies
are not consistent. Besides differences
in population and the types of fruit and
vegetables consumed, other faciors
that couid explain the heterogeneity
are the quality of design, food intake
assessment, uncentrolled confounding
and effect modification. In most cohort
studies, there were inverse associa-
tions, but these were statistically signif-
icant in only two studies for fruit and
one for vegetables. In two cohort
studies, a positive association was
reported between fruit intake and
stomach cancer risk, one in a high-risk
male American population and the

second in Japanese. However, the
numbers of cases in both studies were
low. In all except two of the cohort stud-
ies, the dietary questionnaire was not
validated and the numbers of total
items in the questionnaire were low.
Stomach cancer is a disease of
complex etiology involving multiple risk
factors including dietary, infectious,
occupational, genetic and preneoplas-
tic factors. It is possible that unmea-
sured or unidentified risk factors may
have affected some study results.
While all the studies adjusted for sex
and age, adjustment for Helicobacter
pylori infection was rarely possible.

Only three cohort studies adjusted for
history of stomach disease and family
history of stomach cancer. Two studies
did not adjust for tobacco or alcehol
intake and one of these reported a sig-
nificant risk increase asscciated with
high intake of fruit.

The relationship between stomach
cancer risk and diet has been exten-
sively investigated in case—control
studies, mainty in European and Asian
populations. The case~control studies
showed more consistent and stronger
effects of fruit and vegetables on
stomach cancer risk than the cohort
studies. Most of the case—control
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Cancer-praventive effects

and with rectal cancer {Terry et al,
2001a), in another with colon cancer in
females (Shibata et al., 1992).

Case~control studies

Five case—control studies of colorectal
cancer have evaluated total fruit and
vegetable consumption (Table 33).
One found a significant inverse associ-
ation for females (Shannon et al,
1996) and another far both sexes com-
bined (Deneo-Pellegrini et al., 2002).

Adenomatous polyps

Fruit

Cohort study. One cohort study has
reported upon fruit consumption and
the detection of polyps on endoscopy
(Table 34). A significant inverse assaci-
ation was reported.

Case—control studies. Six case—control
studies have considered adenomatous
polyps (Table 35); three reported
inverse associations with fruit intake. In
one small study, there was a significant
positive association with hospital can-
trols, but not with population controls
(Almendingen et al, 2001). [The
Working Group was uncertain that the
controls in this study were comparable
to the cases, in view of the disparity
between numbers of cases and con-
trols and the much smaller number of
controis.]

Vegetables

Cohort study. One cohort study
reported no association between veg-
etable consumption and the detection
of polyps on endoscopy (Table 36).

Case—controf studies. Six case—control
studies of adenomas have evaluated
vegetable consumption (Table 37).
There were inverse associations in
males in one (Smith-Warner et al.,
2002b) and in females in another
(Sandler et al., 1993), but no clear
association was noted in other studies
that evaluated risk  in both

genders together. In a small study,
there was a suggestion of an inverse
association in comparison with hospi-
tal conirols, but not with healthy
controls (Almendingen et al., 2001).

Combined fruit and vegeiables
Randomized trial. The Polyp Prevention
Trial (PPT) was a randomized interven-
tion siudy of the effect of a low-fat,
high-fibre, high-fruit and vegetable diet
on the recurrence of colorectal adeno-
matous polyps in individuals older than
35 years (Schatzkin et al, 2000).
Intervention participants increased
their intake of fruit and vegetables from
2.05 to 3.41 servings per 1000 kcal
energy intake; control participants
increased only from 2.00 to 2.23
servings per 1000 kcal. Intervention
participants, compared with controls,
lowered their fat intake by
approximately one third and increased
total fibre intake by about 75%. The
primary trial result, however, was nult:
adenoma recurrence rates were
virtually identical in the intervention
and control groups over a four-year
follow-up period (RR = 1.00; 0.90—
1.12).

Cohort study. No cohort study has
reported upon combined fruit and veg-
etable consumption and adenomas.

Case—controf studies. One case—control
study of adenomas reported non-sig-
nificant inverse associations (Table
38).

Discussion

Coiorectal cancer

The evidence for an inverse associa-
tion between fruit intake and colorectal
cancer is weaker in the cohort studies
than in the case—control studies. The
small reduction in risk observed in
cohort studies is restricted to women.
Over the 11 evaluable cohort studies,
the mean RR was 1.00 (95% CI
0.96-1.05), range 0.50-1.60 (Figure

24) and for the nine evaluable
case—control studies, the mean OR
was 0.87 (25% Cl 0.78-0.97), range
0.30-1.74 (Figure 25). A meta-analysis
(Riboli & Narat, 2003) has shown a
small statistically significant reduction
in risk (per 100 gram increase in daily
consumption) for the case—control
studies (0.93; 95% Cl 0.87-0.99) and
a small non-significant reduction for

cohort studies (0.96; 95% Ci
0.90-1.01).
Similarly, the evidence for an

inverse association between veg-
etable consumption and colorectal
cancer is considerably weaker in the
cohort studies than in the case—con-
trol studies. The mean RR for the 10
evaluable cohort studies was 0.9
(95% CI 0.85-1.05), range 0.72-1.78
(Figure 26) and for the 13 evaluable
case— control studies the mean OR
was 0.63 (95% Cl 0.56-0.70), range
0.18-1.29 (Figure 27). The meta-
analysis showed a substantial reduc-
tion in risk {per 100 grams) for the
case—control studies (0.87; 95% Cl
0.80-0.95) but only a small non-signif-
icant reduction in risk (0.96; 95% Cli
0.90-1.05) for the cohort studies
(Riboli & Norat, 2003). [If the relation-
ship between vegetable consumption
and colorectal cancer were iinear, the
OR of 0.87 per 100 grams of vege-
{able intake would franslate into a risk
reduction of approximately 40% for
five servings versus one serving of
vegetables daily.]

Adenomatous polyps
Adenomatous polyps are considered
necessary precursor lesions for most
large-bowel malignancies (Schatzkin
et al, 1994). Both observational and
experimental studies of adenomas can
thus be informative with respect to eti-
ological factors operating in the earlier
stages of colorectal carcinogenesis.
The one randomized intervention
frial showed no apparent protective
effect from an intervention for adeno-
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1
No. of ;
Cohort studies caleg. OR 85% ClI :
Shibata et al,, 1992 (M) 3 139  0.84-2.30 . =
Shibata et al,, 1992 (F) 3 072 0.45-1.16 = ;
Steinmetz ef al., 1994 4 073 0.47-1.13 - ;
1
Kato ef al., 1997 4 163  0.92-2.89 ; -
Hsing et al., 1998a (CR) 4 1.3 0.8-2.4 ! =
Pistinen et al., 1999 4 12 0819 Loy
Michels et al., 2000 {C) 5 1.00 0.72-1.38 +
Michels et al.,, 2000 (R) 5 117  063-2.18 »
Voorrips et al., 2000a (M,C) 5 0.85 0.57-1.27 -
1
Voorrips et al.,, 2000a (M,R) 5 0.88 0.55-1.4t% .:
Voorrips et al., 2000a (F,C) 5 0.83 0.54-1.26 o
Voorrips ef af.,, 2000a (FR) 5 1.78 0.94-3.38 ; 8
Terry ef al, 2001a (CR) 4 0.84 0.65-1.09 —
Flood et al., 2002 5 095 071-1.26 —-———
McCullough ef al, 2003 (M, C) 5 069 0.47-1.02 a ;
McCullough et af., 2008 (F. C) 5 091 0.56-1.48 =
SUMMARY VALUE 097  0.87-1.08 <
1
|
Heterogeneity test: 2 (15df)=13; p=0.21 i
1
I |
0.5 1 2
QOdds ratio
Figure 26 Cohort studies of colorectal cancer and vegetable consumption (see Table 30)
M = males; F = females; CR = colorectal; C = colon; R = rectal
Because the risk reductions for fruit ~ Liver Frequently, therefore, the dietary
and vegetables are so modest, it is vir-  Fruit instrument used was not very detailed.
tually impossible to rule out confound-  Cohort study None of three studies of hepatocellular

ing by unknown or unmeasured
lifestyte and other factors associated
with fruit and vegetable consumption
as an explanation for the observed
associations.

One study of liver cancer showed no
effect of fruit intake {Table 39).

Case-control studies

Many of the case-control studies of
liver cancer were conducted with
principal objectives other than consid-
eration of fruit and wvegetables.

carcinoma found a significant inverse
association with fruit consumption
(Table 40). Hadziyannis et al (1985)
reported that "for fruits ... the associa-
tion was essentially null*. In the study
of Parkin et al (1991) related to
cholangiocarcinoma, the significant
association for fresh fruit was from a
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Cohort studies

Fraser et al., 1991

Chow ef al., 1992
Shibata et af, 1992 (M)
Shibata et al,, 1992 (F}
Steinmetz ef al,, 1993
Ocke et al, 1997a
Breslow ef al.,, 2000
Feskanich et al,, 2000 (M}
Feskanich ef al., 2000 (F)
Voorrips et al,, 2000b
Jansen et al,, 2001

Holick et al., 2002
Sauvaget et al.,, 2003
Miller et al., 2003
Neuhouser ef al., 2003 (1)
Neuhouser ef af., 2003 {P)
SUMMARY VALUES

Heterogeneity test: x? (15df)=22; p=0.096

No. of i
categ. OR 95% Ci l
3 026 0.10-0.70 |
4 07  04-13 e
3 0.99  0.59-1.66 e
3 0.68 0.37-1.24 e
4 075 0.44-1.23 ——
2 040 0.18-0.87 :
4 09 0516 —
5 122 0.80-1.87 —
5 0.76  0.56-1.02 — &
5 08  0.6-1.1 — 8
3 0.69  0.46-1.02 e —
5 087  0.74-1.02 -
3 0.80  0.65-0.98 ——
5 0.60 0.46-0.78 —8—
5 079 0.57-1.11 —8—r
5 056  0.39-0.81 —
077 0.71-0.84 <
| | " T
0.1 0.25 0.5 1 2
Cdds ratic

Figure 32 Cohort studies of lung cancer and fruit consumption {see Table 55)
M = males; F = females; | = intervention arm; P = placebo arm

In a meta-analysis of 10 case—con-
trol and two cohort studies including
9429 cases (Gandini ef al, 2000),
there was no association of breast
cancer risk with fruit consumption
when comparing high and low fruit
intake (Table 61). However, when the
analysis was restricted to the 11 stud-
ies for which dose-response informa-
tion could be obtained, there was a
17% reduction in the risk of breast can-
cer for comparisons of six portions of
fruit versus one per week (RR = 0.83,
95% Cl 0.79-0.87). In this meta-analy-
sis, for both comparisons, there was
statistically significant between-study
heterogeneity in the summary estimate
{p < 0.001). This heterogeneity could
have arisen because study-specific

estimates were combined for total fruit,
citrus fruit, other fruit and fruit rich in
B-carotene for different comparison
categories from studies using different
study designs. In contrast, a more
recent meta-analysis of eight case-
control and ten cohort studies found no
statistically significant association with
fruit intake among cohort studies or
case-control studies when considered
separately or when combined (Riboli &
Norat, 2003). However, there was sig-
nificant heterogeneity across studies
when the case—control studies were
considered separately. Studies inclu-
ded in this meta-analysis were limited
io those that considered total fruit, all
fruit, fruit or fresh fruit and the study-
specific  relative risks were re-

expressed based on an increase of
100 g per day of fruit consumption.

In a pooled analysis of the primary
data from eight cohort studies (some of
which were discussed above) using
standardized criteria (Table 61), fruit
consumption was not associated with
breast cancer risk overall {n = 7377
cases) or when stratified by meno-
pausal status (Smith-Warner et al., 2001).

Case—control studies

An inverse association with fruit con-
sumption seen in about half of the 20
case—control studies was statistically
significant in five (Table 62). The
strongest association was observed in
a small case—control study in Spain
{Landa et al, 1994). In other case—
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In situ cervical cancer

The association of fruit and vegetable
intake with risk of in situ cervical can-
cer has been examined in only one
case—control study (Table 71); there
was an inverse association with fruit
intake but not with vegetables.

Cervical dysplasia

One case—control study examining risk
for cervical dysplasia in relation to
intake of fruit and vegetables has been
reported (Table 72). Cervicai dysplasia
is difficult to study because of prob-
lems with case ascertainment. In this
study, there is some concern about the
comparability of the study base for the
cases and controls. Fruit intake
appeared to be associated with
reduced risk. There was no analysis of
iotal vegetable intake.

Discussion

In all, nine case—control studies have
addressed associations between fruit
and vegetable intake and either inva-
sive cancer or precancerous lesions of
the cervix. The findings are not
completely consistent and there is little
evidence for a strong effect of intake of
these foods on risk.

In considering these findings,
several limitations need to be kept in
mind. The lack of evidence from cohort
studies makes it hard to evaluate the
effect of recall and selection bias on
the results. Further, there are concerns
with measurement error. As in all
observational studies, confounding is
possible. Of particular concern for
cervical cancer is the role of diet in a
pathway that includes human papillo-
mavirus (HPV). If fruit and vegetable
intake is important in a causal pathway
that includes HPV, it would be impor-
tant to determine the HPV status of
controls.  Alternatively, HPV may
operate as a confounder if both diet
and HPV status are related to social
status. However, in a study conducted
in India where HPV was measured in

22

both cases and controls, there was
little difference between the OR
measured for the full control group and
that for the group of controls who were
HPV-positive (Rajkumar et al., 2003a).

Endometrium

Fruit

Cohort studies

No studies were identified by the
Working Group.

Case—control studies

Eleven studies have examined the
association between intake of fruit and
risk of endometrial cancer (Table 73).
In many of these, ORs were close fo
one and confidence intervals included
the null. For the four studies where
there was a significant inverse
association, ORs were in the range
0.45-0.7.

Vegetables

Cohort studies

No studies were identified by the
Working Group.

Case—control studies
Of 11 case—control siudies that
evaluated intake of vegetables,

inverse associations were reported in
eight, six being statistically significant
(Table 74). In one study in Japan, a
significant increase in risk was
associated with consumption of raw
but not green vegetables (Hirose et al,
1996).

Combined fruit and vegetables
Cohort studies

In one cohort study, an inverse associ-
ation between risk of endometrium
cancer and combined fruit and veg-
etable intake was reported, but the
confidence interval was wide and
included the null (Table 75).

Case~control studies
In all three studies, total intake of fruit
and vegetables was inversely associ-

ated with risk of endometrium cancer;
in one the trend was significant (Table
76).

Discussion

Fruit consumption was evaluable in
seven case—control studies, resulting
in a mean OR of 1.03 (95% ClI
0.90-1.17), range 0.67-1.97 (Figure
40). For the five evaluable studies on
vegetable consumption, the mean OR
was 0.75 (95% Cl 0.64-0.89), range
0.65-1.00 (Figure 41). It is difficult to
make comparisons among these stud-
ies because of differences in the com-
position of the diet in different regions
and because of  considerable
differences in dietary assessment
There appears to be inconsistent evi-
dence of an inverse association with
these foods.

An important confounder to con-
sider in the study of endometrial can-
cer is body mass index; most but not
all of the studies included control for
this.

Overall these results provide weak
evidence at best for an effect of fruit
and vegetable intake on tisk of
endometrial cancer.

Ovary

Fruit

Cohort studies

Neither of two cohort studies of fruit
intake and ovary cancer risk found an
association (Table 77). '

Case—control studies

Among four case—control -studies of
total fruit intake in relation to risk of
ovary cancer (Table 78), one found a
significant inverse association, but in
another fruit intake was positively
associated with risk.

Vegetables

Cohort studies

In the two available studies, the asso-
ciation of vegetable intake with risk
was inverse, but for both, the confi-
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io. of
Case—control studies categ. OR 95% ClI
Potischman et al., 1993 4 11 0.6-1.9 l
Hirose et af., 1996 2 197 1.37-2.82 ! — B
Tzonou et &/., 1996b 4 096 0.76-1.21 ——
Jain et af,, 2000 4 129 088-1.89 ———
McCann el al., 2000 4 cg 0.5-1.7 &
Littmann et al., 2001 5 0.67 0.47-0.95 —&—
Terry ef al., 2002 4 09  07-12 ——
SUMMARY VALUE 103  0.90-1.17 <=
Heterogeneity test: ¥? (6df)=21; p=0.0018
| ' |
0.5 1 2
Odds ratio
Figure 40 Case—contral studies of endometrium cancer and fruit consumption (see Table 73)
No. of '
Case-control studies categ. OR 95% Cl
Potischman et al,, 1993 4 10 0616 —a
Tzonou et al., 1996b 4 .85 ¢.66-1.11 —.'W
Jain et al, 2000 4 0.65  0.44-0.96 ——
McCann et al,, 2000 4 05  0.3-09 -
Littmann et af., 2001 5 069 0.48-1.0 E
SUMMARY VALUE 0.75  0.64-0.89 <>
Heterogeneity test: y2 (4df)=5; p=0.29 !
: ‘
0.5 1
Odds ratio

Figure 41 Case-control studies of endometrium cancer and vegetable consumption (see Table 74)
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No. of ;
Caohort studies categ. OR 95% Cl ;
Mills et al., 1989 3 1.07  0.72-1.58 ——
Severson et al., 1989 3 157  0.95-2.61 : -
Hsing et af, 1990 4 0.9 0.6-1.4 —
Shibata et al., 1992 3 1.04 0.74-1.46 ——
Giovannucci ef af., 1995 * 0.84 0.59-1.84 »
Schuurman ef al,, 1998 5 131 0.96-1.79 —
Chan ef al,, 2000 5 1.3 0.8-2.2 —
Key ef al, 2003 5 106  0.84-1.34 —l-
SUMMARY VALUE 111 0.98-1.26 >
Heterogeneity test: 2 (7df)=5.5; p=0.6
T ‘ T
0.5 1 2
Odds ratio
Figure 42 Cohort studies of prostate cancer and fruit consumption (see Table 83)
*Not applicable
No. of

Case—control studies categ. OR 95% ClI

Negri et af., 1991 3 0.4 0.3-0.8 -

De Stefani et al., 1995 3 1.7 1.1-2.8

Deneo-Pellegrini ef al., 1999 4 0.8 0.4-1.4 —

Jain ef al,, 1999 4 1.51 1.14-2.01

Sung et al, 1999 2 1.16 0.57-2.35

Tzonou et al., 1999 5 0.98 0.86-1.13

Villeneuve et al., 1999 4 15 1.1-1.9

Cohen et al., 2000 4 1.07  0.72-1.60

Kolonel et af., 2000 5 1.01 0.79-1.28

SUMMARY VALUE 1.08 0.98-1.18

Heterogeneity test: ¥2 (8df)=33; p<0.0001

¥ \
0.25 05 1 2
Qdds ratio

Figure 43 Case-control studies of prostate cancer and fruit consumption (see Table 84)
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Cohort studies

Hsing et al., 1990
Shibata et al,, 1992
Giovannucci et al., 1995
Schuurman et al., 1998
Chan et al., 2000

Key et al,, 2003
SUMMARY VALUE

No. of
categ.

OR
0.7
1.04
1.04
0.80
0.8
1.00
0.95

Heterogeneity test: %2 (5df)=3.7; p=0.6

95% Ci
0412
0.74-1.46
0.81-1.34
0.57-1.12
05-1.3
0.81-1.23
0.84-1.08

1

Heterogeneity test: %2 (8df)=12; p=0.15

Odds ratio
Figure 44 Cohort studies of prostate cancer and vegetable consumption (see Table 85)
*Not applicable
No. of
Case-control studies categ. OR 95% ClI
Qishi et al,, 1988 3 0.87 0.43-1.76
Talamini ef al., 1992 3 1.39 0.88-217 —_—
De Stefani et al,, 1995 3 1.1 0.6-1.9 e
Deneo-Peliegrini of al., 1999 4 0.6 0.3-11 o :
Jain et al, 1999 4 0.95 0.68-1.33 ;
Tzonou et al., 1999 5 0.94 0.81-1.10
Villeneuve et al., 1999 4 1.0 0.8-1.3 ;
Cohen et al., 2000 4 065  0.45-0.94 e
Kolonel et al., 2000 5 0.74  0.58-0.96 ——
SUMMARY VALUE 0.90 0.82-1.00 <>

0.5 1 2

Odds ratio

Figure 45 Case-control studies of prostate cancer and vegetable consumption (see Table 86)
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Cohort studies

Michaud et al., 1999
Zeegers et al., 2001
Michaud et al., 2002

SUMMARY VALUE

No. of
categ.

Heterogeneity test: 2 (2df)=3; p=0.22

OR

0.72

0.91

0.94

95% Cl

0.47-1.09

0.65-1.27

0.82-1.63

0.76-1.16

Odds ratio

Figure 48 Cohort studies of bladder cancer and vegetable consumption (see Table 92)

Case—control studies

Riboll et al, 1991
Bruemmer et al., 1996
Balbi et al,, 2001

SUMMARY VALUE

No. of
categ.

1.04

0.87

0.66

0.89

Heterogeneity test: %2 (2df)=2.1; p=0.35

95% Cl

0.73-1.48

0.52-1.45

0.40-1.09

0.69-1.14

0.5

Odds ratio

Figure 49 Case—control studies of bladder cancer and vegetable consumption (see Table 93)
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Discussion
A number of studies have examined
fruit and vegetable consumption in
relation to kidney cancer risk. There
were only two cohort studies with smail
numbers of cases and nine case—con-
trol studies of which three were aiso
analysed together with ancther as a
multicentre study (Wolk et al, 1996).
The studies were performed in
Australia, China, Europe and the USA
and all renal-cell cancer cases were
histologically confirmed. Most studies
used  popuiation-based  controls.
Response rates were relatively high in
most studies and adjustment was
made for potential confounding by
body mass index and smoking.
However, recall bias cannot be
excluded in the case-control studies.
The results are not consistent. For
the seven evaluable case—control
studies on fruit consumption, the mean
OR was 0.76 (95% Cl 0.63-0.91},
range 0.20-1.20 (Figure 50) and for
the four evaluable case-control stud-
ies on vegetable consumption, the

mean OR was 086 (95% Cl
0.67-1.09), range 0.30-1.80 (Figure
51}.

Because smoking increases oxida-
tive stress, it is of interest to examine
the association with fruit and vegeta-
bles in subgroups of smokers and non-
smokers. However, only two case—
control studies took smoking status
into account when analysing associa-
tions of fruit and vegetables with risk of
renal-cell cancer. The results from
these two studies and from the multi-
centre analysts are not consistent; one
showing a significant inverse associa-
tion for  cruciferous/dark  green
vegetahies both in ever-smokers and
non-smokers (Yuan et al, 1998),
whereas the other study (Lindblad et
al,, 1997) and the multicentre analysis
found this relationship only among
non-smokers.

Brain

Adulf brain cancer

Fruit

Cohort studies. No cohort studies on
adult brain cancer were identified by
the Working Group.

Case-control studies: In two reports on
a case—control study in norih-east
China, a significant inverse association
with fruit consumption and risk of adult
brain cancer was found (Table 102). No
association with citrus fruit consump-
tion was found in a study in the USA
{Chen et al., 2002b).

Vegetables

Cohort studies. No cohort studies on
adult brain cancer were identified by
the Working Group.

Case-control studies. In one case—con-
trol study in the USA and in two reports
(possibly not independent) on a
case—control study in north-east China,
inverse associations between veg-
etable consumption and risk of adult
brain cancer were found (Table 103).

Childhood brain cancer

Fruit

Cohort studies. No cohort studies on
childhood brain cancer were identified
by the Working Group.

Case—-control studigs. Although there
have been several studies of dietary
variables and childhood cancer (espe-
cially brain tumours), few have consid-
ered fruit and vegetables per se.

Four case—control studies have
considered fruit consumption, with
contrasting results (Table 104}. Two of
the three studies that considered
maternal diet during pregnancy found
inverse associations. In the study
in Austrafia that did not find an overall
association, however, there was
an inverse association for fruit
consumption in the first year of life of
the child.

Vegetables

Cohort studies. No cohort studies on
childhood brain cancer were identified
by the Working Group.

Case-control studies. Three case—con-
trol studies have considered vegetable
consumption, with contrasting results
(Table 105). The two that found inverse
associations both considered the diet
of the mother during pregnancy, while
the third found no association either
during gestation or in the first year of
life.

Discussion

Information on adult and chifdhood
brain cancer in relation to consumption
of fruit and vegetables is sparse and
comes eniirely from case—control
studies. Although inverse associations
have been found, the number of stud-
ies was considered by the Working
Group to be too few io permit
evaluatton.

Thyroid

Thyroid cancer is a rare disease,
which occurs more frequently among
females than maies. The majority of
thyroid malignancies are weil differen-
tiated, and survival is high. Papillary
carcinoma comprises between 50 and
80% of thyroid cancers and follicular
carcinoma between 10 and 40%.
Anaplastic carcinoma is less common
(5-10%), ocecurs in the sixth to seventh
decade of life and is highly malignant.
Medullary carcinoma arises from para-
follicular or C-cells, and is even rarer.
The majority of the information that fol-
lows refers to differentiated thyroid car-
cinoma.

Fruit

Cohort studies

No cohort studies were identified by
the Working Group.
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tionship between fruit and vegetable
intake and changes in cancer risk
within single populations over time.

Cross-sectional studies between
countries

International cross-sectional studies
look for relationships between levels of
fruit and vegetable intake and cancer
rates among populations defined by
national boundaries. In such studies,
the cancer rates are either moriality or
incidence rates as collected by each
country, and the dietary data are typi-
cally crude food disappearance
estimates from agricutiural sources
such as the food balance shests,
which are country-level estimates of
food consumption at the population
level as estimated by the Food and
Agricultural Organization (FAQ) (see
Chapter 3).

A classic analysis of the associa-
tion between food consumption pat-
terns and cancer rates between coun-
tries (Armstrong & Doll, 1975) showed
rather strong associations of several
factors, such as fat, in the diet with
several common cancers. Associa-
tions with fruit and/or vegetable intake
were reported for cancers of the liver,
breast, ovary and kidney. Positive
associations were seen between fruit
intake and cancers of the breast and
ovary, while inverse associations were
seen between fruit intake and liver
cancer, and between vegetable intake
and kidney cancer. In a similar analysis
by Rose et al. (1986), inverse associa-
tions were observed between fruit
intake and ovarian cancer, and
between vegetable intake and cancers
of the colon {for women only), breast,
ovary and prostate. Thouez et al
{1990) reported an inverse association
between energy intake from vegeta-
bles and oesophageal and pancreatic
cancer across 29 countries, and a
study by Hebert et al. {1993} including
59 countries showed inverse associa-
tions of both fruit and vegetables with
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oesophageal and oral cancers. A posi-
tive association between calorie intake
from vegetables and cancer of the
stomach was reported by Thouez et al.
(1990), but that association was dimin-
ished after adjustment for age differ-
ences between countries. The rates of
lung cancer across 10 nations in the
South Pacific were found to be
inversely associated with the intake of
yellow-orange vegetables in models
that adjusted for demographic differ-
ences as well as tobacco use and
other dietary factors (Le Marchand et
al., 1995). Hebert and collaborators
reported little relationship between fruit
and vegetable intake and cancer of the
bladder across 50 countries {(Hebert &
Miller, 1994) and little relationship
between breast cancer and fruit intake
across 66 countries (Hebert & Rosen,
1996), but there was a modest inverse
association between cabbage intake
and breast cancer {Hebert & Rosen,
1998). Another ecological study across
28 countries showed an inverse asso-
ciation between tomato consumption
and prostate cancer risk {Grant, 1999),
though this was found only with multi-
variate models also containing non-fat
milk intake {data not shown). This
analysis was inspired by observations
from case—control and cohort studies
of a protective association between
tomato intake and prostate cancer risk,
and provides a good example of the
use of ecological studies to support or
refute hypotheses emerging from stud-
ies with other designs.

In sum, the international studies
tend to report more inverse associa-
tions than positive associations
between cancer rates and intake of
fruit and vegetables. These associa-
tions are generally stronger for vegeta-
bles than for fruit. There are many
reported associations that are null,
however, and the various reports
cannot be easily compared due to dif-
ferent- methods of analysis, different
time periods of collection of cancer

and diet daia, the high likelihood of
selactive reporting of findings by can-
cer site, by food type, and according to
the strength and statistical significance
of the observations. It is quite possible,
therefore, that the number of null
associations is greater than the selec-
tive literature suggests.

Cross-sectional studies between
regions within countries

Regional cross-sectional studies ook
for relationships between levels of fruit
and vegetable intake and cancer rates
across populations defined by regional
boundaries within countries. In such
studies, the cancer mortality or inci-
dence data are usually coltected in a
uniform way across ragions, and the
dietary data are usually much more
detailed and reliable than the FAO
data, often being derived from national
surveys of food intake as reported by
individuals.

Bingham et al (1979) reported
strong inverse associations between
intake of vegetables (other than
potatoes) and colon cancer, using data
from diet surveys in nine different
regions of the United Kingdom.
Shimada (1986) used similar methods
to show an inverse association
between vegetable intake and
stomach cancer in five regions of
Japan. The most exiensive within-
country ecological study ever con-
ducted is the analysis of cancer rates
in relation to diet across 65 counties in
China (Zhuo & Watanabe, 1999). In
this ambitious project, two communes
in each of 65 Chinese counties were
selected for dietary assessments,
which included not only dietary
measurements from households but
also collaction of samples from individ-
uals for nutritional biomarker measure-
ments. The study was substantially
weakened by the use of cancer rates
for a time period preceding the dietary
assessments. Modest correlations,
either positive or inverse, with fruit and
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vegetable intake were found for
several cancer sites. Fruit intake was
inversely associated with risk of stom-
ach cancer across 50 provinces in
Spain {Corella et al., 1996), 10 states
in Brazil {Sichieri et al, 1996) and 18
districts in Portugal (Azevedo ef al,
1999), and between high- versus low-
risk areas in China (Takezaki et al,
1999); but the corresponding associa-
tion was positive with stomach cancer
across the 65 counties in China (Chen
et al., 1990) and across five areas in
Japan (Tsubono et al, 1997}. Vege-
table intake has been consistently
observed 10 be inversely associated
with risk for stomach and colon can-
cers in many couniries (Bingham et al,,
1979; Shimada, 1986; Corella et al,
1996; Sichieri et al., 1996; Tsubono et
al., 1997; Azevedo ef al., 1999; Zhuo &
Watanabe, 1999).

In sum, studies of correlations
between cancer rates and diet within
countries aiso tend to show inverse
associations between fruit and veg-
etable intake and many cancers, espe-
cially cancers of the stomach and
colon.

Time trend studies

Analyses of time trends are ecological
studies correlating fruit and vegetable
intake with cancer rates over time
either within a single population or
across several populations. These
studies suffer from the same ecologi-
cal fallacy as the cross-sectional
studies among and within countries,
but they have the advantage of follow-
ing the same population over time.
Since many charactetistics of the pop-
ulation do not change over time, the
number of potential confounding
factors is reduced. Table 114 summa-
rizes findings from the few such
studies that have examined fruit and
vegetables specifically. The analyses
of temporal relationships between fruit
and vegetables and cancer have had a
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variety of methods and mixed findings.
The most consistently reported inverse
associations have been for stomach
cancer (Jedrychowski & Popiela, 1986;
Swistak et al, 1996; Tominaga &
Kuroishi, 1997}. The interpretation of
these observations is particularly
difficult, however, due to potential con-
founding by improving socioeconomic
conditions that have led to both a more
varied diet and a lower risk of infection
with Helicobacter pylori.

Migrant studies

Migrant studies are ecological studies
examining cancer rates in relation to
migration of people from countries of
differing cancer rates. Studies of
migrants from Asia to America
(Ubukata et al, 1986; Story & Harris,
1989) showed that migrants them-
selves tended to retain Asian dietary
patterns, whereas their children
acquired the food preferences of
America. Such changes, either within
the generation of migrants or in subse-
quent generations of their offspring,
feature increased intake of meats and
fats and decreased intake of vegeta-
bles (Lee et al., 1999). This shift fo a
more "western" diet is associated with
substantial increases in the risk of can-
cers of the breast (Wu & Bernstein,
1998} and colon (Bernstein & Wu,
1998). Ziegler ef al. (1993) conducted
a large, population-based case-con-
trol study that in many ways serves as
an example of how migration can be
better studied. They assessed migra-
tion effects on breast cancer for child-
hood, adolescent and adult exposures
among Asian-American women in
California by interviewing both study
participants and their mothers. They
found a gradient in breast cancer risk
related to migration history that was
quite comparable with the international
differences in breast cancer incidence
rates.

Summary

Ecological analyses have been
generally consistent with the hypothe-
sis that increased fruit and vegetable
intake is associated with lower risk of
cancer at many sites. International cor-
relational studies, studies across
regions in single countries and studies
of time trends and migrating popula-
tions are all congruent in this conclu-
sion.

Ecological studies offer both limita-
tions and advantages for assessing
the relationship between fruit and veg-
etable intake and cancer risk. The
large contrasts between countries in
diet that reflect long-term dietary differ-
ences over decades or entire lifetimes
are difficult to measure in studies
based on assessments of dietary
exposures in individuals. The strength
of ecological studies is their ability to
examine such long-term differences.
Their weakness is that there are many
confounding factors that limit the ability
to conclude causality attributable to
any particular dietary factor. As fruit
and vegetable intake varies substan-
tially along with many other factors,
including both dietary and non-dietary
factors, any association between fruit
and vegetable intake and cancer risk
emerging from ecological analyses
cannot be interpreted as causal
Another limitation is the apparently
selective reporting of findings by can-
cer site, food type, or non-null results.

intermediate markers of cancer

Experimental dietary studies in
humans serve as an important link
between the nutritional epidemiologi-
cal studies and experiments con-
ducted in animal models. They rely on
intermediate end-points related to dis-
ease risk, using biological markers that
may also provide insight into the
modes of action of fruit and vegetable
constituents in humans. At the same
time, they are limited by the sensitivity
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al, 2001), rats were fed AIN-76A diet
and given subcutaneous injections of
NMBA (0.5 mg/kg bw) three times per
week for five weeks. Immediately after
NMBA treatment, animals were placed
on control diet or a diet containing 5 or
10% sirawberries. The 5 and 10%
strawberry diets reduced oesophageal
tumour multiplicity at 25 weeks by 38
and 31%, respectively. Both reductions
were statistically significant (p < 0.05),
although there was not a significant
dose-response  relationship. [The
Working Group noted discrepancies
between the text and figure for the
treatment regimen.]

Their ability of black raspberries of
the Driscol and Bristol varieties to
inhibit NMBA-induced tumorigenesis in
the rat oesophagus was evaluated in
both initiation and post-initiation bioas-
says (Kresty et al, 2001). Groups of
15 male Fischer 344 rats, 7-8 weeks
old, were given AIN-76A diet or AIN-
76A diet containing 5 or 10% freeze-
dried black raspberries. The energy
content of the berry diets was main-
tained by appropriately reducing the
corn starch content. Animals were
maintained on their respective diets
throughout the 30-week study. Starting
two weeks after initiation of the experi-
mental diets, rats were given subcuta-
neous injections of NMBA (0.25 mg/kg
bw) once per week for 15 weeks.
Controls received either the vehicle
(20% DMSO in water) or a diet con-
taining 10% black raspberries. At 30
weeks, the animals were killed and
oesophageal papillomas counted.
Control animals had no tumours.
Feeding 5 and 10% black raspberries
significantly reduced the multiplicity of
NMBA-induced oesophageal tumours
by 39 and 49%, respectively (p < 0.05).
In a post-initiation bioassay, black
raspberties were administered in the
diet at 5 and 10% after completion of
NMBA treatment. Animals were given
subcutaneous injections of NMBA
(0.25 mg/ky bw) three times per week

for five weeks and mainiained on their
respective diets until killed at 15, 25 or
35 weeks of the study. Both 5 and 10%
black raspberry diets reduced tumour
incidence at 25 weeks by 54 and 46%,
respectively, tumour multiplicity by 62
and 43%, respectively, and high-grade
dysplastic lesions by 43 and 32%,
respectively. Afier 35 weeks, similar
significant reductions were seen only
with the diet containing 5% black rasp-
berries.

The eifect of blueberries {Vacci-
nmium corymbosum) of the Rubel vari-
ety on NMBA-induced tumorigenesis
in the rat oesophagus was investigated
(Aziz et al., 2002). Male Fischer 344
rats, 67 weeks old, were placed on
AIN-76A diet or AIN-76A diets
containing 5 or 10% freeze-dried blue-
berries. The energy content of the
berry diets was maintained by appro-
priately reducing the corn starch con-
tent. Animals were maintained on the
respective diets throughout the study.
Two weeks after initiation of the exper-
imental diets, three groups of rats (25
animals per group) were given sub-
cutaneous injections of NMBA (0.25
mg/lkg bw) once per week for 15
weeks. Control groups received either
the vehicle (20% DMSO in water) or a
diet containing 10% blueberries only.
At 25 weeks, the rats were killed and
oesophageal tumours were counted
and sized. There were no significant
differences in tumour incidence, multi-
plicity or size in berry-fed animals
versus animals treated with NMBA
only. The authors concluded that the
lack of tumour-inhibitory effect of blue-
berries, in contrast to that of strawber-
ries and black raspberries under
similar conditions, might be explained,
at ieast in part, by their relatively low
content of ellagic acid.

Colon
Mouse
Mice were treated with 1,2-dimethyl-
hydrazine {(DMH) to induce colon

tumours and fed cabbage during the
initiation and/or post-initiation periods
(Temple & El-Khatib, 1987; Temple &
Basu, 1987). In the first study, groups
of 14-17 male and female Swiss ICR
mice, aged 5-7 weeks, were fed con-
trol diet or a diet containing 13% cab-
bage throughout the study. After 31
days, the mice received weekly subcu-
taneous injections of DMH at gradually
increased doses of 23-56 mg/kg bw
for seven weeks. All animals were
kifled 17 weeks after the first dose of
DMH. Feeding of the cabbage diet had
no significant effect on cofon tumour
incidence or multiplicity (Temple & EI-
Khatib, 1987). In the second experi-
ment, cabbage was fed (a) starting five
weeks before the first injection of DMH
until three days after the last (initiation
period) or (b) starting three days after
the first DMH injection for 19.5 weeks
(promotion period). DMH was injected
once weekly for eight weeks at doses
increasing from 17 to 65 mg/kg bw.
Feeding of cabbage during the initia-
tion period led to a modest increase in
incidence of adenocarcinomas. In con-
trast, the incidence of adenomas was
reduced by 30% and multiplicity by
50% (p < 0.05) when cabbage was
given during the promotion period
(Temple & Basu, 1987).

Van Kranen et al. (1998) evaluated
the effect on intestinal neoplasia of the
amount of dietary fat and a fruit-veg-
etable mixture. Groups of 14-17 maie
and female weanling ApcY" mice, a
madel for multiple intestinal neoplasia,
were fed a low-fai (20% fat energy) or
a high-fat (40% fat energy) diet with or
without a freeze-dried fruit-vegetable
mixture (19.5 and 22.3% w/w, respec-
tively). The choice of fruits and vegeta-
bles was based on the mean fruit and
vegetable consumption in  The
Netherlands. The composition of the
high-fat diets was adjusted to allow for
decreased food consumption in these
groups. Because of the early onset of
tumours in these mice, exposure o the

281












Cancer-preventive effects

2% garlic powder from two weeks
before DMBA treatment until termina-
tion of the study at 24 weeks. Garlic
administered during initiation (at the
4% level) and during initiation and
post-initiation significantly (p < 0.05)
reduced DMBA-induced mammary
tumour incidence (35% and 40%,
respectively, versus 85% in controls})
and multiplicity (1.57 and 1.50 tumours
per tumour-bearing rat, respectively,
versus 2.41 in controls}.

Three groups of 25 female
Sprague-Dawley rats, 41 days of age,
were fed conirol diet or a 2% freeze-
dried milled garlic powder diet two
weeks before and one week after intra-
gastric administration of 10 mg DMBA
(initiation period), or the same diet
from two weeks before until 24 weeks
after DMBA administration (initiation
and post-initiation period), when the
experiment was terminated (Ip ef al,
1992). Administration of garlic powder
during the initiation stage had a slight
but not significant effect on mammary
tumour ihcidence and muitiplicity,
whereas continuous administration of
garlic powder significantly (p < 0.05)
reduced both mammary tumour inci-
dence (84 versus 56%) and multiplicity
[2.84 versus 1.52 tumours per rat].

The effect of gariic powder on
MNU-induced mammary carcinogene-
sis was studied in female Sprague-
Dawley rats (Schaffer ef al, 1996).
Groups of rais, 41 days of age, were
fed the control diet or experimental diet
containing 2% garlic powder for 14
days (21 rats per group). All rats then
received MNU intraperitoneally (15
mg/kg bw) and continued on their
dietary regimen for 25 weeks.
Administration of garlic powder in the
diet significantly (p < 0.05) reduced
mammary tumour incidence (by 76%)
and tumour multiplicity (by 81%).

The effect of dietary Thai bitter
gourd administered duting the initiation
stage of DMBA-induced mammary
carcinogenesis was studied in female

Sprague-Dawley rats (Kusamran ef af.,
1998a). Groups of 41-day-old animals
were pair-fed on control diet or experi-
mental diet containing 6.25 or 12.5%
freeze-dried Thai bitter gourd for two
weeks before and one week after a
single oral dose of DMBA (50 mg/kg
bw) and killed 25 weeks after dosing.
Administration of Thai bitter gourd at
6.25 and 12.5% during the initiation
stage significantly suppressed the mul-
tiplicity of mammary tumours [by 50%,
read from diagram], but had no effect
on the incidence.

Uterine cervix

Mouse

The effect of garlic on 3-methylcholan-
threne (3-MC}-induced cervical car-
cinogenesis was evaluaied in groups
of random-bred 8—-10-week-old virgin
Swiss albinc mice {(Hussain ef al,
1990). A sterile cotton thread impreg-
nated with beeswax containing about
600 ng 3-MC was inserted into the
canal of the uterine cervix by means of
a laparotomy. Ground garlic prepared
in distilled water at a level of 1% was
administered orally at a dose of 400
mg/kg bw per day for two weeks
before and four weeks after 3-MC
thread insertion. Twelve weeks after
the insertion of threads, all animals
were kiled and tissues were
processed for histopathological exami-
nation. Administration of garlic
significantly decreased the incidence
of 3-MC-induced squamous-cell carci-
noma of the uterine cervix (23% ver-
sus 73% in controls). However, garlic
had no effect on the incidences of
hyperplasia and dysplasia in the uter-
ine cervix.

Bladder

Mouse

The effect of aged garlic extract on
bladder carcinogenesis was evaluated
in female C3H/HeN mice given
implants of MBT2 bladder tumour cells
(Riggs et al, 1997). MBT2 bladder

tumours were originally induced in
C3H/HeN mice by oral administration
of  N-[4-(5-nitro-2-furyl)-2-thiazolyl]for-
mamide (FANFT). Tumour cells for
transplantation were prepared by
mincing tumours and mechanically dis-
persing the tissue into a single-cell
suspension. Garlic extract was admin-
istered orally at doses of 5, 50 and 500
mg/100 mL drinking water. One month
after initiation of garlic treatment, 1000
MBT2 cells in 0.1 mL csll culture
medium were subcutaneously injected
intc the right thigh. The experiment
was terminated 23 days after tumour
cell implantation for determination of
tumour incidence and after 35 days for
tumour volume. Treatment with garlic
led to a dose-dependent reduction in
tumour incidence, which was statisti-
cally significant at the highest dose
(500 mg/100 mL). In addition, animals
that received 50 and 500 mg garlic
extract in drinking water had significant
reductions in tumour volume (2563
and 1644 mm3, respectively, versus
4047 mm?®in controls).

Rat

The inhibitory properties of tomato
juice against urinary bladder carcinc-
genesis were evaluated in rats
(Okajima ef al., 1998). Bladder cancer
was induced in six-week-old male
Fischet 344 rats by 0.05% N-butyl-N-
(4-hydroxybutyl)nitrosamine (BBN)
given in the drinking water for eight
weeks. This was followed by tap water
(control) or fomato juice diluted 1:4 for
12 weeks. BBN induced simple hyper-
plasia, nedulopapillary hyperplasia
and transitional-cell carcinomas in the
urinary bladder. Tomato juice reduced
the multiplicity (1.17 + 0.9 versus 2.20
+ 1.4; p <0.05) but not the incidence of
transitional-cell carcinomas, and had
no effect on simple or nodulopapillary
hyperplasia in the bladder.
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between dietary fat and garlic oil (200
mg/kg bw) given as three weekly intu-
bations during seven weeks was
investigated in groups of 4-5 male
Sprague-Dawley rats (Sheen et al,
1999). Garlic oil increased GST activity
by 38-40%, but did not significantly
affect NDMA-demethylase, PROD,
total CYP or total NADPH-cyiochrome
¢ reductase. Immunoblot analyses
revealed increased hepatic levels of
CYP2B1 and GST (placental form) and
decreased CYP2Et1 after intubation
with garlic oil. The content of fat (5 or
20%) in the feed did not interact with
gatlic oil. In a subsequent study,
groups of five male Sprague-Dawley
rats, fed either a low- or high-fat diet,
were treated with 0, 30, 80 or 200
mg/kg bw garlic oil by gavage three
times per week for six weeks (Chen et
al., 2001a). Garlic oil dose-dependently
increased liver GST and PROD
activities and CYP2B1 mRNA and pro-
tein levels. Again, the effects of garlic
oil were independent of dietary fat con-
tent.

Oral administration of bitter gourd
extract (5% in water) daily for three
months to groups of eight Swiss albino
female mice significantly increased
hepatic GST in normal mice and in
mice  skin-painted  with DMBA
{Ganguty et al., 2000).

Grapefruit juice is known to have
some capacity to modify the biotrans-
formation of certain drugs (Bailey et
al., 1994). The effect was investigated
in groups of 6-9 male Sprague-
Dawley rats given a daily oral dose of
4 or 8 mL/kg of grapefruit juice for two
days, followed on the second day by a
dose of pentobarbitone sodium (50
mg/kg). The juice  significantly
increased sleeping time in a dose-
dependent manner (46% and 79%,
respectively) (Sharif & Ali, 1994).
Administration of 4 mL grapefruit juice
per day for two days (four rats per time
point) inhibited theophyline metabo-
fism up to 90 min after administration

of theophylline (10 mg/kg bw). Pure
commercial grapefruit juice offered
instead of drinking water to groups of
three male Fischer 344 rats did not
affect the plasma clearance of a sub-
sequent dose of PhIP (60 mg/kg bw)
(Miyata et al., 2002).

In summary, fruit and vegetable
mixtures at levels relevant to human
dietary intakes can increase both
phase | and Il xenobiotic-metabolizing
enzyme activities. Evidence from stud-
ies with high doses of single vegeta-
bles indicates a stronger ability to
induce phase Il enzymes. Induction
has been observed both in the liver
and extrahepatically in lung, intestines
and mammary tissue. In studies look-
ing at dose—response effects, phase Il
enzymes were induced in a dose-
related manner.

Inhibition of damage to macromole-
cuies

Mixtures of fruit and vegetables
Groups of 4-5 female Sprague-
Dawley rats were fed a standard diet,
or a specially composed diet with
cereals and cereal by-products, or
vegetable by-products, milk and sugar,
or vegetable by-products together with
meat and fish by-products and
vegetable oil. Blood samples were
collected after four weeks to determine
background levels of 4-aminobiphenyl
adducts in haemoglobin (Richter et al.,
2000). [The Working Group noted that
no information was given on the nature
of the vegetables included in the diets
and that only the vegetable and milk
diet was similar to the control diet in
macronutrient composition]. Adduct
levels were significantly decreased by
50% in animals on both diets contain-
ing vegetable by-products, whereas
the cereal-based (high-fibre) diet had
ne effect.

Individual fruif and vegetables
The protective effect of garden cress
(Lepidium sativum) towards genotoxic

effects induced by 2-amino-3-methyl-
imidazo[4,5-flquinoline (1Q) was inves-
tigated by single-cell gel electrophore-
sis (SCGE) assays (Kassie et al,
2002). Pretreatment of groups of three
male Fischer 344 rats with fresh gar-
den cress juice (0.8 mL) for three con-
secutive days led to significant reduc-
tions (p < 0.05) in DNA damage
induced by 1Q (90 mg/kg, 0.2 mE corn
oilfanimal) in colon and liver cells in the
range of 75-92%.

The influence of dietary supple-
ments of garlic powder (2 or 4%),
offered two weeks before and two
weeks after DMBA treatment (25
mg/kg bw), significantly and dose-
dependently reduced mammary DNA
adduct levels (approximately 30-70%,
respeclively), as determined by %°P-
postlabelling in groups of five female
Sprague-Dawley rats (Liu et al., 1992).
In a subsequent study on the interac-
tion between garlic and selenite on
DMBA-induced liver and mammary
DNA adducts, marked enhancement of
the selenium-induced protection was
observed with concomitant garlic treat-
ment (Schaffer et al., 1997). Grroups of
five female Sprague-Dawley rats were
fed sodium selenite (0.1, 0.5 or 1
mg/kg diet) in combination with garlic
powder (0, 20 or 40 mg/ kg diet) ina 3
x 3 factorial design. After two weeks of
feeding, all rats were given 25 mg/kg
bw DMBA in corn oil by intubation.
After 24 h, iotal DNA adducts in mam-
mary tissue were determined. Garlic
dose-dependently  decreased the
adduct level in the low-selenium group
(40-80%) and the effect was potenti-
ated by dietary selenium, increasing to
50% and almost 100% in the high-
selenium group (values read from dia-
gram). A decrease in the specific anti-
3,4-dihydrodiol-1,2-epoxide deoxy-
guanosine adduct accounted for
almost the entire effect.

Various gatlic preparations were
fed to groups of six female Sprague-
Pawley rats for two weeks before a

e
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inhibition of damage to macro-
molecules

Many carcinogens are activated to
electrophilic metabolites, which react
with cellular macromolecules, includ-
ing DNA, proteins and lipids {Miller &
MiHler, 1981). Reactive radical species
have a similar pattern of activity. Fruit
and vegetables contain factors that
decrease the damage to macromolec-
ular  structures, determined as
decreases in oxidative damage, in
adducts, or in the downstream conse-
quences of adduct formation, such as
mutations or repair.

Decreased oxidative damage to
lipids, proteins and DNA
Experimental evidence is consistent
with the view that increased oxidative
DNA damage leads to elevated cancer
risk (Halliwell, 2002). The 8-hydroxyla-
tion of guanine bases in DNA is a
frequent type of oxidative DNA dam-
age that can lead to GC to TA trans-
versions unless repairs are made
before DNA replication (Cheng et al.,
1992b). /n vivo, when DNA is repaired
by exonucleases, 8-hydroxy-2’-
deoxyguanosine (8-OHdG) is subse-
quently excreted in the urine without
further metabolism. increased levels of
urinary 8-OHdG are associated with
conditions characterized by increased
oxidative stress, such as smoking,
whole-body irradiation and cytotoxic
chemotherapy (Kasai ef al., 1986; Loft
et al, 1992; Tagesson et al, 1995).
Urinary levels of 8-OHdG also declined
in response to intervention with
Brussels sprouts (Verhagen et al,
1997) or to a high-vegetable and fruit
dietary intervention (Thompson et al.,
1999a), but tomato sauce or fruit juice
supplements had no effect (Rao &
Agarwal, 1998; Dragsted et al, 2001).
Raw Brussels sprouts did not affect
urinary 8-OHdG excretion in rats, but
cooked sprouts were effective and also
significantly decreased nuclear 8-
OHdG levels in bone marrow and kid-

neys (Deng ef al., 1998). Levels in the
liver were unaffected. In another study,
Brussels sprouts increased 8-OHdG
levels in rat liver (Serensen ef al,
2001).

As with many biomarkers associ-
ated with early events in carcinogene-
sis, direct and compelling evidence
that 8-OHdG is a biomarker of subse-
quent cancer development in humans
is not available. There are several
explanations why elevated oxidative
DNA damage may not be consistently
associated with increased cancer risk
(Halliwell, 2002). Measurement of
8-OHdG in urine and/or easily accessi-
ble tissues does not necessarily reflect
damage in the target tissues of inter-
est. For example, steady-state levels of
8-OHdG in rats can differ in different
tissues (Devanaboyina & Gupta,
1996). The biomarker also does not
adequately account for oxidative
damage to RNA or to free
deoxyguanosine and may be influ-
enced by variations in DNA repair
rates and by site of DNA oxidative
damage. For example, unrepaired
damage in genes encoding functional
proteins crucial to tumour suppression
such as p53 is likely to be more dele-
terious than damage in non-coding
regions of DNA (Halliwell, 2002).
Finally, another explanation for the
lack of evidence from human studies
may be insufficient statistical power
due to the large inter-individual varia-
tion in 8-OHdG excretion levels and
the relatively small sample sizes in
many of the studies.

Tissue levels of oxidative damage
remain difficult to measure, although
recent improvements in DNA extrac-
tion have led to more reliable tech-
niques (Ravanat et al., 2002). Oxida-
tive damage to DNA may also be
determined by single-cell gel elec-
trophoresis (SCGE) using restriction
enzymes sensitive to oxidative dam-
age to purines or pyrimidines.
Protective effects towards DNA oxida-

tion have been observed by this tech-
nique in several human studies after
dietary modulation with fruits or veg-
etables (Duthie ef al, 1996; Pool-
Zobel et al,, 1997; Collins et al., 1998,
2001; Porrini et al, 2002). However,
the effects are generally not strong,
and, as with other markers of oxidative
DNA damage, the technique shows
large inter-individual variation.

Animal and human evidence points
towards decreased lipid oxidation with
increasing fruit and vegetabte intake
(Miller ef al., 1998; Maskarinec ef al.,
1999; Aprikian et al,, 2002). Lipid oxi-
dation products have been observed to
form adducts with DNA in several
human organs, including oral mucosa,
colon, liver and breast, leading to
increased genetic damage, and have
been implicated as a risk factor for
human colorectal adenomas (Chaud-
hary et al, 1994; Wang et al, 199¢;
Zhang et al, 2002a; Leuralli et al,
2002). Adduct levels were similar to
levels of 8-OHdG in human pancreas
(Thompson et al., 1999b), underlining
their potential importance. Protection
against lipid oxidation may therefore
contribute to cancer prevention.

In conclusion, it appears that fruit
and vegetables may decrease direct or
indirect (through lipid oxidation prod-
ucts) oxidative damage to DNA, but the
evidence linking such damage to
decreased cancer risk is still very
limited.

Decreased carcinogen—-DNA binding
or increased DNA repair

Many carcinogens bind to DNA and it
is generally believed that changes in
the DNA code resuiting from such
binding are the main cause of cancer
initiation, constituting the core of sub-
sequent heritable genetic damage
from early precancerous lesions up to
the development of malignancy. Any
decrease in carcinogen—DNA binding
is therefore important for the preven-
tion of cancer. Decreased binding may
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Summary of data

COrai cavity and pharyn

Most studies conducted on oropharyn-
geal cancer risk in relation to fruit and
vegetable consumption have been
hospital-based case—control studies.
For the 10 evaluable case-conirol
studies of fruit consumption, the mean
relative risk for high versus low
consumption was 0.45 and the range
0.10-0.70. Despite the relatively good
agreement between the results, doubt
remains as 1o whether residual
confounding due to smoking habits
and alcohol drinking or socioeconomic
factors, recall bias among the cases,
and selection bias in the control group
might account for these findings.

Vegetable intake was also consis-
tently inversely associated with risk of
oropharyngeal cancer. For the seven
evaluable case—control studies of
vegetable consumption, the mean rel-
ative risk for high versus low consump-
tion was 049 and the range
0.19-0.80. As for fruit, the possibility
remains that these results are due to
residual confounding by smoking and
alcohol drinking as well as sociceco-
nomic status, or to recall or selection
bias.

There are no consistent findings of
an inverse association of salivary
gland and nasopharynx cancer with
fruit or vegetable consumption.

Oesophagus

In one cohort study, an inverse associ-
ation between fruit consumption and
mortality from oesophageal cancer
was reported. Among 16 evaluable
case—control studies of fruit consump-
tion, the mean relative risk for high ver-
sus low consumption was 0.54 and the
range 0.14—1.50.

Vegetable intake was also often
significantly inversely related fo risk for
this cancer site. For 10 evaluable
case—control studies of vegetable con-
sumption, the mean relative risk for
high versus [ow consumption was 0.64
and the range 0.10-0.97.

A recent meta-analysis also found
inverse associations for fruit and for
vegetables. The set of studies used in
the meta-analysis was not completely
identical with the studies evaiuated
here.

The studies did not indicate gen-
der-specific effects of fruit or vegetable
consumption. The studies used for eval-
uation were underpowered to detect
effect modification by strata of smoking
and alcohol consumption. Thus specific
effects on smokers or alcohol drinkers
could not be evaluated.

It remains possible that some or ali
of the observed associations resulted
from selection bias, recall bias or resid-
val confounding due to insufficient
control for smoking history, history of
alcohol drinking, or other factors asso-
ciated with the occurrence of oeso-
phageal cancer.

Stomach

The association between intake of {otal
fruit and risk of gastric cancer was
evaluable in 10 cohort and 28
case—control studies. The mean rela-
tive risk for high versus low consump-
tion was 0.85 and the range 0.55-1.92
in cohort studies and 0.63, range
0.31-1.39, in case—control studies.

In 25 studies (five cohort and 20
case—control), the association between
intake of total vegetables and risk of
gastric cancer was evaluable. The
mean relative risk for high versus low
consumption was 0.94 and the range
0.70--1.25 for cohort studies and 0.66
(range 0.30-1.70) for case—control
studies. Most of the case—control stud-
ies adjusted for more potential con-
founders than the cohort studies, but
many did not provide data on totat fruit
and total vegetable consumption.

The reason why case—control stud-
ies were more likely to show inverse
associations is not clear. Case-control
studies may be affected by recall bias;
further, people with preclinical symp-
toms of stomach carcinoma or

stomach disorders may have changed
their dietary habits before the diag-
nosis.

Colon and rectum

For the 11 evatuable cohort studies of
fruit consumption, the mean relative
risk for high versus low consumption
was 1.00 and the range 0.50-1.60. For
the nine evaluable case-—control stud-
ies, the mean relative risk for high ver-
sus low consumption was 0.87 and the
range 0.30-1.74. A recent meta-analy-
sis showed a small statistically signifi-
cant reduction in risk across case—con-
trol studies and a small non-significant
reduction across cohort studies.
Among the cohort studies, the small
reduction in risk was restricted to
women.

For the 10 evaluable cohort studies
of vegetable consumption, the mean
relative risk for high versus low con-
sumption was 0.94 and the range
0.72-1.78. For the 13 evaluable
case—control studies, the mean rela-
tive risk for high versus low consump-
tion was 0.63 and the range
0.18-1.29. A recent meta-analysis
showed a substantial reduction in risk
across case—control studies, but only a
small non-significant reduction in risk
across cohort studies.

It is not possible to rule out the pos-
sibility that bias affects the results in
two ways. Recall and selection bias in
the case—control studies and con-
founding in both cohort and case—
control studies could be producing

" artefactual inverse associations.

Liver
One cohort study in Japan considered
liver cancer mortality and fruit con-
sumption and found no evidence of an
inverse association. Only one case—
control study was evaluable and
showed no effect.

The only evaluable cohort study on
vegetable consumption and risk of liver
cancer found significant inverse
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Working Procedures

keatabolism of and metabolic
respeonses fo the agent or
metabolic consequences of an
intervention
In evaluating the potential utility of a
suspected cancer-preventive agent or
strategy, @ number of different proper-
ties, in addition fo direct effects upon
cancer incidence, are described and
weighed. Furthermore, as many of the
data jeading to an evaluation are expect-
ed to come from studies in
expetimental animals, information that
facilitates interspecies extrapolation is
particularly important; this includes
metabolic, kinetic and genetic data.
Whenever possible, guantitative data,
including information on dose, duration
and potency, are considered.
Information is given on absorption,
distribution (including placental trans-
fer), metabolism and excretion in
humans and experimental animals.
Kinetic properties within the target
species may affect the interpretaiion and
extrapolation of dose-response relation-
ships, such as blood concentrations,
protein binding, tissue concenirations,
plasma half-lives and elimination rates.
Comparative information on the relation-
ship between use or exposure and
the dose that reaches the target site
may be of particular importance for
extrapolation between species. Studies
that indicate the metabolic pathways
and fate of an agent in humans and
experimental animals are summarized,
and data on humans and experimental
animals are compared when possible.
Observations are made on inter-individ-
ual variations and relevant metabolic
polymorphisms. Data indicating long-
term accumulation in human tissues are
included. Physiologically based pharma-
cokinetic models and their parameter
values are relevant and are included
whenever they are available. Information
on the fate of the compound within tis-
sues and cells (transport, role of cellular
receptors, comparimentalization, binding
to macromolecules) is given.

The metabolic consequences of
interventions are described.

Genotyping wiil be used increasing-
ly, not only to identify subpopulations at
increased or decreased risk for cancers
but also to characterize variation in
the biotransformation of and responses
to cancer-preventive agents.This sub-
section can include effects of the com-
pound on gene expression, enzyme
induction or inhibition, or pro-oxidant
status, when such data are not
described elsewhere. It covers data
obtained in humans and experimental
animals, with particular attention to
effects of long-term use and exposure.

Cancer-preventive effects

Human studies

Types of study considered

Human data are derived from experi-
mental and non-experimental study
designs and are focused on cancer,
precancer or intermediate biological
end-points. The experimental designs
include randomized controlled trials and
short-term experimental studies; non-
experimental designs include cohort,
case—control and cross-sectional studies.

Cohort and case—control siudies
relate individual use of, or exposure to,
the agent or invervention under study to
the occurrence of cancer in individuals
and provide an estimate of relative risk
(ratio of incidence or mortality in those
exposed to incidence or mortality in
those not exposed) as the main mea-
sure of association. Cohort and
case—control studies follow an observa-
tional approach, in which the use of, or
exposure to, the agent is not controtled
by the investigator.

[ntervention studies are experi-
mental in design - that is, the use of, or
exposure to, the agent or intervention is
assigned by the investigator. The
intervention study or clinical trial is the
design that can provide the strongest
and most direct evidence of a protective
or preventive effect; however, for
practical and ethical reasons, such

studies are limited to observation of the
effects among specifically defined
study subjects of interventions of 10
years or fewer, which is relatively short
when compared with the overall lifespan.

Intervention studies may be under-
taken in individuals or communities and
may or may not involve randomization
to use or exposure. The differences
between these designs is imporiant in
relation to analylical methods and inter-
pretation of findings.

in addition, information can be
obtained from reports of correlation
(ecological) studies and case series;
however, limitations inherent in these
approaches usually mean thai such
studies carry limited weight in the
evaluation of a preventive effect.

Qualily of studies considered
The Handbooks are not intended to sum-
marize all published studies. The
Working Group considers the following
aspects: (1) the relevance of the study;
(2) the appropriateness of the design and
analysis to the question being asked; (3)
the adequacy and completeness of the
presentation of the data; and (4) the
degree to which chance, bias and con-
founding may have affected the results.
Studies that are judged to be inade-
quate or irrelevant to the evaluation are
generally omitted. They may be
mentioned briefly, particularly when the
information is considered to be a useful
supplement to that in other reports or
when it provides the only data available.
Their inclusion does not imply
acceptance of the adequacy of the study
design, nor of the analysis and interpre-
tation of the results, and their limitations
are outlined.

Assessment of the cancer-preventive

effect at different doses and durations
The Working Group gives special
atiention to guantitative assessment of
the preventive effect of the agent under
study, by assessing data from studies at
different doses. The Working Group
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Working Procedures

Qualitative aspects. An assessment of
the experimental prevention of cancer
involves several considerations of guali-
tative importance, including: (1) the
experimental conditions under which the
test was performed (route and schedule
of exposure, species, strain, sex and
age of animals studied, duration of the
exposure, and duration of the study);
(2) the consistency of the results, for
example across species and target
organ(s); (3) the stage or stages of the
neoplastic process, from preneoplastic
lesions and benign tumours to malignant
neoplasms, studied and (4) the possihle
role of modifying factors.
Considerations of importance to the
Working Group in the interpretation and
evaluation of a particuiar study include:
(1) how clearly the agent was defined
and, in the case of mixtures, how
adequately the sample composition was
reported; (2) the composition of the diet
and the stability of the agent in the diet;
(3) whether the source, strain and
quality of the animals was reported,;
{4) whether the dose and schedule of
treatment with the known carcinogen
were appropriate in assays of combined
treatment; (5) whether the doses of the
cancer-preventive agent were adequate-
ly monitored; (6) whether the ageni(s)
was absorbed, as shown by blood con-
centrations; (7) whether the survival of
treated animals was similar to that of
conirols; (8) whether the bedy and organ
weights of treated animals were similar
to those of controls; (9) whether there
were adequate numbers of animals, of
appropriate age, per group; (10) whether
animals of each sex were used, if appro-
priate; (11) whether animals were allo-
cated randomly to groups; (12) whether
appropriate respective controls were
used; (13) whether the duration of the
experiment was adequate; (14) whether
there was adequate statistical analysis;
and (15) whether the data were
adequately reported. If available, recent
data on the incidence of specific tumours
in historical controls, as well as in con-

current controls, are taken into account
in the evaluation of tumour response.

Quantitative aspects. The probability
that tumours will occur may depend on
the species, sex, strain and age of the
animals, the dose of carcinogen (if any),
the dose of the agent and the route and
duration of exposure. A decreased inci-
dence and/or decreased multiplicity of
neoplasms in adequately designed
studies provides evidence of a cancer-
preventive effect. A dose-related
decrease in incidence and/or multiplicity
further strengthens this association.

Statistical analysis. Major factors consid-
ered in the statistical analysis by the
Working Group include the adequacy of
the data for each treatment group: (1)
the initial and final effective numbers of
animals studied and the survival rate; (2)
body weights; and (3) tumour incidence
and multiplicity. The statistical methods
used shouid be clearly stated and should
be the generally accepted technigques
refined for this purpose. In particulas, the
statistical methods shouild be appropri-
ate for the characteristics of the
expected data distribution and should
account for interactions in multifactorial
studies. Consideration is given as to
whether appropriate adjustment was
made for differences in survival.

in-vifro models

Cell systems in vilro contribute to the
early identification of potential cancer-
preventive agents and to elucidation of
mechanisms of cancer prevention. A
number of assays in prokaryotic and
eukaryotic systems are used for this pur-
pose. Evaluation of the results of such
assays includes consideration of: (1) the
nature of the cell type used; (2) whether
primary cell cultures or cell lines (tumori-
genic or nontumotigenic) were studied;
(3) the appropriateness of controls; (4)
whether toxic effects were considered in
the outcome; (5) whether the data were
appropriately summated and analysed;
(6) whether appropriate controls were

used; (7) whether appropriate concentra-
tion ranges were used; (8) whether ade-
quate numbers of independent measure-
ments were made per group; and (9) the
relevance of the end-points, including
inhibition of mutagenesis, marphological
transformation, anchorage-independent
growth, cell-cell communication, calcium
tolerance and differentiation.

Intermediate biomarkers

Other iypes of study include experi-
ments in which the end-point is not
cancer but a defined preneoplastic
lesion or tumour-relaied intermediate
biomarker.

The observation of effects on the
occurrence of lesions presumed to be
preneoplastic or the emergence of
benign or malignant tumours may aid in
assessing the mode of action of the
presumed cancer-preventive agent or
intervention. Particular attention is given
fo assessing the reversibility of these
lesions and their predictive value in rela-
tion to cancer development.

Mechanisms of cancer prevention
Data on mechanisms can be derived
from both human studies and
experimental models. For a rational
implementation of cancer-preventive
measures, it is essential not only to
assess protective end-points but also to
understand the mechanisms by which
the agents or interventions exert their
anticarcinogenic action. Information on
the mechanisms of cancer-preventive
activity can be inferred from relation-
ships between chemical structure and
biological activity, from analysis of inter-
actions between agents and specific
molecular targets, from studies of
specific end-points i vitro, from studies
of the inhibition of tumorigenesis in vivo,
from the effects of modulating intermedi-
ate biomarkers, and from human
studies. Therefore, the Working Group
takes account of data on mechanisms in
making the final evaluation of cancer
prevention.
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Several classifications of mecha-
nisms have been proposed, as have
several systems for evaluating them.
Cancer-preventive agents may act at
several distinct levels. Their action may
be: (1) exiracellular, for example,
inhibiting the uptake or endogenous
formation of carcinogens, or forming
complexes with, diluting and/or deacti-
vating carcinogens; (2) intracellular, for
example, trapping carcinogens in non-
target cells, modifying transmembrane
transport, modulating metabolism, block-
ing reactive molecutes, inhibiting cell
replication or modulating gene expres-
sion or DNA metabolism; or (3) at the
level of the cell, tissue or organism, for
example, affecting cell differentiation,
intercellular communication, proteases,
signal transduction, growth factors, cell
adhesion molecules, angiogenesis,
interactions with the extraceliutar matrix,
hormonal status and the immune system.

Many cancer-preventive agents are
known or suspected to act by several
mechanisms, which may operate in a
coordinated manner and allow them a
broader spectrum of anticarcinogenic
activity. Therefore, multiple mechanisms
of action are taken into account in the
evaluation of cancer-prevention.

Beneficial interactions, generally
resulting from exposure to inhibitors that
work through complementary mecha-
nisms, are expioited in combined
cancer-prevention. Because organisms
are naturally exposed not only to mix-
tures of carcinogenic agents but also to
mixtures of protective agents, it is also
important to understand the mechanisms
of interactions between inhibitors.

Other heneficial effects

An expanded description is given, when
appropriate, of the efficacy of the
agent in the maintenance of a normal
healthy state and the treatment of
particular diseases. Information on the
mechanisms involved in these activities is
described. Reviews, rather than individ-
ual studies, may be cited as references.
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The physiological functions of agents
such as vitamins and micronutrients can
be described briefly, with reference fo
reviews. Data on the therapeutic effects
of drugs approved for clinical use are
summarized.

Toxic effects

Toxic effects are of particular importance
in the case of agents or interventions
that may be used widely over long
periods In healthy populations. Data are
given on acute and chronic toxic effects,
such as organ toxicity, increased cell
proliferation,  immunotoxicity — and
adverse endocrine effects. Some agents
or interventions may have both carcino-
genic and anticarcinogenic activities. If
the agent has been evaluated within the
1ARC Monographs on the Evaluation of
Carcinogenic Risks fo Humans, that
evaluation is accepted, unless
significant new data have appeared that
may lead the Working Group to
reconsider the evidence. If the agent
occurs naturally or has been in clinical
use previously, the doses and durations
used in cancer-prevention trials are
compared with intakes from the diet, in
the case of vitamins, and previous
clinical exposure, in the case of drugs
already approved for human use. When
extensive data are available, only
summaries are presented; if adequate
reviews are available, reference may be
made to these. If there are no relevant
reviews, the evaluation is made on the
basis of the same criteria as are applied
to epidemiological studies of cancer.
Differences in response as a conse-
quence of species, sex, age and
genetic variability are presented when
the information is available.

Data demonstrating the presence or
absence of adverse effects in humans
are included; equally, lack of data on spe-
cific adverse effects is stated clearly.

Information is given on carcinogenicity,
immunotoxicity, neurotoxicity, cardiotoxi-
city, haematological effects and toxicity
to other target organs. Specific case

reports in humans and any previous clin-
ical data are noted. Other biochemical
effects thought to be relevant to adverse
effects are mentioned.

The resulis of studies of genetic and
related effects in mammalian and non-
mammalian systems in vivo and in vitro
are summarized. Information on whether
DNA damage occurs via direct interac-
tion with the agent or via indirect mech-
anisms (e.g. generation of free radicals)
is included, as is information on other
genetic effects such as mutation, recom-
bination, chromosomal damage, aneu-
ploidy, cell immortalization and transfor-
mation, and effects on cell-cell commu-
nication. The presence and toxicological
significance of cellular receptors for the
cancer-preventive agent are described.

Structure—activity relationships that
may be relevant to the evaluation of the
toxicity of an agent are described.

Summary of data

In this section, the relevant human and
experimental data are summarized.
Inadequate studies are generally
not included but are identified in the
preceding text.

Evaluation
Evaluations of the strength of the
evidence for cancer-preventive activity
and carcinogenic effects from studies in
humans and expetimental models are
made, using standard terms. These terms
may alsoc be applied to other
beneficial and adverse effects, when indi-
cated. When appropriate, reference is
made to specific organs and populations.
It is recognized that the criteria for
these evaluation categories, described
below, cannot encompass all factors that
may be relevant to an evaluation of can-
cer-preventive activity. In considering all
the relevant scientific data, the Working
Group may assign the agent or interven-
tion to a  higher or lower
category than a strict interpretation of
these criteria would indicate.
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