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General introduction

In th is  firs t chapter I w ill g ive an ove rv iew  o f the cu rren t know ledge 
on fru it  and vegetab le  consum ption , carcinogenesis and the re lation 
betw een fru it and vegetab le  consum ption  and cancer risk. In add ition
I w ill in troduce  the 'European Investigation  in to  Cancer and n u tr itio n ' 
(EPIC) s tudy w ith  was used fo r  the analysis presented in th is  thesis. 
This chapter ends w ith  the main aim  and ou tline  o f th is  thesis.
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General introduction

Fruits and Vegetables
Fruit and vegetab les conta in  m any d iffe re n t b ioactive  com pounds like v itam ins , 
caro teno ids, se lenium , and m inera ls. In add ition , fru it and vegetab les conta in 
a w ide  range o f phytochem ica ls, like flavono ids  and isoflavones.1 But they also 
conta in  d ie ta ry  fib res and are genera lly  lo w  in energy density. D iffe ren t (groups of) 
vegetab les and fru its  are spec ifica lly  know n fo r  th e ir content o f specific  b ioactive  
com pounds. C ruciferous vegetab les are sources o f g lucosino la tes and the ir products 
iso th iocyanates and indoles, w h ile  a llium  vegetab les are high in o rganosu lfu r 
com pounds. Green, lea fy vegetab les are know n sources o f fo lic  acid and tom atoes 
are know n fo r  th e ir high concentra tion  o f lycopene (see also Table 1.1).2

Table 1.1: Examples of fruit and vegetable groups and their most important 
(bioactive) components.3

Vegetable group Examples vegetable 
products

Important
components

Dark green leafy vegetables Spinach, kale ß-carotene, folate, lutein, 
magnesium, calcium

Cruciferous vegetables Broccoli, Brussels sprouts, 
cauliflower

Glucosinolates, 
isothiocyanates, indoles

Deep orange/yellow roots Carrot, pumpkin ß-carotene, a-carotene

Tomato Tomato Lycopene, ß-carotene

Allium Garlic, onion Allyl sulfides

Legumes Broad beans, chickpeas, green 
peas, kidney beans

Iron, isoflavones, 
vitamin B6

Fruit group Examples fru it products Important components

Deep orange/yellow fruits Nectarine, peach, mango ß-carotene

Citrus fruits and juices Orange, grapefruit, lemon Vitamin C, cryptoxanthin 
neohesperidin

Red fruits Watermelon Lycopene, ß-carotene

Berries Raspberry, strawberry, cranberry Anthocyanins, quecetin, 
phenolic acids

C onsum ption  o f fru it  and vegetab les are linked to  a low er risks o f card iovascular 
disease, d iabetes m ellitus , obes ity  and several cancers.1 Therefo re , the W orld  Health 
O rganisation (WHO) recom m ends consum ption  o f at least a to ta l o f 400 gram s of 
fru its  and vegetab les daily. In the N etherlands m any people do not consum e the 
recom m ended am ount o f fru its  and vegetables. In 2003, the Dutch National Food 
C onsum ption  su rvey am ong young adu lts aged 19-30 years found  tha t on ly  7.2% of 
the pa rtic ipan ts  eat at least 200 gram s o f fru its  a day and 0% eats at least 200 gram s 
o f vegetab les a day. O nly 1.8% o f the pa rtic ipa ting  young adu lts eats a to ta l o f at least 
400 gram s o f fru its  and vegetab les per day.4
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General introduction

Carcinogenesis
Cancer is a m u ltis tep  process o f genetic, ep igenetic  and o ther a lte ra tions tha t drive 
the progressive trans fo rm a tion  o f norm al cells in to  m a lignan t cells. M uta tions  m ay 
p rom ote  ce llu la r g ro w th  by se lf-su ffic iency  in g ro w th  signals and inse ns itiv ity  to 
a n ti-g row th  signals; p revent ce llu la r death (apoptosis); p rom ote  lim itless  rep lica tive  
potentia l, tissue invasion and m etastasis and p rom ote  sustained angiogenesis. 
The a ffected  cell thereby loses its bu ilt-in  capacity  fo r  ha lting  cell d iv is ion , 
and it p roduces daughter cells w ith  the same genetic defects (see Figure 1.1).5

Evading
apoptosis

Insensitivity to 
anti-growth signals

1 1
Sustained

angiogenesis
Tissue invasion 

& metastasis

Figure 1.1: Acquired Capabilities of Cancer. [Source: Hanahan & Weinberg, 20005]

Each tim e  a cell d iv ides in to  tw o  new  daughter cells, there is potentia l fo r  e rro r in 
rep lica tion  o f the DNA. Furtherm ore, DNA is co n tinuous ly  exposed to dam age from  
products  o f norm al ce llu la r m etabo lism , inc lud ing  reactive oxygen species, hydroxy l 
radicals, and hydrogen peroxide. DNA is also vu lnerab le  to  dam age from  external 
fac to rs  such as u ltra -v io le t ligh t, sm oking , m icrobes and d ie ta ry  facto rs. M ost DNA 
dam age does no t lead to  m a lignan t trans fo rm a tion  because cells have extrem ely  
e ffic ien t DNA repair m echanism s.6

Fruits and vegetables and cancer risk
High consum ption  o f fru its  and vegetab les has been related to  decreased risks of 
several cancers. In 2007 the W orld  Cancer Research Fund (WCRF) and Am erican 
Institu te  fo r  Cancer Research (AICR) pub lished th e ir second expert report entitled: 
'Food, N u trition , Physical A c tiv ity , and the Prevention o f Cancer: a Global Perspective'. 
The conclusions o f the report are based on large lite ra tu re  studies. The evidence fo r 
a re lation betw een the consum ption  o f fru its  and decreased risks o f cancers o f the 
m outh , pharynx, la rynx , oesophagus, lung and stom ach was rated 'p robab le '. For 
the consum ption  o f non-s ta rchy vegetab les decreased risks w ere found  probable  fo r 
cancers o f the m outh , pharynx, la rynx , oesophagus and stom ach.1
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General introduction

Possible mechanisms
The bioactive substances present in fruits and vegetables can influence carcinogenesis by 
various mechanisms. In Figure 1.2, which is taken from the WCRF/AICR expert report, the 
mechanisms that are able to promote or inhibit cancer development and progression and can 
be influenced by nutrition and other lifestyle factors are summarized.1

Figure 1.2: Food nutrition, obesity and physical activity can influence fundamental 
processes shown here, which may promote or inhibit cancer development 
and progression. [Source: WCRF/AICR expert report.1]

Pro life ra tion  refers to  the g ro w th  o f tissues and is in fluenced by g ro w th  factors. 
Substances in fru its  and vegetab les tha t can influence p ro life ra tion  are, fo r  exam ple, 
flavono ids  and selenium . The ce ll cycle  describes the d iffe re n t steps tha t take place 
in a cell leading to its d iv is ion  and dup lica tion . N u trition  m ay influence the regula tion 
o f the norm al cell cycle but could also po ten tia lly  lead to DNA-damage. DNA repa ir is 
a v ita l defence in m a in ta in ing  ce llu la r in te g rity  and prevents a cell being transfo rm ed  
from  norm al to cancerous. Defects in any o f the DNA repair m echanism s can 
predispose to  cancer. Various studies suggest tha t n u tritiona l sta tus and/or certa in 
food  constituen ts , fo r  exam ple se lenium , fo la te  and v itam in  A, m ay influence DNA 
repair, both  pos itive ly  and negative ly. A pop to s is  is the process o f p rogram m ed cell 
death, w h ich  can prevent the p ro life ra tion  o f cancerous cells. D iffe ren tia tion  is the 
process o f specia lisation o f cell func tion . A t va rious stages o f d iffe ren tia tion , cells 
becom e sensitive  to d iffe ren t g ro w th  facto rs. One characteris tic  o f cells tha t are 
accum ula ting  DNA dam age is tha t they becom e de -d iffe ren tia ted . H orm ones  can 
s tim u la te  or in h ib it p ro life ra tion  and apoptosis. Plant foods also conta in  horm ones 
(phytohorm ones).
M ost exogenous carcinogens tha t cause DNA dam age need to be activated a fte r 
entrance in the body. Generally, ac tiva tion  is catalysed by the cy tochrom e P450 
fa m ily  o f phase I enzym es th rough  ox idation. On the o ther hand, phase II enzym es 
are invo lved in de tox ifica tion  o f carcinogens by con jugation  o f activated m etabo lites. 
B ioactive com pounds in d ie t can influence both types o f enzymes. For exam ple 
cruc ife rous vegetab les and flavono ids  are able to  inh ib it the expression o f cy tochrom e 
P450 and phase I enzym es.1
A lthough  much has been learned about the m olecu lar pathw ays a ffected by b ioactive
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food  com ponents, s ign ifican t gaps still ex is t in our understand ing  o f the m echanism s 
by w h ich  these com pounds m ay prevent cancer.2 Furtherm ore, com p lica ting  
phenom ena exist such as a d iffe rence  in response betw een norm al and cancer cells 
to  the b ioactive  com pounds in fru its  and vegetab les and response d iffe rences by 
dose, tim in g  and duration  o f the exposure.1

Randomized Controlled Trials
There have been several random ised con tro lled  tria ls  (RCT) looking  at the e ffect 
on cancer risk o f supp lem ents con ta in ing  specific  substances present in fru its  and 
vegetab les.1, 7 For exam ple, m ost RCTs investiga ting  the e ffects o f ca lc ium , fo lic  
acid, ß-carotene, v ita m in  E and C supp lem ents found  no associations w ith  reduced 
co lo recta l risk.8 The results o f the ß-carotene Cancer Prevention Study, the A lpha- 
tocophero l, Beta-Carotene Cancer prevention  (ATBC) s tudy and the Beta Carotene 
and Retinol E fficacy s tudy (CARET) even showed increased risks o f lung cancer 
am ong sm okers taken ß-carotene supp lem ents .7, 9-11

Table 1.2: Randomised Controlled Trials (RCT) with bioactive components of fruits and 
vegetables and their effect on cancer risk.

RCT Population Intervention Cancer Effect on 
incidence

Alpha-tocopherol, Beta- Finland 20 mg ß-carotene Lung Î
Carotene Cancer preven Male smokers
tion (ATBC)9 N= 29,133 Prostate Î

Stomach Î

50 mg a-tocopherol Prostate 1
(form of vitamin E)

Bladder Î

Colorectal 1

Stomach Î

Beta Carotene and USA 30 mg ß-carotene Lung 10 Î
Retinol Efficacy study High risk for lung 25,000 IU retinyl
(CARET) cancer palmitate Bladder12 =

N=18,314
Prostate 13 =

Selenium and Vitamin E USA 200 mg Selenium Prostate =
Cancer Prevention Trial Men 55 years and and/or
(SELECT)14 older 400 mg Vitamin E Lung =

N= 35,534
Colorectal =

There are several possib le  exp lanations fo r  these inconclus ive  find ings , fo r  exam ple 
the re lative sho rt dura tion  o f the tria ls  and the high doses o f the caro teno ids and/or 
v itam ins . In add ition , it is like ly  tha t not one ind iv idua l substance is responsib le  fo r 
the preventive  action but ra ther the com bined e ffec t o f all the substances found  in 
f ru it  and vegetables.
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Variety in fruit and vegetable consumption
S im p ly  looking  at the qua n tity  o f fru it and vegetab le  consum ption  o r at one specific  
com ponen t o ffru its  andvegetab les m igh t not fu lly  capture the m echanism(s) responsib le 
fo r  a low e r cancer risk. Looking at the d ive rs ity  o f fru it and vegetab le  consum ption , 
re flecting  an intake o f m any d iffe re n t b ioactive  com pounds present in fru it  and 
vegetab les, m ay com p lem en t the research on fru it  and vegetab le  consum ption  and 
cancer risk.
D iet d ive rs ity  scores are freq ue n tly  used to q ua n tify  the va rie ty  in overall diet. 
It usua lly  m easures the num ber o f d iffe ren t predefined food  groups consum ed over a 
specified tim e  period. It is used to describe the qua lity  o f the d ie t, but can also be linked 
to  disease outcom e. Kant e t al. (1993) found  decreased a ll-cause -m orta lity  risks w ith  
m ore va rie ty  w ith in  the to ta l d ie t in the NHANES I coho rt.15 Nine case-contro l studies, 
o f w h ich  7 from  the same study base in Ita ly16-22 and tw o  from  the US,23, 24 looked at the 
re la tionsh ip  betw een d ive rs ity  in overall d ie t and w ith in  specific  food  groups and the 
risk o f several cancers.16-24 Four o f these case-contro l stud ies focused on co lorecta l 
cancer w ith  three o f those studies find ing  a reduced co lorecta l cancer risk w ith  h igher 
va rie ty  in to ta l d ie t.16, 17, 23 By contrast, McCann e t a l (2007) reported  increased risks of 
co lon cancer w ith  h igher va rie ty  w ith in  the to ta l d ie t am ong m en.24 A lso  fo r  gastric  
cancer,18 oral and pharyngeal cancer,20, 21 breast cancer19 and squam ous cell carcinom a 
o f the oesophagus22 pro tective  e ffects w here  found  fo r  a m ore d iverse diet.
D iet D ive rs ity  Scores are also used to describe va rie ty  w ith in  specific  food  groups, 
like fru it  and vegetables. Then they count the d iffe ren t p roducts o r sub-food groups 
w ith in  the specific  food  group. Several studies also found  decreased risks o f several 
cancers w ith  increased va rie ty  in vegetab le  consum ption . Jansen et a l (2004) 
looked spec ifica lly  at d ive rs ity  o f fru it and vegetab le  consum ption  in re la tion to 
cancer risk in the Zutphen coho rt s tudy conducted am ong men in the Netherlands. 
The Zutphen s tudy found  decreased overall cancer risks am ong the ind iv idua ls  w ith  
a h igher va rie ty  in vegetab le  consum p tion .25 The case-contro l studies named above 
all reported decreased risks o f cancer fo r  increased va rie ty  in fru it  and vegetab le  
consum ption .16-22 To the best o f our know ledge co ho rt stud ies on the association 
betw een va rie ty  in fru it  and vegetab les and risk o f specific  cancers have not been 
conducted thus far.

European Prospective Investigation into Cancer 
and nutrition
The European Prospective Investigation  in to  Cancer and nu trition  (EPIC) is the largest 
co ho rt s tudy  in Europe spec ifica lly  designed to  investigate  the re la tionsh ip  between 
d ie t and cancer occurrence. From 1991-2000 over a ha lf m illion  people w ere included 
in th is  s tudy spread over ten European coun tries (Denm ark, France, Germany, Greece, 
Italy, The N etherlands, Norway, Spain, Sweden and the United K ingdom ; Figure 1.3). 
The partic ipants  filled  ou t questionna ires about th e ir usual d ie t and o the r lifes ty le  
habits like sm oking , physical a c tiv ity  and a lcohol co nsum p tion .26 
Ind iv idua ls  w ith  preva lent cancer at baseline o f the s tudy w ere excluded. The cancer 
free  ind iv idua ls  w ere fo llo w ed  over tim e. The incidence o f cancer and o ther chron ic 
diseases, like d iabetes type  2 and co rona ry  heart disease, is recorded on a regular 
basis. The unique aspect o f the EPIC-study is the partic ipa tion  o f d iffe re n t cu ltures w ith  
d iffe re n t lifes ty les and d ie ta ry  habits. This gives a w ide  range in d ie ta ry  and lifes ty le  
habits. M oreover, the occurrence o f cancer also d iffe rs  substan tia lly  w ith in  Europe. 
W ith in  EPIC several w ork ing  groups are charged w ith  exam in ing  associations betw een 
d ie ta ry  and o the r lifes ty le  habits and d iffe ren t types o f cancer, type  2 diabetes, heart
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General introduction

diseases and obesity. For cancers o f the lung and u rina ry  b ladder, w h ich  are both 
s tron g ly  associated w ith  c igare tte  sm oking , associations w ith  fru its  and vegetab les 
consum ption  are not ye t fu lly  explored. Given the standard ized co llec tion  o f m any 
covaria tes, w ith in  EPIC deta iled  co rrection  o f sm oking habits and o ther potentia l 
confounders is feasib le.

Figure 1.3: Map of the 23 participating EPIC study centres in ten European countries.

Lung cancer
Lung cancer is one o f the m ost com m on cancers in hum ans. Lung cancer is the second 
m ost com m on cancer in the European Union am ong men and the fo u rth  am ong 
w om en. In 2006, app rox im a te ly  265,600 new  cases o f lung cancer w ere diagnosed 
and there w ere 236,000 lung cancer deaths in the European U n ion .27 Age-adjusted 
rates o f lung cancer are decreasing am ong men in m any high incom e countries due 
to  decreased trends in sm oking , bu t increasing trends are seen in m any low -incom e 
countries. In w om en, incidence rates are low er (the age-standard ized incidence rate 
in the European Union is 18.4 per 100,000 w om en com pared w ith  62.4 per 100,000 
men), bu t rates am ong w om en still continue to  rise in m any coun tries .27, 28 
Trends in lung cancer risk fo llo w  the trends in sm oking behaviour closely, w ith  a delay 
o f some decades. Com pared to  never sm okers, cu rren t sm okers o f one pack per day 
have about a 20-fold increase in lung cancer risk. The risk o f lung cancer increases 
w ith  the in tens ity  o f sm oking  bu t especia lly w ith  the duration  o f sm oking. A lso  passive 
sm oking , know n as env ironm enta l tobacco sm oking  (ETS), is an established risk 
fa c to r fo r  lung cancer.29 Exposure to several substances inc lud ing  asbestos, arsenic 
com pounds, heavy m eta ls, po lycyc lic  a rom atic  hydrocarbons (PAH), silica, radon or 
w e ld ing  fum es have been associated w ith  lung cancer incidence as w e ll.30
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General introduction

Fruit and vegetables and lung cancer risk
Vegetables and fru its  consum ption  have been hypothesized to  in fluence lung 
cancer risk. Vegetables and fru its  are know n fo r  th e ir an tiox idan t capacity  and could 
there fore  coun ter the ox ida tive  stress from  tobacco sm oking. The 2007 WCRF/AICR 
expe rt report concludes tha t fru its  p robab ly  p ro tect against lung cancer. In add ition  
there is lim ited  evidence suggesting  tha t non-s ta rchy vegetab les, selenium  and foods 
conta in ing  it p ro tec t aga inst lung cancer.1 In Figure 1.4 the fo res t p lo t from  the WCRF/ 
AICR report fo r  the dose-response analysis fo r to ta l fru it  and vegetab le  intake and 
lung cancer risk using data from  co ho rt studies is reproduced show ing  a m arginal 
s ta tis tica lly  s ign ifican t sum m ary  re lative risk estim ate  o f 0.96 w ith  95% confidence 
in terva l 0.92 to 1.00. Based on coho rt s tudies, fo r  vegetab les alone an overall re lative 
risk o f lung cancer w ith  increm ents o f 80 g/day in consum ption  o f 0.95 was found  
(95%CI 0.92-0.98). For the consum ption  o f fru its  the overall lung cancer re la tive  risk 
was 0.94 (95%CI 0.90-0.97) w ith  increm ents o f 80 gram s/day in consum ption , again 
based on co ho rt studies only.1
The re lation betw een to ta l lung cancer incidence and fru its  and vegetab les 
consum ption  was p rev ious ly  investigated w ith in  EPIC by M ille r e t a l (2004) and 
Linseisen e t a l (2007). Both papers reported a reduced risk o f lung cancer w ith  a high 
consum ption  o f fru its .31' 32 Linseisen e t al, also found  a reduced lung cancer risk w ith  
a high vegetab le  consum ption  in cu rren t sm okers.32

Study r\ame
Effect size
(05% Cl) % Weight

Feskanich, 2000 (HPFS, M> . - 1.04 (0.98, 1.10) 16.7

Feskanich. 2QD0 (MHS, F) 0.95 (0.91, 1.00) 16.4

Shlibata, 1992 (US. Laguna Hills, MflF) — | 0.99 ( 0.90, 1.03) 11.7

Skuladottir, 2004 (Danish Health Study, M/F)-^H- 0.94 (0.69, 1.00) 16.3

Voorrips. 2000 (Netherlands Cohort M /F) ; 0.90 ( 0.67, 0.94) 20.0

Wright. 2004 (ATBC. M) - 0.97 ( 0.92, 1.02) 17.0

Overall 0.96 ( 0.92, 1.00) 100.0

i
.5 •

i
1.15

Relasive Risk, SO g.'day

Figure 1.4: Forest plot for dose-response analysis: total fruit and vegetable intake, cohort 
studies (80 g/day=1 serving/day).1

Lung cancer risk in Randomized Controlled Trials
D ietary intake and serum  levels o f caro teno ids are cons is ten tly  associated w ith  a 
low e r risk o f lung cancer.33 O f all caro teno ids, ß-carotene is m ost freq ue n tly  studied 
in re lation to  lung cancer risk. Several chem opreven tion  tria ls  w ere conducted , but 
the results w ere d isappo in ting , if not confusing . Beta-carotene was found  to  increase 
lung cancer risk, especia lly in high risk popu la tions (see Table 1.2). A  freq ue n tly  g iven 
explanation  fo r  these fin d ing s  is the high dose o f ß-carotene used in the tria ls , m any 
tim es h igher than the intake o f ß-carotene by d iet. But also the tim in g  o f ß-carotene 
supp lem en ta tion  in the process o f lung cancer deve lopm ent m ay be w rong: 
ß-carotene m ay be m ore im p o rta n t in early  phases o f lung cancer deve lopm ent, not 
detectable  by re la tive ly  short duration  in te rven tion  tr ia ls .34 W ith in  one o f the tria ls , 
the ATBC tria l, p ro te in  expression was studied in series o f non-sm all cell lung cancers
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General introduction

and norm al tissues o f sm okers w ho  received ß-carotene supp lem ents or p lacebo to 
de te rm ine  m olecu la r a lte ra tions .35 They found  a m odest increased expression of 
cyclin  D1 in norm al lung tissue and a n on -s ign ifican tly  increased expression o f Ki67 
in tu m o u r cells. Cyclin D1 is an im p o rta n t regu la to r o f cell cycle progression  and over 
expression leads to uncontro lled  g ro w th  and p ro life ra tion . Ki67 is an established 
ind ica to r o f rapid cell g row th . The s tudy did not rep licate the find ings  o f animal 
stud ies w h ich  found  d im in ished  re tino id  s igna lling  by decreased expression o f RAR-ß 
and up regu la tion  o f CYP1A1 and AP-1.36

Histological subtypes of lung cancer
Lung cancer can be d iv ided  in to  fo u r m a jo r h is to log ica l subtypes: adenocarcinom a, 
sm all cell carcinom a, large cell carcinom a, and squam ous cell carcinom a. Squam ous 
cell carcinom a is the p redom inan t h is to log ica l type  am ong men w h ile  in w om en 
adenocarcinom a is the m ost com m on subtype. The trends in subtypes o f lung cancer 
incidence also va ry  by gender. In men, the incidence o f squam ous and sm all cell 
cancer is decreasing, w h ile  the incidence o f adenocarcinom a is stable or s ligh tly  
increasing in w estern  countries. For w om en , the incidence o f all h is to log ica l subtypes 
is increasing, a lthough m ost rap id ly  fo r  adenocarc inom a.28 Small cell lung cancer is 
the m ost aggressive type  o f lung cancer.37
Tobacco sm oking  is related to all h is to log ica l subtypes o f lung cancer, bu t the strength  
o f the association d iffe rs  w ith  sm all cell carcinom a show ing  the s trongest association 
fo llo w ed  by squam ous cell carcinom a, w h ile  adenocarcinom a show s the weakest 
association w ith  tobacco sm ok ing .38 Likew ise, the e ffect o f sm oking  cessation is 
s trongest fo r  sm all cell carcinom a and weakest fo r  adenocarc inom a.39 
There are ind ica tions tha t the association o f vegetab les and fru its  m ay va ry  am ong the 
h is to log ica l subtypes o f lung cancer, bu t s tudy results are inconsistent. A  suggestion 
o f a s tronge r inverse association fo r  to ta l fru its  and vegetab le  consum ption  and tota l 
fru its  in adenocarcinom as and squam ous cell carcinom as com pared to  sm all cell 
carcinom as was shown in a pooled analysis o f e ight prospective  s tud ies.40 However, 
it is d iff ic u lt to  pool and com pare studies as there are d iffe rences in m ethods used to 
c lass ify  the lung cancer cases in d iffe ren t h is to log ic  subgroups. M oreover, optim al 
co rrection  fo r  potentia l con found ing  by sm oking  is o f param ount im portance.

Genetic susceptibility of lung cancer
A lthough  the risk o f lung cancer is m a in ly  determ ined by env ironm enta l facto rs, 
especia lly tobacco sm oking , it does not fu lly  expla in the risk o f lung cancer. Genetic 
suscep tib ility  is th ou gh t to  influence the ind iv idua l's  risk o f lung cancer in com b ina tion  
w ith  env ironm enta l facto rs. The association betw een the g lu ta th ione  S-transferase  
M1 (GSTM1) gene and lung cancer has been investigated in num erous ep idem io log ic  
studies since g lu ta th ione  S-transferase (GST) was firs t suggested as a potentia l 
m arker fo r  suscep tib ility  to lung cancer. GSTs are a large fa m ily  o f cy toso lic  enzym es 
tha t catalyze the de tox ifica tion  o f reactive e lec troph ilic  com pounds, inc lud ing  m any 
env ironm enta l carc inogens.36 G enom e-w ide association studies (GWAS) iden tified  
inherited  suscep tib ility  va rian ts  on ch rom osom e 15 (15q24/15q25.1),41 ch rom osom e 5 
(5p15),42-44 and ch rom osom e 6 (6p21)43 being associated w ith  lung cancer.45, 46 Genes 
in the region 15q25 encode subun its  o f n ico tine  ace ty lcho line  receptors. It is unclear 
w he the r th is  re la tionsh ip  is independent from  sm oking  or no t.41, 45-47
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Bladder cancer
Bladder cancer is the fo u rth  m ost com m on cancer in the European Union among 
men and the tw e lfth  am ong w om en. In 2006, app rox im a te ly  104,400 new  cases of 
b ladder cancer w ere d iagnosed and there w ere 36,500 b ladder cancer deaths in the 
European U n ion .27 There are substantia l d iffe rences in b ladder cancer occurrence 
in d iffe ren t parts  o f the w orld . The rates o f b ladder cancer are pa rticu la rly  high 
in Southern Europe and N orthern  A frica  fo llow ed  by W estern Europe and North 
Am erica, whereas they are low  in Asia, Eastern Europe and Latin A m erica .48, 49 The 
male to fem ale  sex incidence ratio  o f b ladder cancer is app rox im a te ly  3:1.48 This has 
been m ostly  a ttr ibu ted  to  d iffe rences in sm oking  hab its and occupationa l exposure to 
carcinogens. The high risk in N orthern  A frica  can be expla ined by the high prevalence 
o f in fection  w ith  Schistosom a haem atobium  w h ich  causes a specific  m orpho log ica l 
type  o f b ladder cancer (squam ous cell) tha t is rare in areas tha t are not endem ic w ith  
th is  in fec tio n .50, 51
The p rim ary  risk fa c to r fo r  b ladder cancer is tobacco sm oking. As calculated from  
orig ina l data from  11 European case-contro l studies, the percentage o f b ladder 
cancer cases a ttr ib u tab le  to  ever-sm oking is estim ated to be 66% fo r  m en, and 
30% fo r  w om en .52, 53 The risk o f b ladder cancer also increases w ith  longer dura tion  
and h igher in tens ity  o f sm ok ing .50, 54, 55 O ccupational risk facto rs , like exposure to 
ß -naphty lam ine, 4 -am inob iphenyl and benzidine, also play a role in b ladder cancer, 
a lthough these specific  chem icals have been banned from  the w orkp lace  in W estern 
coun tries decades ago.50 A b o u t 5-25% o f all b ladder cancer cases in W estern countries 
can still be a ttr ibu ted  to occupationa l exposures.56

Fruit and vegetables and bladder cancer risk
In 2000, a m eta-analysis reported an elevated b ladder cancer risk am ong subjects 
w ith  low  vs. high fru it  consum ption  (RR=1.47 95%CI 1.25-1.74); the analyses suggested 
a weak positive  association betw een lo w  vegetab le  consum ption  and b ladder cancer 
risk (RR=1.15 95%CI 0.98-1.35) com pared to a high consum ption  o f vege tab les.57 On 
the o the r hand, in 2008 Larsson et al. pub lished a null fin d ing  o f fru it  and vegetab le  
consum ption  and b ladder cancer risk in a Swedish coho rt s tudy .58 The WCRF/AICR 
report on d ie t and the p revention o f cancer concluded in 2007 tha t there is on ly  lim ited  
evidence suggesting tha t fru its  and vegetab les p ro tec t against b ladder cancer.1 This 
conclus ion  was based on the sm all num ber o f studies tha t is availab le and on the fact 
tha t these studies found  on ly  m arg ina lly  reduced risks, especia lly fo r  the consum ption  
o f vegetables. C ruciferous vegetab les, w h ich  are rich in isoth iocyanates, however, 
are freq ue n tly  linked to  a low er risk o f b ladder cancer.59 Bhattacharya et a l recently 
found  tha t a lly l isoth iocyanates (AITC) was associated w ith  p ro found  G2/M  arrest 
and apoptosis  in vitro. In add ition , in tw o  b ladder cancer rat m odels AITC decreased 
deve lopm ent o f b ladder cancer and m uscle invasion .60 A  m eta-analysis on selenium  
levels and b ladder cancer risk found  a 39% decreased risk o f b ladder cancer w ith  high 
levels o f se lenium  (~0.9 |jg/g or h igher in toena ils  and ~100 |jg/L o r h igher in serum). 
However, litt le  is know n about the role o f se lenium  in b ladder cancer.61

Genetic susceptibility of bladder cancer
A  large tw in  s tudy suggested tha t an estim ated 31% o f b ladder cancer risk is 
con tribu ted  by genetic suscep tib ility .62 Candidate gene association studies have shown 
tha t N -acetyltransferase 2 (NAT2) s low  ace ty la to r and g lu ta th ione  S-transferase P1 
(GSTM1) null genotypes are associated w ith  increased b ladder cancer risks.63 Genome 
w ide  association studies have show n a m issense va rian t (rs2294008) in the p rostate
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stem cell antigen (PSCA) gene tha t is cons is ten tly  associated w ith  b ladder cancer risk 
in US and European popu la tions .64 The exact role o f PSCA in b ladder cancer is still 
not clear but it has been suggested to  have a tu m o u r suppressor-like  character and be 
related to the adhesion o f ce lls.65

Aims of this thesis
In th is  thesis I w ill investigate  w he the r the consum ption  o f fru its  and vegetab les is 
inverse ly related to  lung and b ladder cancer risk. I w ill look at both the am ount o f fru its  and 
vegetab les consum edand a tthe va rie ty  in fru ita n d  vegetab le  consum ption . I hypothesize 
tha t it is not on ly  im p o rta n t to consum e a su ffic ien t am ount o f fru its  and vegetab les 
bu t tha t it is perhaps even m ore im p o rta n t to  have va rie ty  in the types o f fru its  and 
vegetab les consum ed.
In add ition , I w ill com pare our score fo r  the va rie ty  in fru it  and vegetab le  consum ption  
w ith  p lasma levels o f s ix caro teno ids to investiga te  w he the r m ore va rie ty  in fru its  and 
vegetab les consum ption  is related to concentra tions o f the d iffe ren t carotenoids.
A ll analyses w ill be carried ou t w ith in  the European Prospective Investigation  into 
Cancer and N u trition  (EPIC).

Outline of this thesis
First I w ill p resent the results fo r  lung cancer. The fin d ing s  on the q ua n tity  o f fru it  and 
vegetab le  consum ption  and lung cancer risk are presented in chapter 2. The find ings  
on the va rie ty  in fru it and vegetab le  consum ption  and lung cancer risk can be found  
in chapter 3. The results fo r  the q ua n tity  o f fru it  and vegetab le  consum ption  and 
b ladder cancer risk w ill be presented in chapter 4 and the results fo r  the va rie ty  in 
fru it  and vegetab le  consum ption  and b ladder cancer risk are described in chapter 5. 
In chapter 6 I w ill d iscuss the association betw een the va rie ty  m easurem ents used in 
the chapters 3 and 5 and the plasma levels o f six caroteno ids. Finally, all fin d ing s  w ill 
be d iscussed and put in a b roader perspective  in the general d iscussion in chapter 7.
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Quantity of fru it &  vegetable consumption and lung cancer risk

Abstract

Objective
To exam ine the association betw een fru it  and vegetab le  consum ption  and risk of 
d iffe re n t h is to log ica l subtypes o f lung cancer am ong partic ipan ts  o f the European 
Prospective Investigation  in to  Cancer and N u trition  study.

Methods
M ultiva riab le  Cox p ropo rtiona l hazard m odels w ere used to analyze the data. 
A  ca lib ra tion  s tudy in a subsam ple  was used to  reduce d ie ta ry  m easurem ent errors.

Results
During a mean fo llo w -u p  o f 8.7 years, 1,830 inc iden t cases o f lung cancer 
(574 adenocarcinom a, 286 sm all cell, 137 large cell, 363 squam ous cell, 470 o ther 
h isto log ies) were identified . In line w ith  our previous conclus ions, we found  tha t a fte r 
ca lib ra tion  a 100 g/day increase in fru it  and vegetab les consum ption  was associated 
w ith  a reduced lung cancer risk (HR 0.94; 95% CI 0.89-0.99). This was also seen am ong 
curren t sm okers (HR 0.93; 95% CI 0.90-0.97). Risks o f squam ous cell carcinom as in 
cu rren t sm okers w ere reduced fo r  an increase o f 100 g/day o f fru it  and vegetab les 
com bined (HR 0.85; 95% CI 0.76-0.94), w h ile  no clear e ffects w ere seen fo r  the o ther 
h is to log ica l subtypes.

Conclusion
We observed inverse associations betw een the consum ption  o f vegetab les and fru its  
and risk o f lung cancer w ith o u t a clear e ffec t on specific  h is to log ica l subtypes o f lung 
cancer. In cu rren t sm okers, consum ption  o f vegetab les and fru its  m ay reduce lung 
cancer risk, in pa rticu la r the risk o f squam ous cell carcinom as.
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Introduction
Lung cancer is one o f the m ost com m on cancers in men. Age-ad justed  rates o f lung 
cancer are decreasing am ong men in m any h igh-incom e countries due to decreased 
sm oking , but increasing in som e low -incom e countries. In w om en, incidence rates 
are low er (g lobally, the age-standard ized incidence rate is 12.1 per 100,000 w om en 
com pared w ith  35.5 per 100,000 men), but rates am ong w om en continue to rise in 
m any countries.1-3
Lung cancer can be d iv ided  in to  fo u r m a jo r h is to log ica l subtypes: adenocarcinom a, 
sm all cell carcinom a, large cell carcinom a, and squam ous cell carcinom a. Squam ous 
cell carcinom a is the p redom inan t h is to log ica l type  am ong men w h ile  in w om en 
adenocarcinom a is the m ost com m on subtype. The trends in subtypes o f lung cancer 
incidence also va ry  by gender. In men, the incidence o f squam ous and sm all cell 
cancer is decreasing, w h ile  the incidence o f adenocarcinom a is stable or s ligh tly  
increasing in w estern  countries. For w om en , the incidence o f all h is to log ica l subtypes 
is increasing, a lthough m ost rap id ly  fo r  adenocarcinom a.1
The m ajor risk fa c to r fo r  lung cancer is tobacco sm oking .1, 4 Tobacco sm oking  is related 
to  all h is to log ica l sub- types o f lung cancer, but the s trength  o f the association d iffe rs  
w ith  sm all cell carcinom a show ing  the strongest association fo llow ed  by squam ous 
cell carcinom a, w h ile  adenocarcinom a shows the weakest association w ith  tobacco 
sm ok ing .4 Likewise, the e ffect o f sm oking  cessation is the s trongest fo r  sm all cell 
carcinom a and the weakest fo r  adenocarc inom a.5
Vegetable and fru it consum ption  have also been hypothesized to  influence lung 
cancer risk.6 The 2007 WCRF/ AICR expe rt report, 'Food, N u trition , Physical A c tiv ity , 
and the Prevention o f Cancer: a G lobal Perspective', concludes tha t fru its  p robab ly  
p ro tec t against lung cancer and tha t there is o n ly  lim ited  evidence suggesting  tha t 
non-s ta rchy vegetab les, se lenium , and foods conta in ing  it p ro tect aga inst lung cancer. 
The 2007 WCRF/AICR expe rt report does not m ention  d iffe rences in e ffec t o f fru it  and 
vegetab le  consum ption  betw een the d iffe re n t h is to log ica l subtypes o f lung cancer.2 
There are ind ica tions tha t the association o f vegetab les and fru its  m ay va ry  am ong the 
h is to log ica l subtypes o f lung cancer, but s tudy results are inconsistent. A  suggestion 
o f a s tronge r inverse association fo r  to ta l fru its  and vegetab le  consum ption  and tota l 
fru its  in adenocarcinom as and squam ous cell carcinom as com pared to  sm all cell 
carcinom as was show n in a pooled analysis o f e igh t prospective  studies.7 
The purpose o f th is  a rtic le  is to describe the associations betw een fru it  and vegetab le  
consum ption  and risks o f the d iffe ren t h is to log ica l subtypes o f lung cancer am ong 
partic ipan ts  in the European Prospective Investigation  in to  Cancer and n u trition  
(EPIC) study. The re lation betw een to ta l lung cancer incidence and fru it and vegetab le  
consum ption  was p rev ious ly  investigated w ith in  EPIC by M ille r e t al.6 and Linseisen 
e t a l.8 They both found  a reduced risk fo r  lung cancer w ith  a high consum ption  of 
fru it .6, 8 Linseisen e t al.,8 using a substan tia lly  la rger num ber o f cases than M ille r e t a l.6 
(1,126 vs. 860 lung cancer cases), also found  a reduced lung cancer risk w ith  a high 
vegetab le  consum ption  in cu rren t sm okers. W ith  new  fo llo w -u p  data available, fo r  the 
firs t tim e  an adequate num ber o f 1,830 lung cancer cases is availab le fo r  the analyses 
o f the association betw een fru it  and vegetab le  consum ption  and risk o f h is to log ica l 
subtypes o f lung cancer, overall and by sm oking  status.
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Methods

Study participants
The European Prospective Investigation  in to  Cancer and N u trition  (EPIC) is an ongoing  
m u lticen te r coho rt s tudy  designed to investigate  the re la tions betw een d ie t, lifes ty le  
and environm enta l fac to rs , and the incidence o f cancer. The to ta l co ho rt consists 
o f coho rts  o f men and w om en recruited in 23 centers in 10 European countries: 
Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, 
and the United K ingdom . The popu la tions and m ethods have been described in fu ll 
e lsew here .9 In b rief, the EPIC coho rt consists o f 521,468 subjects, m os tly  aged 25-70 
years, recruited during  the period 1991-2000 from  the general popu la tion  resid ing in 
a specific  geo- g raph ic area, a tow n  or a province. Exceptions w ere the French cohort, 
w h ich  was based on m em bers o f the health insurance fo r  state school em ployees, 
the U trech t (the Netherlands) and the Florence (Italy) cohorts , w h ich  w ere both based 
on w om en a ttend ing  breast cancer screening, com ponents o f the Ita lian and Spanish 
coho rts  w hich  included m em bers o f local b lood donor organ izations, and ha lf o f the 
0xfo rd  (United K ingdom ) coho rt tha t was based on vegetarian and hea lth-conscious 
vo lunteers. In France, Norway, U trech t (the Netherlands), and Naples (Italy) on ly 
w om en were recruited. E lig ib le subjects w ere inv ited  to  partic ipa te  in the s tudy by mail 
o r by personal contact. As a rule, those w ho  partic ipa ted  signed an in fo rm ed consent 
fo rm , and d ie t and lifes ty le  questionna ires w ere m ailed to them , except in all Spanish 
centers, Greece, and Ragusa (Italy), w here  in te rv iew er-adm in is te red  questionna ires 
w ere used. In m ost countries, s tudy subjects w ere inv ited  to  v is it a center fo r  b lood 
co llection  and an th ropom etric  m easurem ents and to de liver the com ple ted  d ie t and 
lifes ty le  questionna ires.9

Diet and lifestyle questionnaires
A t baseline, usual d ie t before  en ro llm en t was m easured by coun try -spec ific  va lidated  
questionna ires designed to capture local d ie ta ry  habits. A lthough  the design of 
the questionna ires was based on the same general fo rm a t, there  were d iffe rences 
betw een the questionna ires used in several countries. Extensive se lf-adm in iste red  
quan tita tive  d ie ta ry  questionna ires w ere used in northe rn  Italy, the Netherlands, 
Germany, and Greece. In France, Spain, and Ragusa (Italy), questionna ires s im ila r 
to  the d ie ta ry  questionna ires, bu t s tructu red  by meals, w ere used. To increase the 
com pliance, the centers in Spain and Ragusa perfo rm ed  a face-to-face d ie ta ry  
in te rv ie w  using a com puterized d ie ta ry  p rogram . Sem i-quantita tive  food  frequency 
questionna ires w ith  the same standard po rtion  assigned to all partic ipan ts  were 
used in Denmark, Norway, Naples (Italy), and Umeâ (Sweden). In M alm ö (Sweden), 
a non -quan tita tive  food  frequency questionna ire  was com bined w ith  a 14-day 
record on hot m eals, and in the United K ingdom  a sem i-quan tita tive  food  frequency 
questionna ire  and a 7-day record w ere used.9
The food  groups analyzed w ere vegetab les and fresh  fru its  (excluding o lives, nuts, 
seeds, and fru it juices). Analyses were also carried ou t fo r  subgroups o f vegetab les 
(leafy vegetab les, fru itin g  vegetab les, cabbages, roo t vegetab les, m ushroom s, and 
garlic  and onions) and subgroups o f fresh  fru its  (hard fru it  (inc lud ing  apples and 
pears), stone fru it  (inc lud ing  cherry, m irabe lle , p lum , aprico t, peach, and nectarine), 
berries, grapes, and c itrus fru it (excluding and inc lud ing  c itrus juices)). A dd itiona lly , 
legum es (inc lud ing  gra in  and pod vegetables) are analyzed as a separate group. 
Details o f food  item s included in the selected vegetab les and fru its  subgroups used 
in the analysis have been reported  in fu ll by Agudo  e t al.10
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Lifesty le  questionna ires included questions on education, occupation, m edical 
h is tory, life tim e  h is to ry  o f consum ption  o f tobacco, a lcoho lic  beverages, and physical 
a c tiv ity .9

Endpoints
Follow -up was based on popula tion-based cancer reg istries in seven o f the 
p a rtic ipa ting  countries: Denmark, Italy, Netherlands, Spain, Sweden, United K ingdom , 
and Norway. In France, Germany, and Greece, a com b ina tion  o f m ethods was used, 
inc lud ing  health insurance records, cancer and pa tho logy  hosp ita l reg istries, and 
active fo llo w - up. M o rta lity  data w ere also co llected from  reg istries at the regional or 
national level.9 Censoring dates fo r  com ple te  fo llo w -u p  were as fo llow s : Decem ber 
2002 (Granada); Decem ber 2003 (Florence, Varese, Naples, M urcia, B ilthoven and 
Denmark); Decem ber 2004 (Ragusa, Turin, Asturias , Navarra, United K ingdom , 
U trecht, M alm ö and Norway); June 2005 (France); Decem ber 2005 (San Sebastian 
and Umeâ). For Germ any and Greece, the end o f fo llo w -u p  was considered to  be the 
last know n contact, the date o f d iagnosis or the date o f death, w h icheve r came firs t. 
Cancer o f the lung was defined as code C34 o f the 10th revis ion o f the In ternationa l 
S tatistica l C lassification o f Diseases, In juries, and Causes o f Death (ICD). A ccord ing  to 
the m o rph o lo gy  codes o f the W H0 In ternationa l H isto logica l C lassification o f Tum ors, 
h is to log ica l types w ere classified in to  fo u r m a jor h is to log ica l types: squam ous cell 
carcinom a (8052, 8070-8073, 8075, and 8123), sm all cell carcinom a (8041-8045 and 
8246), large cell carcinom a (8012, 8020-8021, and 8082), and adenocarcinom a (8140, 
8143, 8200, 8211, 8230, 8250-8251, 8260, 8300, 8310, 8480-8481, 8490, and 8550). 0 ther 
h is to log ica l types (8010-8011, 8022, 8030-8032, 8046, 8240, 8243, 8430, 8560, 8710, 
8720, 8800-8801, 9120, 9133, 9590, 9591, 9671, and 9699) and unclassified  h is to log ica l 
types o f carcinom as (8000-8001 and m iss ing  h is to log ica l data) w ere placed in to  a 
m isce llaneous category. 0n ly f irs t inc iden t lung cancer cases w ere taken in to  account.

Statistical methods
Cox p ropo rtiona l hazards regression was used to  analyze the association betw een fru it 
and vegetab le  consum ption  and risk o f d iffe re n t h is to log ica l subtypes o f lung cancer. 
Age was used as the p rim a ry  tim e  variab le  in the m odels w ith  en try  tim e  defined as 
age at recru itm en t and exit tim e  as age at d iagnosis, age at death, o r age at end o f 
fo llo w -u p , w h icheve r came firs t. A ll analyses w ere s tra tified  by age at recru itm en t 
(in 1-year categories) to con tro l fo r  length  o f fo llo w -u p , and by gender and center to 
con tro l fo r  co un try  e ffects such as fo llo w -u p  procedures, and questionna ire  design. 
The p ropo rtiona l hazard assum ption, tha t was tested by in troduc ing  an in teraction  term  
betw een tim e  and the exposure variab le, was met. Cases d iagnosed a fte r censoring 
date w ere considered as non-cases. W hen analyzing the d iffe re n t h is to log ica l 
subgroups o f lung cancers, the h is to log ica l subtypes no t o f in te rest were censored at 
tim e  o f d iagnosis.
C onsum ption  o f vegetab les and fru its  and o f vegetab le  and fru it subgroups was 
d iv ided  in to  EPIC-wide qu in tiles , using the low est q u in tile  as reference category. 
The consum ption  o f vegetab les and fru its  was also analyzed con tinuous ly  
(per 100 g/day increase). Subgroups o f vegetab les and fru it  w ere analyzed per 
25 g/day increase. Analyses w ere also perfo rm ed separate ly by sm oking  sta tus and 
by gender. In te raction  (on the m u ltip lica tive  scale) was tested using the in teraction  
term  o f fru it and /or vegetab le  consum ption  (in quintiles) w ith  gender and sm oking 
status.
We contro lled , in the overall m odel, fo r  sm oking sta tus (current, fo rm er, never), 
dura tion  o f sm oking  (continues in years; fo rm e r and cu rren t smokers), life tim e  in tens ity
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o f sm oking  (continues in c igare ttes/day; fo rm e r and cu rren t smokers), the num ber 
o f c igarettes sm oked at baseline (continues in c igare ttes/day; cu rren t smokers), and 
tim e  since q u ittin g  (continues in years; fo rm e r smokers). A dd itiona lly , we included 
the num ber o f c igare ttes at baseline squared and tw o  in teraction  te rm s, one fo r  the 
duration  o f sm oking and the num ber o f c igare ttes at baseline and one fo r  the duration  
o f sm oking  and age at s ta rt o f sm oking. Ind iv idua ls  w ith  unknow n sm oking status 
(n=7164; 1.5%) w ere excluded from  the Cox regression analyses. Ind ica to r variab les 
were used fo r  m issing va lues related to the in tens ity  (20% m issing values), duration  
(5% m issing values), and age at s ta rt o f sm oking  (3% m issing values). A ll m odels 
a dd itiona lly  included he igh t (continues in cm), w e ig h t (continues in kg), energy intake 
from  fa t and non-fa t sources (continues in kcal/day), a lcohol consum ption  (continues 
in g/day), physical a c tiv ity  (inactive, m odera te ly  inactive, m odera te ly  active, active, 
m issing), and h ighest educationa l level (none, p rim ary  school, techn ica l/p ro fessiona l 
school, secondary school, un ivers ity). W ith in  the analyses o f fru its , we also adjusted fo r 
the intake o f vegetab les and v ice  versa (continues in grams/day). W hen analyzing 
subgroups o f vegetab les and fru its , also o the r vegetab les and fru its  consum ption  
were con tro lled  for. A ll covaria tes were included as separate variab les on a continuous 
scale except w hen stated d iffe ren tly .
We derived p ro b a b ility  values fo r  a linear trend across qu in tiles  from  regression 
m odels using the m edian consum ption  w ith in  the qu in tiles  as a con tinuous variab le, 
hereby taking the unequal d istances o f the qu in tiles  in to  account.11 
To evaluate w he ther preclin ica l disease m ay have in fluenced results, add itiona l 
analyses w ere conducted a fte r exclusion o f cases tha t w ere d iagnosed w ith in  
2 years a fte r recru itm ent. To separate early from  late e ffects in the natural course, we 
conducted analyses s tra tified  by m edian fo llo w -u p .

Calibration
To reduce system atic  over- and underestim ation  o f d ie ta ry  intakes across partic ipa ting  
centers and to reduce m easurem ent bias in hazard ratios,12, 13 a ca lib ra tion  m ethod 
was a dd itiona lly  applied as described in deta il by Ferrari e t al. 2008.12 In brief, 24-h 
recall data w ere co llected from  an 8% sam ple o f the cohort. The 24-h recall values 
were regressed on the d ie ta ry  questionna ire  va lues fo r  the m ain food  groups and 
the subgroups in a linear ca lib ra tion  m odel.12 Zero consum ption  values in the main 
d ie ta ry  questionna ires w ere included in the regression ca lib ra tion  m odels. Data were 
w e igh ted  by day o f the week and season o f the year on w h ich  the 24-h recall data were 
co llected. C ountry  and sex-specific  ca lib ra tion  m odels w ere used to  obta in  ind iv idua l 
ca lib ra ted va lues o f d ie ta ry  exposure fo r  all partic ipants. Cox regression m odels were 
then app lied using the ca lib ra ted va lues fo r  each ind iv idua l on a continuous scale. 
The standard e rro r o f the deattenuated coe ffic ien t was calculated w ith  boo ts trap  
sam pling  (n = 20 repetitions) in the ca lib ra tion  and disease m odels consecutive ly.12 
A ll analyses were perfo rm ed using SAS vers ion  9.1 (SAS Ins titu te  Inc. Cary, NC).

Results
For the analyses, we excluded partic ipan ts  w ith  a h is to ry  o f cancer at baseline 
(n=23,633), partic ipants  w ith  incom p le te  fo llo w -u p  in fo rm a tion  (n=3,446), or 
partic ipan ts  w ith  a ratio  o f energy intake versus energy expend iture  in the top 
and bo ttom  1% (n=15,834). A fte r these exclusions, there w ere no ind iv idua ls  w ith  
m issing d ie ta ry  data. A  to ta l o f 478,535 partic ipants  were le ft fo r  analyses. A fte r a 
mean fo llo w -u p  o f 8.7 years, 1,830 partic ipan ts  w ere new ly  d iagnosed w ith  a firs t 
inc iden t lung cancer, i.e., 574 were classified as adenocarcinom as, 286 as sm all cell
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carcinom as, 137 as large cell carcinom as, and 363 as squam ous cell carcinom as; 256 
cases had o the r specified h is to log ies and the h is to log y  was not specified  fo r  214 
partic ipants. E ighty percent o f the tum ors  were m icroscop ica lly  con firm ed  o f w h ich  
82% h is to log ica lly  con firm ed  (65% o f the to ta l num ber o f cases).
Table 2.1 show s the frequency o f lung cancers included in the analysis by co un try  and 
gender. A denocarc inom as w ere m ore com m on in w om en (41%) than in men (28%), 
w h ile  squam ous cell carcinom as w ere m ore com m on am ong men (27%) than am ong 
w om en (14%). 0verall, 89% o f the lung cancer cases w ere ever sm okers; 98% o f the 
sm all cell carcinom as were ever sm okers versus 87% o f the adenocarcinom a cases. 
Selected characteris tics across qu in tiles  o f to ta l vegetab les and to ta l fru its  intake 
are show n in Table 2.2. W ith  increasing consum ption  o f vegetab les and o f fru its , the 
percentage o f w om en increases. A  h igher consum ption  o f vegetab les and fru its  was 
related to  a h igher intake o f energy bu t a low e r consum ption  o f red and processed 
meat. Those reporting  h igher consum ption  o f vegetab les and o f fru its  were m ore 
like ly  to be never sm okers and to  be phys ica lly  active.

Fruits and vegetables combined
Increasing fru it and vegetab le  consum ption  by 100 g/day was associated w ith  a borderline  
s ta tis tica lly  s ign ifican t hazard ratio  (HR) fo r  lung cancer o f 0.98 w ith  a 95% confidence 
in terva l (95% CI) o f0.96-1.00. A fte r  ca lib ra tion , a 100 g/day increase in fru it  and vegetab les 
consum ption  was associated w ith  a 6% reduction  in lung cancer risk. None o f the 
(un)calibrated risk estim ates fo r  the h is to log ica l subtypes o f cancer was s ta tis tica lly  
s ign ifican t (Table 2.4). There was no he te rogene ity  by co un try  (p fo r  in teraction  w ith  
co un try  was 0.94).
A m ong  cu rren t sm okers, a s ta tis tica lly  s ign ifican t inverse association was observed 
betw een consum ption  o f fru it  and vegetab les and lung cancer risk tha t rem ained 
s ta tis tica lly  s ign ifican t a fte r ca lib ra tion  (HR 0.93; 95% CI 0.90-0.97). A fte r ca lib ra tion , 
a 100 g/day increase in consum ption  o f fru it and vegetab les in cu rren t sm okers was 
associated w ith  a 15% reduction  in risk o f squam ous cell carcinom a, w h ile  no e ffects 
w ere seen fo r  the o ther h is to log ica l subtypes o f lung cancer (Table 2.4).

Fruits
In the categorica l analyses, consum ption  o f fru its  was s ta tis tica lly  s ign ifican tly  
inverse ly associated w ith  lung cancer risk (Table 2.3). Com pared to the low est 
qu in tile , the HR and 95% CI fo r  those in the h ighest qu in tile  o f consum ption  was 0.80 
(0.66-0.96) w ith  a s ta tis tica lly  s ign ifican t test fo r  trend (p-value 0.01). Suggestions of 
non -s ign ifican t low er risks w ith  increasing consum ption  o f fru its  w ere found  fo r  small 
cell, squam ous cell, and adenocarcinom as.
For cu rren t sm okers, results fo r  fru its  w ere consistent w ith  those o f the fu ll coho rt 
(p fo r  trend 0.04), w ith  strongest inverse association found  fo r  squam ous cell carcinom a 
(HR 0.61; 95% CI 0.34-1.10 com paring  h ighest qu in tile  w ith  the low est; p-trend=0.07). 
The test fo r  in te raction  w ith  sm oking  was borderline  s ign ifican t (p=0.09). No clear 
associations in fo rm e r and never sm okers w ere seen, not overall nor fo r  any o f the 
subtypes o f lung cancer fo r  w h ich  adequate num bers w ere available. S tra tifica tion  
by gender showed som ew hat s tronge r associations am ong w om en and a s ign ifican t 
decreasing risk trend  fo r  sm all cell carcinom a (p fo r  in te raction  w ith  gender was 0.50). 
Increasing fru it consum ption  w ith  100 g/day was associated w ith  a sm all borderline  
s ta tis tica lly  s ign ifican t low er risk o f lung cancer w h ich  was m ore pronounced fo r 
squam ous cell carcinom a (Table 2.4). The ca lib ra ted risk estim ates w ere som ew hat 
s tronge r bu t not s ta tis tica lly  s ign ifican t. Because linear analyses are m ore sensitive  
to  ou tlie rs , we perfo rm ed  a se n s itiv ity  analysis fo r  to ta l fru its  in the fu ll coho rt by
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subs titu ting  va lues h igher than 600 g / day w ith  the va lue o f 600 g/day (95 percentile  
o f to ta l fru it consum ption). We found  a s ligh tly  s tronge r unca libra ted hazard ratio  of 
0.96 w ith  95% CI o f 0.92-1.00 (p-value=0.03). A fte r  ca lib ra tion , h igher consum ption  
o f fru its  was s ta tis tica lly  s ign ifican tly  inverse ly associated w ith  the risk o f squam ous 
cell carcinom as in cu rren t sm okers (Table 2.4). 0ut o f all types o f fru its  tested, a fte r 
ca lib ra tion  on ly  consum ption  o f berries was inverse ly associated w ith  risk o f lung 
cancer (HR 0.78; 95% CI 0.63-0.96), w ith  no clear betw een subtypes o f lung cancer. 
An inverse association was found  betw een the consum ption  o f c itrus  fru its  and 
squam ous cell carcinom as in cu rren t sm okers, w h ich  was borderline  s ta tis tica lly  
s ign ifican t (Table 2.5).
To contro l fo r  potentia l changes in d ie t due to preclin ica l diseases, we excluded 
the firs t 2 years o f fo llo w -u p . The inverse association betw een fru it  consum ption  
and lung cancer risk became som ew hat s tronge r (HR 0.96; 95% CI 0.92-0.99 per 
100 g/day increase in consum ption) w ith  a ca lib ra ted continuous risk estim ate o f 0.92 
(95% CI 0.85-1.00) fo r  each 100 g/d increase in consum ption . A na lyz ing  be low  and 
above m edian fo llo w -u p  (8.5 years) separate ly showed resu lts com parab le  to the 
overall analyses fo r  be low  m edian fo llo w -u p  (uncalibrated HR 0.98, 95% CI 0.94-1.02 
per 100 g/day increase in consum ption) whereas no association was seen fo r  fo llo w - 
up periods longer than the mean o f 8.7 years (uncalibrated HR 1.00, 95% CI 0.91-1.10 
per 100 g/day increase in consum ption).

Vegetables
In categorica l and continuous analyses, consum ption  o f vegetab les was not 
associated w ith  risk o f lung cancer nor w ith  risk o f any o f the h is to log ica l subtypes 
(Tables 4, 6). However, in cu rren t sm okers a fte r ca lib ra tion , a s ta tis tica lly  s ign ifican tly  
inverse association w ith  the consum ption  o f to ta l vegetab les was seen, tha t was 
borderline  s ta tis tica lly  s ign ifican t on ly  fo r  risk o f squam ous cell carcinom as (Table 
2.4). The test fo r  in teraction  w ith  sm oking  was borderline  s ign ifican t (p 0.05).
0nly a fte r ca lib ra tion , consum ption  o f lea fy vegetab les was inverse ly associated 
w ith  lung cancer risk, w h ile  no s ta tis tica lly  s ign ifican t associations were seen fo r 
h is to log ica l subtypes o f lung cancer (Table 2.7). A lso  o n ly  a fte r ca lib ra tion , an increase 
in consum ption  o f cabbages o f 25 g / day was s ta tis tica lly  s ign ifican tly  inverse ly 
associated w ith  squam ous cell carcinom as. In cu rren t sm okers, none o f the subtypes 
o f vegetab les was s ta tis tica lly  s ign ifican tly  associated w ith  any o f the h is to log ica l 
subtypes o f lung cancer.
The results fo r  vegetab le  consum ption  did not change w hen we excluded the firs t
2 years o f fo llo w -u p  nor w hen we analyzed the coho rt be low  and above m edian 
fo llo w -u p  (8.5 years) separate ly (data not shown).
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Table 2.1: Incidence of lung cancer within the EPIC cohort, 1993-1998
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Women

France 741,203 129 18.4 4 0 0 0 1 124

Italy 257,356 60 29.2 29 7 9 0 9 6

Spain 241,319 23 10.3 12 0 1 8 2 0

Greece 108,501 11 2.1 4 1 0 1 2 3

United Kingdom 441,686 100 29.4 38 11 15 2 26 8

The Netherlands b 228,924 99 45.0 41 16 16 16 9 1

Germany 227,267 41 24.9 18 7 3 2 10 1

Sweden 271,071 116 45.2 47 19 21 23 5 1

Denmark 216,031 219 91.1 85 47 30 11 41 5

Norway 210,300 68 46.0 29 15 7 0 15 2

Total 2,943,660 866 42.7 307
(41%)c

123 102 
(17%)c (14%)c

63
(9%)c

120
(16%)c

151
(4%)c

Men

France d

Italy 118,770 77 97.0 27 11 17 4 11 7

Spain 153,853 109 86.2 29 18 30 16 9 7

Greece 73,446 79 107.2 18 11 15 1 12 22

United Kingdom 190,483 132 50.3 18 15 56 3 36 4

The Netherlands b 81,362 38 141.6 14 7 11 5 1 0

Germany 174,196 145 105.4 42 39 28 5 20 11

Sweden 229,535 139 62.6 46 25 32 31 3 2

Denmark 195,820 245 116.7 73 37 72 9 44 10

Norway d

1,217,466 QC/I 267 163 261 74 136 63Total 964 /6./ (28%) (17%) (27%) (8%) (14%) (7%)

a For each country (5-year) age-standardized (European standard population) incidence rates 
were computed for the common age band of 50 to 69 years of age; b One of the two Dutch EPIC 
centres (Utrecht) consists of women only; c Percentages based on data without France because 
of the large number of non specified tumours; d The France and Norwegian cohorts consist of 
women only
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Table 2.2: Baseline characteristics by quintiles of observed intake of total vegetables and of total 
fruits in mean (sd). The EPIC Cohort Study

Full
cohort

Total vegetable and fru it consumption a

1 2 3 4 5
Cut-off values quintiles 
(g/day) b -- < 221 222 -  330 331 -  453 454 -  635 > 636

General characteristics

Men (%) 30 44 32 26 22 26

Age at recruitment (year) 51
(9.9)

50
(9.7)

51
(9.8)

51
(9.8)

52
(9.8)

52
(10.4)

BMI (kg/m2) 25.4
(4.3)

25.4
(4.1)

25.3
(4.1)

25.1
(4.1)

25.2
(4.3)

26.0
(4.6)

Height (cm) 166.0
(8.9)

169.0
(9.1)

167.2
(8.9)

165.8
(8.7)

164.4
(8.4)

163.5
(8.4)

Weight (kg) 70.2
(13.7)

72.8
(14.1)

70.9
(13.7)

69.3
(13.3)

68.3
(13.1)

69.7
(13.5)

Physical active (%)c 41.0 45.7 46.3 46.1 46.4 52.6

Diet

Energy (kcal/day) 2084.6
(622.0)

1909.3
(609.2)

2006.7
(596.3)

2068.8
(590.5)

2142.6
(602.5)

2295.4 
(641.1)

Energy from fat sources 
(kcal/day)

749.0
(275.1)

694.7
(264.3)

716.7
(258.0)

729.3
(255.0)

754.4
(260.4)

849.8
(307.5)

Energy from non-fat sources 
(kcal/day)

1335.6
(407.0)

1214.6
(395.1)

1290.0
(383.5)

1339.5
(383.1)

1388.2
(398.2)

1445.5
(433.7)

Calibrated fru it consumption 
(g/day)

208.9
(108.5)

112.8
(47.4)

159.9
(56.9)

202.1
(66.4)

246.7
(77.3)

323.2
(129.6)

Calibrated vegetable 
consumption (g/day)

171.2
(54.3)

124.2
(29.0)

146.6
(31.9)

165.4
(36.8)

189.4
(41.9)

230.3
(55.7)

Alcohol non-consumers (%) 7.3 7.1 7.1 6.9 7.8 8.3

Alcohol consumption 
(g/day) d 6.6 7.1 7.1 6.9 6.5 5.3

Red and processed meat 
(g/day)

76.8
(51.7)

85.2
(52.7)

82.4
(52.1)

77.2
(51.3)

72.3
(50.2)

66.9
(50.0)

Smoking status (%)

Never smokers (%) 49 38 45 51 55 57

Former smokers (%) 27 26 28 28 26 24

Lifetime number of cigarettes 
(cig/day)

13.1
(9.3)

13.4
(9.3)

12.3
(8.6)

12.2
(8.4)

12.6
(8.7)

15.1
(10.8)

Smoke duration (years) 18.4
(11.1)

18.5
(11.2)

18.2
(11.1)

18.1
(11.0)

18.0
(10.9)

18.7
(11.1)

Time since quitting smoking 
(years)

15.2
(10.3)

14.6
(10.1)

15.3
(10.2)

15.5
(10.3)

15.6
(10.3)

14.7
(10.2)
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Table 2.2 (continued): Baseline characteristics by quintiles of observed intake of total vegetables 
and of total fruits in mean (sd). The EPIC Cohort Study

a Excluding juices, nuts, seeds and olives; b Calibrated interquintile range 258.2 -  486.1 gram/ 
day; c Physical active as defined by the Combined Total Physical Activity Index that categorizes 
the population into two activity levels based on a cross-tabulation of occupational activity by 
household and recreational activity; d Median consumption of alcohol excluding non-consumers
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Table 2.3: Fully adjusted3 hazard ratios for different histological subtypes of lung cancer by quintiles15 of observed fru it consumption fo r the full
cohort, by smoke status and by gender.

Fruit consumption 
(gram per day) Lung cancer Adenocarcinoma Small cell 

carcinoma
Large cell 
carcinoma

Squamous cell 
carcinoma

Full cohort (478,535) 1830 574 286 137 363
Q1 1.00 1.00 1.00 1.00 1.00
Q2 0.97 (0.85-1.11) 1.12 (0.89-1.41) 1.04 (0.76-1.42) 1.00 (0.61-1.63) 1.00 (0.75-1.32)
Q3 0.82 (0.71-0.96) 0.89 (0.68-1.17) 0.74 (0.50-1.10) 0.74 (0.41-1.34) 0.76 (0.54-1.07)
Q4 0.88 (0.74-1.03) 0.91 (0.67-1.22) 0.85 (0.55-1.32) 1.70 (1.00-2.88) 0.82 (0.56-1.20)
Q5 0.80 (0.66-0.96) 0.85 (0.60-1.19) 0.77 (0.46-1.27) 1.07 (0.54-2.14) 0.77 (0.50-1.19)

p for trend 0.01 0.20 0.21 0.39 0.16

Current smokers (107,415) 1167 336 235 102 249
Q1 1.00 1.00 1.00 1.00 1.00
Q2 0.96 (0.82-1.13) 0.94 (0.70-1.26) 1.16(0.82-1.62) 1.06(0.61-1.83) 0.99 (0.71-1.38)
Q3 0.74 (0.61-0.90) 0.84 (0.59-1.20) 0.70 (0.45-1.10) 0.72 (0.36-1.44) 0.67 (0.43-1.04)
Q4 0.89 (0.72-1.10) 0.82 (0.55-1.23) 0.88 (0.53-1.44) 1.88 (1.03-3.45) 0.82 (0.51-1.32)
Q5 0.79 (0.62-1.02) 0.86(0.54-1.36) 0.85 (0.48-1.51) 0.90 (0.38-2.16) 0.61 (0.34-1.10)

p for trend 0.04 0.39 0.37 0.59 0.07
Former smokers (127,530) 467 161 45° 25° 104

Q1 1.00 1.00 1.00
Q2 0.99 (0.75-1.31) 1.71 (1.05-2.76) 1.09 (0.60-1.95)
Q3 0.92 (0.68-1.23) 1.00 (0.58-1.74) 1.17 (0.64-2.15)
Q4 0.77 (0.55-1.08) 0.93 (0.51-1.69) 0.85 (0.41-1.76)
Q5 0.84 (0.59-1.21) 1.09 (0.57-2.09) 1.13 (0.55-2.34)

p for trend 0.24 0.53 0.90
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Table 2.3 (coninued): Fully adjusted3 hazard ratios for different histological subtypes of lung cancer by quintiles15 of observed fru it consumption for
the full cohort, by smoke status and by gender.

Fruit consumption 
(gram per day) Lung cancer Adenocarcinoma Small cell 

carcinoma
Large cell 
carcinoma

Squamous 
cell carcinoma

Never smokers (236,426) 187 76 2° 10c 9°

Q1 1.00 1.00

Q2 1.18 (0.67-2.09) 1.36 (0.58-3.22)

Q3 1.24 (0.71-2.15) 1.41 (0.59-3.34)
Q4 1.46 (0.84-2.53) 1.64 (0.68-3.94)
Q5 0.94 (0.50-1.77) 0.80 (0.28-2.31)

p for trend 0.63 0.48
Women (335,886) 866 307 123 63 102

Q1 1.00 1.00 1.00 1.00 1.00

Q2 0.91 (0.75-1.11) 1.01 (0.73-1.39) 1.04 (0.66-1.64) 0.57 (0.26-1.29) 0.95 (0.55-1.63)

Q3 0.77 (0.62-0.96) 0.92 (0.65-1.32) 0.47 (0.25-0.88) 0.86(0.39-1.93) 0.66 (0.34-1.28)

Q4 0.84 (0.67-1.06) 0.82 (0.55-1.22) 0.61 (0.32-1.15) 1.40 (0.66-2.98) 1.07 (0.57-2.00)
Q5 0.77 (0.59-1.00) 0.80 (0.51-1.27) 0.54 (0.25-1.19) 0.86 (0.31-2.37) 0.76 (0.33-1.76)

p for trend 0.06 0.23 0.04 0.61 0.67
Men (142,649) 267 163 74 261

Q1 1.00 1.00 1.00 1.00 1.00

Q2 1.03(0.86-1.23) 1.25 (0.90-1.74) 0.99 (0.64-1.53) 1.40 (0.76-2.60) 1.02 (0.73-1.42)

Q3 0.88 (0.71-1.08) 0.85 (0.56-1.29) 1.06(0.65-1.75) 0.54 (0.21-1.36) 0.82 (0.55-1.22)

Q4 0.92 (0.72-1.17) 1.06 (0.68-1.66) 1.16 (0.65-2.09) 1.81 (0.85-3.84) 0.71 (0.43-1.15)

Q5 0.82 (0.63-1.08) 0.93 (0.56-1.56) 1.04 (0.53-2.03) 1.12 (0.43-2.93) 0.77 (0.46-1.30)
p for trend 0.12 0.63 0.82 0.67 0.20

a Cox regression m odel ad justed fo r  vegetab le  consum ption , sm oking status, du ra tion  o f sm oking , life tim e  and baseline in tens ity  o f sm oking , tim e  since 
qu ittin g , energy intake, w e ig h t, he igh t, a lcoho l consum p tion , physical a c tiv ity  and school level; bCut po in t o f the qu in tiles  are (g/day): < 90; 91-155; 156-238; 
239-356; > 357; cToo fe w  cases to  get re liable  results
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Table 2.4: Fully adjusted3 hazard ratios for different histological subtypes of lung cancer by increasing observed and calibrated total fru it and
vegetable consumption (per 100 gram a day) for the full cohort, by smoke status and by gender.

Lung cancer Adenocarcinoma Small cell 
carcinoma

Large cell 
carcinoma

Squamous cell 
carcinoma

Full cohort (478,535) 
Fruit & vegetables

1830 
0.98 (0.96-1.00)

574
0.97 (0.93-1.02)

286
0.97 (0.91-1.05)

137
1.03 (0.94-1.13)

363
0.96(0.90-1.02)

Calibrated 0.94 (0.89-0.99) 0.96(0.88-1.05) 0.95 (0.83-1.09) 0.90 (0.75-1.08) 0.91 (0.81-1.02)
Fruit 0.97 (0.94-1.01) 0.96 (0.90-1.02) 0.94 (0.85-1.03) 1.06 (0.95-1.19) 0.93 (0.86-1.02)
Calibrated 0.94 (0.88-1.01) 0.93 (0.83-1.05) 0.94 (0.79-1.11) 1.01 (0.80-1.26) 0.89 (0.77-1.02)

Vegetables 0.99 (0.94-1.04) 0.99 (0.91-1.08) 1.04 (0.92-1.18) 0.95 (0.79-1.15) 1.00 (0.90-1.12)
Calibrated 0.94 (0.83-1.07) 1.04 (0.84-1.29) 1.03 (0.72-1.45) 0.69 (0.42-1.13) 0.93 (0.71-1.23)

Current smokers (107,415) 
Fruit & vegetables

1167
0.96(0.93-0.99)

336
0.93 (0.87-0.99)

235
0.96 (0.88-1.04)

102
1.03 (0.92-1.14)

249
0.94 (0.87-1.02)

Calibrated 0.93 (0.90-0.97) 0.95 (0.90-1.01) 0.96 (0.88-1.06) 0.92 (0.76-1.12) 0.85 (0.76-0.94)
Fruit 0.97 (0.93-1.02) 0.94 (0.86-1.03) 0.93 (0.83-1.04) 1.05 (0.93-1.20) 0.92 (0.83-1.03)
Calibrated 0.97 (0.92-1.02) 0.99 (0.91-1.08) 0.97 (0.86-1.10) 0.97 (0.77-1.22) 0.87 (0.77-0.98)

Vegetables 0.94 (0.88-1.01) 0.90 (0.79-1.03) 1.02 (0.87-1.18) 0.95 (0.75-1.20) 0.98 (0.85-1.13)
Calibrated 0.89 (0.82-0.97) 0.89 (0.77-1.02) 0.98 (0.82-1.17) 0.87 (0.55-1.38) 0.85 (0.72-1.00)

Former smokers (127,530) 
Fruit & vegetables

467
1.00(0.96-1.05)

161
1.01 (0.94-1.09)

45b 25b 104
1.00 (0.90-1.10)

Calibrated 0.97 (0.83-1.15) 0.95 (0.69-1.30) 0.96 (0.68-1.36)
Fruit 0.97 (0.91-1.04) 0.99 (0.88-1.11) 0.96(0.84-1.10)
Calibrated 0.95 (0.83-1.08) 0.91 (0.72-1.15) 0.98 (0.77-1.25)

Vegetables 1.04 (0.96-1.13) 1.04 (0.90-1.20) 1.06 (0.88-1.27)
Calibrated 1.06(0.86-1.30) 1.12 (0.78-1.62) 0.97 (0.63-1.50)

Never smokers (236,426) 
Fruit & vegetables

187
1.00 (0.93-1.07)

76 b 2b 10b 9b

Calibrated 1.02 (0.86-1.21)
Fruit 1.01 (0.92-1.11)
Calibrated 1.03 (0.82-1.30)

Vegetables 0.99 (0.87-1.12)
Calibrated 1.00 (0.69-1.43
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Table 2.4 (continued): Fully adjusted3 hazard ratios fo r d iffe ren t histological subtypes of lung cancer by increasing observed and calibrated total
fru it and vegetable consum ption (per 100 gram a day) fo r the fu ll cohort, by smoke status and by gender.

Lung cancer Adenocarcinoma Small cell 
carcinoma

Large cell 
carcinoma

Squamous cell 
carcinoma

Women (335,886) 
Fruit & vegetables

866
0.97 (0.93-1.01)

307
0.97 (0.91-1.04)

123
0.94 (0.84-1.05)

63 102
0.91 (0.80-1.04)

Calibrated 0.91 (0.83-0.99) 0.88 (0.75-1.02) 0.92 (0.72-1.17) 0.78 (0.60-1.02)
Fruit 0.96 (0.91-102) 0.97 (0.88-1.06) 0.83 (0.71-0.99) 0.93 (0.78-1.11)
Calibrated 0.91 (0.80-1.03) 0.84 (0.67-1.05) 0.69 (0.47-1.02) 0.88 (0.60-1.29)

Vegetables 0.98 (0.91-1.05) 0.98 (0.87-1.11) 1.12 (0.93-1.34) 0.88 (0.68-1.13)
Calibrated 0.92 (0.77-1.10) 0.94 (0.71-1.25) 1.65 (0.94-2.90) 0.59 (0.35-0.99)

Men (142,649) 
Fruit & vegetables

964
0.99 (0.96-1.02)

267
0.97 (0.91-1.04)

163
1.00 (0.92-1.09)

74 261
0.98 (0.91-1.04)

Calibrated 0.91 (0.85-0.98) 0.92 (0.79-1.06) 0.95 (0.78-1.15) 0.91 (0.79-1.05)
Fruit 0.98 (0.94-1.03) 0.95 (0.87-1.05) 1.00 (0.89-1.13) 0.94 (0.85-1.03)
Calibrated 0.92 (0.84-1.00) 0.88 (0.73-1.05) 1.01 (0.81-1.25) 0.87 (0.72-1.04)

Vegetables 1.00 (0.94-1.07) 1.01 (0.88-1.15) 1.00 (0.84-1.18) 1.04 (0.92-1.18)
Calibrated 0.94 (0.81-1.10) 1.10 (0.82-1.48) 0.87 (0.59-1.28) 1.05 (0.76-1.43)

3 Cox regression model adjusted for vegetable consumption, smoking status, duration of smoking, lifetime and baseline intensity of smoking, time 
since quitting, energy intake, weight, height, alcohol consumption, physical activity and school level; bToo few cases to get reliable results
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Table 2.5: Fully adjusteda hazard ratios for different histological subtypes of lung cancer by increasing observed and calibrated total fru it (per 100
gram a day) and fru it subgroup consumption (per 25 gram a day) fo r the fu ll cohort and current smokers separately.

Lung cancer 
(n=1830)

Adenocarcinoma
(n=574)

Small cell
carcinoma
(n=286)

Large cell 
carcinoma 
(n=137)

Squamous cell
carcinoma
(n=363)

Full cohort

Hard fru it 0.99 (0.97-1.01) 0.99 (0.96-1.02) 1.00 (0.96-1.05) 1.00 (0.95-1.06) 1.01 (0.97-1.04)

Calibrated 0.99 (0.96-1.02) 0.97 (0.92-1.02) 1.01 (0.95-1.09) 1.01 (0.90-1.13) 1.02 (0.96-1.07)

Stone fru itb 1.01 (0.97-1.06) 0.97 (0.89-1.06) 1.01 (0.88-1.16) 1.08 (0.92-1.27) 0.97 (0.86-1.10)

Calibrated 0.97 (0.90-1.06) 1.03 (0.91-1.18) 0.93 (0.75-1.15) 0.98 (0.73-1.32) 0.82 (0.68-1.00)

Berries0 1.07 (0.96-1.19) 1.02 (0.84-1.24) 1.13 (0.89-1.44) 1.10 (0.83-1.45) 1.08 (0.84-1.39)

Calibrated 0.78 (0.63-0.96) 0.76 (0.51-1.13) 0.88 (0.50-1.54) 0.76 (0.29-1.98) 0.72 (0.38-1.35)

Grapesbd 1.07 (0.99-1.15) 0.98 (0.82-1.18) 1.02 (0.78-1.32) e 0.92 (0.72-1.18)

Calibrated 1.00 (0.91-1.10) 0.87 (0.71-1.05) 1.02 (0.77-1.36) e 0.93 (0.75-1.14)

Citrus fru itf 0.99 (0.96-1.02) 0.95 (0.90-1.01) 0.95 (0.87-1.02) 1.05 (0.97-1.14) 0.94 (0.87-1.01)

Calibrated 0.99 (0.94-1.04) 0.97 (0.90-1.05) 0.96(0.86-1.07) 1.05 (0.89-1.23) 0.97 (0.89-1.07)

Citrus fru it incl juice0'-9 1.00 (0.98-1.01) 0.98( 0.95-1.01) 0.99 (0.96-1.03) 1.03 (0.98-1.09) 1.00 (0.96-1.04)

Calibrated 1.00 (0.98-1.03) 0.98 (0.93-1.02) 0.99 (0.95-1.04) 1.02 (0.94-1.09) 1.03 (0.99-1.08)
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Table 2.5 (continued): Fully adjusteda hazard ratios fo r different histological subtypes of lung cancer by increasing observed and calibrated total fru it
(per 100 gram a day) and fru it subgroup consumption (per 25 gram a day) for the full cohort and current smokers separately.

Lung cancer 
(n=1830)

Adenocarcinoma
(n=574)

Small cell
carcinoma
(n=286)

Large cell
carcinoma
(n=137)

Squamous cell
carcinoma
(n=363)

Current smokers

Hard fru it 1.00 (0.98-1.02) 0.99 (0.95-1.04) 1.00 (0.96-1.06) e 1.02 (0.98-1.07)

Calibrated 0.99 (0.97-1.01) 1.01 (0.97-1.04) 1.01 (0.96-1.06) e 0.99 (0.95-1.03)

Stone fru itb 0.97 (0.91-1.04) 0.94 (0.83-1.08) 1.04 (0.89-1.20) e 0.96(0.82-1.13)

Calibrated 0.99 (0.95-1.04) 1.03 (0.96-1.09) 1.03 (0.91-1.17) e 0.97 (0.88-1.07)

Berries0 0.97 (0.83-1.12) 0.88 (0.65-1.19) 1.19 (0.91-1.55) e 0.91 (0.62-1.34)

Calibrated 0.90 (0.78-1.04) 0.85 (0.69-1.04) 1.11 (0.76-1.62) e 0.87 (0.61-1.26)

Grapesbd 1.12 (1.03-1.21) 1.10 (0.93-1.31) 1.07 (0.80-1.42) e 0.99 (0.72-1.38)

Calibrated 0.99 (0.94-1.04) 1.01 (0.93-1.10) 0.89 (0.75-1.05) e 0.97 (0.85-1.10)

Citrus fru itf 0.99 (0.95-1.02) 0.96(0.89-1.03) 0.96 (0.88-1.05) e 0.89 (0.80-0.98)

Calibrated 1.01 (0.98-1.03) 0.99 (0.94-1.04) 1.03 (0.94-1.12) e 0.91 (0.84-1.00)

Citrus fru it incl juice0-'-9 1.00 (0.98-1.02) 0.98 (0.94-1.02) 0.99 (0.94-1.03) e 0.99 (0.94-1.04)

Calibrated 1.00 (0.98-1.02) 0.99 (0.96-1.04) 0.98 (0.94-1.02) e 1.02 (0.97-1.06)
a Cox regression model adjusted for vegetable consumption, smoking status, duration of smoking, lifetime and baseline intensity of smoking, time 
since quitting, energy intake, weight, height, alcohol consumption, physical activity and school level; b Umeâ and Norway excluded because of 
missing data;c United Kingdom and Norway excluded because of missing data;d Denmark excluded because of missing data; 
eToo few cases to get reliable results;f Spain excluded because of missing data;9 France and Naples excluded because of missing data
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g  Table 2.6: Fully adjusteda hazard ratios for different histological subtypes of lung cancer by quintiles of observed vegetable consumption fo r the full
cohort, by smoke status and by gender.

Vegetable consumption 
(gram per day) Lung cancer Adenocarcinoma Small cell 

carcinoma
Large cell 
carcinoma

Squamous cell 
carcinoma

Full cohort (478,535) 1830 574 286 137 363

Q1 1.00 1.00 1.00 1.00 1.00
Q2 1.00 (0.87-1.14) 0.89 (0.70-1.12) 1.17 (0.85-1.62) 0.76(0.47-1.21) 1.05 (0.78-1.40)

Q3 0.94 (0.82-1.09) 0.86 (0.67-1.11) 1.09 (0.76-1.56) 0.84 (0.51-1.38) 0.83 (0.59-1.16)

Q4 0.94 (0.80-1.11) 0.91(0.68-1.21) 1.18 (0.77-1.79) 0.81(0.45-1.46) 0.97 (0.68-1.39)

Q5 0.96(0.79-1.17) 1.10 (0.78-1.55) 1.17 (0.67-2.02) 0.81 (0.38-1.72) 0.96(0.62-1.50)

p for trend 0.58 0.66 0.57 0.55 0.75
Current smokers (107,415) 1167 336 235 102 249

Q1 1.00 1.00 1.00 1.00 1.00

Q2 1.13 (0.96-1.32) 0.98 (0.73-1.31) 1.23 (0.86-1.76) 0.95 (0.57-1.61) 1.31 (0.94-1.82)

Q3 0.90 (0.75-1.08) 0.83 (0.59-1.16) 1.19 (0.80-1.77) 0.90 (0.50-1.62) 0.69 (0.44-1.06)

Q4 0.94 (0.77-1.16) 0.94 (0.64-1.37) 1.41 (0.90-2.21) 0.79 (0.38-1.65) 1.00 (0.64-1.55)
Q5 0.87 (0.66-1.13) 0.89 (0.54-1.48) 0.84 (0.42-1.69) 0.80 (0.30-2.14) 0.87 (0.47-1.59)

p for trend 0.15 0.55 0.87 0.56 0.39
Former smokers (127,530) 467 161 45b 25b 104

Q1 1.00 1.00 1.00
Q2 0.79 (0.59-1.07) 0.90 (0.57-1.44) 0.54 (0.27-1.09)
Q3 1.00 (0.74-1.34) 0.85 (0.52-1.40) 1.23 (0.67-2.27)

Q4 0.81 (0.58-1.13) 0.70 (0.40-1.24) 0.89 (0.45-1.78)

Q5 1.04 (0.73-1.49) 1.13 (0.62-2.06) 1.06 (0.51-2.23)

p for trend 0.62 0.77 0.54
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Table 2.6 (continued): Fully adjusted3 hazard ratios fo r different histological subtypes of lung cancer by quintiles of observed vegetable consumption
for the fu ll cohort, by smoke status and by gender.

Vegetable consumption 
(gram per day) Lung cancer Adenocarcinoma Small cell 

carcinoma
Large cell 
carcinoma

Squamous cell 
carcinoma

Never smokers (236,426) 187 76 2b 10b 9b

Q1 1.00 1.00
Q2 0.59 (0.34-1.02) 0.46 (0.21-1.04)

Q3 0.96 (0.59-1.58) 0.96(0.48-1.92)

Q4 0.99 (0.59-1.66) 1.04 (0.48-2.24)

Q5 0.81 (0.46-1.45) 1.32 (0.55-3.17)
p for trend 0.90 0.24
Women (335,886) 866 307 123 63 102

Q1 1.00 1.00 1.00 1.00 1.00

Q2 0.85 (0.70-1.05) 0.90(0.65-1.25) 0.93 (0.57-1.54) 0.50 (0.23-1.12) 0.87 (0.51-1.49)

Q3 0.91 (0.74-1.12) 0.93 (0.66-1.30) 0.81 (0.47-1.40) 1.10 (0.55-2.20) 0.80 (0.44-1.45)

Q4 0.93 (0.74-1.16) 0.98 (0.67-1.44) 0.92 (0.49-1.75) 1.56(0.72-3.35) 0.95 (0.48-1.85)
Q5 0.89 (0.68-1.17) 1.05 (0.66-1.69) 1.51 (0.71-3.21) 0.95 (0.31-2.97) 0.64 (0.24-1.70)

p for trend 0.60 0.76 0.45 0.41 0.45
Men (142,649) 964 267 163 74 261

Q1 1.00 1.00 1.00 1.00 1.00
Q2 1.14 (0.95-1.36) 0.88 (0.63-1.24) 1.42 (0.92-2.18) 1.02 (0.57-1.83) 1.15 (0.81-1.63)
Q3 0.97 (0.79-1.19) 0.78 (0.53-1.16) 1.38 (0.85-2.24) 0.65 (0.31-1.38) 0.85 (0.57-1.28)

Q4 0.95 (0.75-1.20) 0.84(0.54-1.30) 1.48 (0.84-2.60) 0.36(0.13-0.99) 1.01 (0.66-1.54)

Q5 1.04 (0.79-1.37) 1.20 (0.72-1.99) 0.97 (0.45-2.13) 0.65 (0.23-1.81) 1.09 (0.66-1.82)

p for trend 0.89 0.66 0.79 0.14 0.88

a Cox regression model adjusted for vegetable consumption, smoking status, duration of smoking, lifetime and baseline intensity of smoking, time 
since quitting, energy intake, weight, height, alcohol consumption, physical activity and school level; b Cut point of the quintiles are (g/day): < 97; 
98-146; 147-208; 209-306; > 307. bToo few cases to get reliable results
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Table 2.7: Fully adjusted3 hazard ratios fo r different histological subtypes of lung cancer by increasing observed and calibrated total vegetables (per
100 gram a day) and vegetable subgroup consumption (per 25 gram a day) fo r the fu ll cohort and current smokers separately.

Lung cancer 
(n=1830)

Adenocarcinoma
(n=574)

Small cell 
carcinoma 

(n=286)

Large cell 
carcinoma 

(n=137)

Squamous cell 
carcinoma 

(n=363)

Full Cohort

Leafy vegetables15 0.99 (0.94-1.03) 1.01 (0.93-1.11) 0.96(0.82-1.13) (0.87-1.18) 0.96(0.85-1.08)

Calibrated 0.85 (0.74-0.98) 0.86 (0.67-1.11) 0.91 (0.62-1.33) 0.78 (0.49-1.25) 0.94 (0.70-1.26)

Fruiting vegetables 1.00 (0.98-1.03) 0.98 (0.94-1.04) 1.04 (0.97-1.10) 0.92 (0.82-1.02) 1.04 (0.98-1.10)

Calibrated 0.99 (0.94-1.05) 0.99 (0.89-1.10) 1.07 (0.92-1.24) 0.81 (0.64-1.02) 1.05 (0.92-1.21)

Cabbage0 1.00 (0.96-1.05) 1.03 (0.94-1.12) 1.01 (0.87-1.14) 0.97 (0.79-1.20) 0.98 (0.89-1.09)

Calibrated 1.06 (0.95-1.18) 1.24 (1.01-1.52) 1.11 (0.84-1.47) 0.87 (0.57-1.34) 0.77 (0.61-0.97)

Root vegetables 1.01 (0.97-1.06) 1.04 (0.97-1.12) 0.96 (0.84-1.09) 1.05 (0.90-1.23) 1.06 (0.97-1.17)

Calibrated 0.99 (0.89-1.11) 1.10 (0.95-1.27) 0.87(0.68-1.11) 1.03 (0.66-1.60) 1.10 (0.91-1.33)

Mushrooms150 0.82 (0.68-1.00) 0.91 (0.64-1.29) 0.97 (0.60-1.57) 0.32 (0.09-1.10) 0.48 (0.28-0.81)

Calibrated 0.96 (0.62-1.50) 0.85 (0.39-1.83) 0.90 (0.32-2.53) 0.23 (0.03-1.98) 0.57 (0.22-1.45)

Onion and GarMcb'od 0.95 (0.84-1.06) 1.00 (0.82-1.22) 1.05 (0.80-1.38) 0.70 (0.43-1.13) 0.90 (0.70-1.15)

Calibrated 0.92 (0.71-1.18) 1.14 (0.72-1.78) 0.71 (0.36-1.38) 0.59 (0.22-1.55) 0.89 (0.52-1.52)
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Table 2.7 (continued): Fully adjusted3 hazard ratios fo r different histological subtypes of lung cancer by increasing observed and calibrated total
vegetables (per 100 gram a day) and vegetable subgroup consumption (per 25 gram a day) for the full cohort and current smokers separately.

Lung cancer 
(n=1830)

Adeno-ca rei noma 
(n=574)

Small cell carcinoma 
(n=286)

Large cell carcinoma 
(n=137)

Squamous cell 
carcinoma 

(n=363)

Current smokers

Leafy vegetables15 0.97 (0.91-1.04) 1.02 (0.90-1.15) 0.94 (0.79-1.12) e 0.98 (0.84-1.13)

Calibrated 0.96 (0.90-1.02) 0.92 (0.81-1.05) 1.11 (0.91-1.35) e 0.96(0.80-1.14)

Fruiting vegetables 1.01 (0.97-1.04) 0.96(0.90-1.04) 1.03 (0.95-1.12) e 1.04 (0.97-1.11)

Calibrated 0.97 (0.94-1.00) 0.97 (0.93-1.02) 0.98 (0.91-1.05) e 0.98 (0.92-1.04)

Cabbage0 1.00 (0.93-1.08) 1.07 (0.94-1.22) 0.96(0.81-1.14) e 0.90 (0.76-1.06)

Calibrated 0.96 (0.91-1.01) 0.99 (0.93-1.06) 1.06 (0.92-1.23) e 0.94 (0.85-1.04)

Root vegetables 0.97 (0.91-1.04) 0.96(0.85-1.08) 0.98 (0.85-1.14) e 1.09 (0.97-1.23)

Calibrated 1.01 (0.94-1.08) 1.01 (0.92-1.10) 0.93 (0.78-1.10) e 1.05 (0.91-1.21)

Mushrooms150 0.75 (0.57-0.99) 0.86(0.53-1.40) 1.09(0.63-1.91) e 0.37 (0.18-0.78)

Calibrated 1.12 (0.86-1.46) 1.03 (0.58-1.83) 0.88 (0.42-1.84) e 0.90 (0.48-1.67)

Onion and GarMcb'od 0.95 (0.82-1.10) 0.98 (0.75-1.27) 1.13 (0.85-1.51) e 1.00 (0.75-1.34)

Calibrated 0.98 (0.86-1.11) 0.93 (0.75-1.15) 1.01 (0.75-1.38) e 1.04 (0.82-1.32)

3 Cox regression model adjusted for fruit consumption, smoking status, duration of smoking, lifetime and baseline intensity of smoking, time since 
quitting, energy intake, weight, height, alcohol consumption, physical activity and school level; bNorway excluded because of missing data; cUmeá 
excluded because of missing data;d France excluded because of missing data; eToo few cases to get reliable results
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Discussion
In line w ith  the previous EPIC s tudy on fru it and vegetab le  consum ption  and lung 
cancer risk,8 we too  found  inverse associations betw een the consum ption  of 
vegetab les and fru its  com bined and o f fru its  and risk o f lung cancer. In th is  study, we 
a dd itiona lly  looked at fru it  and vegetab le  consum ption  and the d iffe ren t h is to log ica l 
subtypes o f lung cancer. However, we did not see a clear e ffec t o f consum ption  of 
fru it  and/or vegetab les on risks fo r  specific  h is to log ica l subtypes o f lung cancer. In 
cu rren t sm okers, we found  tha t the consum ption  o f vegetab les and fru its  com bined 
and separate ly m ay reduce lung cancer risk, in pa rticu la r the risk o f squam ous cell 
carcinom a. Several inverse associations betw een subgroups o f fru its  and o f vegetab les 
and risk o f (types of) lung cancer w ere seen, i.e., betw een leafy vegetab les and berries 
and overall lung cancer; betw een cabbages and squam ous cell carcinom as; in curren t 
sm okers betw een c itrus fru its  and squam ous cell carcinom as.
The 2007 WCRF/AICR expert report, inc lud ing  o n ly  the firs t EPIC pub lica tion  on fru it 
and vegetab le  consum ption  and lung cancer risk by M ille r e t al.,6 concluded tha t the 
evidence o f a inverse re la tionsh ip  betw een increased fru it consum ption  and decreased 
lung cancer risk is consistent and tha t there  is a dose -response  re la tionsh ip  both 
found  in coho rt and case -con tro l s tud ies .2 Our s tudy is in line w ith  these find ings. 
Intake o f fru its  was inverse ly related to  the risk o f lung cancer in categorica l bu t not 
con tinuous analyses, but th is  d iffe rence  could be expla ined by the e ffec t o f outliers. 
Out o f 6 types o f fru its , o n ly  intake o f berries was inverse ly related to  lung cancer risk. 
Two previous Finish co ho rt stud ies found  oppos ite  results fo r  the e ffec t o f berries 
on lung cancer risk.14, 15 On the o ther hand, stud ies on the intake o f vegetab les and 
risk o f to ta l lung cancer have been inconsistent. Some found  an inverse association 
w h ile  o thers have not been able to  reproduce these find ings. A  p ro tective  e ffect 
o f to ta l vegetab le  consum ption  was also not observed in the s tudy by M ille r e t al. 
and o the r p revious inves tiga tions .6, 16-19 Vegetables are genera lly  considered as food  
item s tha t are not ve ry  easy to  assess in food  frequency questionna ires (as w ell as 
in o the r m ethods o f d ie ta ry  assessment). Indeed, w ith in  the EPIC va lida tion  studies, 
the co rre la tion  coe ffic ien ts  fo r  to ta l vegetab le  consum ption  w ere in general low er 
than those fo r  fru its .20 In our study, no evidence as seen fo r  the consum ption  of 
to ta l vegetab les and overall lung cancer risk w ith  HR 0.99 and 95% CI 0.94-1.04. 
A fte r ca lib ra tion , th is  e ffec t was som ew hat s tronge r but s till not s ta tis tica lly  
s ign ifican t. However, a fte r ca lib ra tion , we did find  a 15% decrease in lung cancer 
risk w ith  an increased consum ption  o f lea fy vegetab les o f 25 g / day. This is in 
agreem ent w ith  the m eta-analysis based on three co ho rt s tud ies16, 21 perfo rm ed by 
WCRF/AICR tha t found  an overall RR o f 0.91 (95% CI 0.90-0.93) w ith  increm ents of
I se rv ing /day o f green lea fy vegetab les, a lthough th is  resu lt m a in ly  depends on 
one large coho rt s tudy from  Japan.21 The expert panel o f WCRF/AICR also found  
substantia l evidence tha t food  conta in ing  caro teno ids, like carrots, p robab ly  p ro tect 
aga inst lung cancer. However, we did not find  any association betw een increased root 
vegetab le  consum ption  and lung cancer risk.
Due to  a larger num ber o f cases, we w ere able to focus on risks o f h is to log ica l 
subgroups o f lung cancer. Few previous coho rt studies have analyzed the e ffec t of 
fru its  and vegetab les on d iffe re n t h is to log ica l subtypes o f lung tum ors .7 22-24 M ost 
stud ies have d iv ided  lung tum ors  in to  tw o  groups; K reyberg I (com pris ing  sm all cell 
carcinom as, squam ous cell carcinom as, and large cell carcinom as) and Kreyberg
II (adenocarcinom as). There w ere ind ica tions tha t fru its  and vegetab les were 
m ore pro tective  fo r  non-adenocarcinom as (Kreyberg I) than fo r  adenocarcinom as 
(Kreyberg II). V oorrips e t a l.22 found  a p ro tective  e ffect o f high intake o f fru its  in 
K reyberg I tum ors. In the s tudy  o f S ku lado ttir e t a l.,23 a p ro tective  e ffec t was found
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fo r  fru its  on squam ous cell carcinom as, and an inverse association was found  fo r 
vegetab les on sm all cell carcinom as. No association fo r  the intake o f fru its  and 
vegetab les and any h is to log ica l subtypes o f lung cancer w ere reported  by Liu e t al?7 
and Feskanich e t a l1  Some case -con tro l studies have also reported tha t vegetab les 
p lay a m ore benefic ia l role fo r  non-adenocarcinom as than fo r  adenocarc inom as.25, 26 
S till, it is d iff ic u lt to com pare the studies because o f d iffe ren t c lassifica tions fo r  lung 
cancer subtypes, and because m ost stud ies have on ly  a sm all num ber o f cases fo r 
analyses. In ou r study, on ly  80% o f the tum ors  were m icroscop ica lly  con firm ed  of 
w h ich  82% h is to log ica lly . This le ft us w ith  470 cases tha t could not be categorized 
in one o f the fo u r h is to log ica l subgroups o f lung cancer. H igher m icroscop ic  and 
h is to log ica l con firm a tion  rates w ou ld  have given our analyses m ore power. We did 
not observe s ta tis tica lly  s ign ifican t inverse associations betw een consum ption  of 
f ru it  and /or vegetab les and risks o f the h is to log ica l sub- types o f lung cancer.
M any studies (re trospective  and prospective) have ind icated a clear p ro tective  e ffect 
o f fru it and vegetab les on lung cancer risk am ong cu rren t sm okers only.7 These studies 
suggested tha t an tiox idan ts  from  vegetab les and fru its  s tron g ly  reduce the oxidative  
stress due to sm oking. By contrast, o thers have found  a s tronge r p ro tective  e ffec t of 
fru its  am ong non-sm okers. It is argued tha t the inverse association am ong curren t 
sm okers seen in some studies m ig h t be due to residual con found ing  by sm ok ing .23 
In our study, am ong cu rren t sm okers, inverse e ffects w ere seen fo r  fru it  and vegetab les 
consum ption  com bined and separate ly and lung cancer risk, w h ich  is in line w ith  the 
previous s tudy o f Linseisen et a l.8 w ith in  the EPIC co ho rt and w ith  the pooled analyses 
o f coho rt stud ies pub lished by Sm ith -W arner e t al. 2003.7 A dd itiona lly , we were able 
to  c lass ify  risks by sm oking  status. In cu rren t sm okers, s ta tis tica lly  (borderline) 
s ign ifican t inverse associations em erged betw een the consum ption  o f fru it  and 
vegetab les com bined and separately, and o f c itrus fru its  and risk o f squam ous cell 
carcinom as, the type  o f lung cancer m ost s tron g ly  related to sm oking.
Im po rtan t advantages o f our coho rt s tudy are its size and the large he te rogene ity  
o f fru it and vegetab le  consum ption , caused by the inc lus ion  o f partic ipan ts  liv ing  in 
coun tries from  the north  to  the south o f Europe. However, desp ite  using EPIC-wide cut 
po in ts fo r  construc tion  o f ca tegories because o f m ethodo log ica l d iffe rences between 
the partic ipa ting  countries, analyses w ere s tra tified  by s tudy  center. To som e exten t, 
th is  counteracts the advantage o f the large he te rogene ity  in d ie ta ry  exposures. 
A lthough  evidence is accum ula ting  tha t a d ie t rich in vegetab les and fru its  m ay 
indeed p ro tect aga inst lung cancer especia lly risk o f squam ous cell carcinom a in 
cu rren t sm okers, the m any associations tested in ou r s tudy need to be replicated in 
independen t large coho rt studies to  fu rth e r investiga te  the role o f types o f fru it and 
vegetab les in the deve lopm ent o f h is to log ica l subtypes o f lung cancer.
In conclusion, w e found  inverse associations betw een the consum ption  o f vegetab les 
and fru its  com bined and o f fru its  and risk o f lung cancer w ith o u t a clear e ffec t on 
risks fo r  h is to log ica l subtypes o f lung cancer. In cu rren t sm okers, consum ption  
o f vegetab les and fru its  com bined and separate ly m ay reduce lung cancer risk, in 
pa rticu la r risk o f squam ous cell carcinom as a lthough residual con found ing  by 
sm oking  cannot be ruled out.
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Abstract

Background
We investigated w he the r a varied consum ption  o f vegetab les and fru its  is associated 
w ith  low er lung cancer risk in the European Prospective Investigation  in to  Cancer and 
N u trition  study.

Methods
A fte r a mean fo llo w -u p  o f 8.7 years, 1,613 o f 452,187 partic ipan ts  w ith  com plete  
in fo rm a tion  were diagnosed w ith  lung cancer. D iet d ive rs ity  scores (DDS) w ere used 
to  q ua n tify  the va rie ty  in fru it and vegetab le  consum ption . M u ltiva riab le  p ropo rtiona l 
hazards m odels w ere used to  assess the associations betw een DDS and lung cancer 
risk. A ll m odels w ere adjusted fo r  sm oking  behaviour and the to ta l consum ption  of 
f ru it  and vegetables.

Results
W ith  increasing va rie ty  in vegetab le  subgroups, risk o f lung cancer decreases [hazard 
ratios (HR) 0.77; 95% confidence in terva l (CI) 0.64-0.94 h ighest versus low est quartile ; 
P trend=0.02]. This inverse association is restric ted  to  cu rren t sm okers (HR 0.73; 95%CI 
0.57-0.93 h ighest versus low est quartile ; P trend=0.03). In con tinuous analyses, in 
cu rren t sm okers, low er risks were observed fo r  squam ous cell carcinom as w ith  m ore 
va rie ty  in fru it  and vegetab le  p roducts  com bined (HR/two p roducts  0.88; 95%CI 0.82
0.95), vegetab le  subgroups (HR/subgroup 0.88; 95%CI 0.79-0.97), vegetab le  p roducts 
(HR/two p roducts  0.87; 95%CI 0.79-0.96), and fru it p roducts  (HR/two p roducts  0.84; 
95%CI 0.72-0.97).

Conclusion
Varie ty in vegetab le  consum ption  was inverse ly associated w ith  lung cancer risk 
am ong cu rren t smokers. Risk o f squam ous cell carcinom as was reduced w ith  
increasing va rie ty  in fru it  and/or vegetab le  consum ption , w h ich  was m a in ly  d riven by 
the e ffec t in cu rren t smokers.
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Introduction
Lung cancer is one o f the m ost com m on cancers in hum ans. In h igh-incom e 
countries, due to declin ing  sm oking  rates in the past decades, age-adjusted rates of 
lung cancer are decreasing am ong men, w hereas rates are increasing in m any low - 
incom e countries. In w om en, incidence rates are low er (globally, the age-standardized 
incidence rate is 12.1 per 100,000 w om en com pared w ith  35.5 per 100,000 men)1, 2, 
bu t rates am ong w om en are ris ing in m any coun tries .3 The m ajor risk fa c to r fo r  lung 
cancer is tobacco sm oking .3, 4
Vegetable and fru it consum ption  has been hypothesized to influence lung cancer 
risk. The 2007 W orld  Cancer Research Fund/Am erican Institu te  fo r  Cancer Research 
expe rt report "Food, N u trition , Physical A c tiv ity , and the Prevention o f Cancer: a 
G lobal Perspective" concluded tha t fru its  p robab ly  p ro tec t aga inst lung cancer and 
tha t there  is on ly  lim ited  evidence suggesting  tha t non-sta rchy vegetab les, se lenium , 
and foods conta in ing  it p ro tect aga inst lung cancer.1 The re la tionsh ip  betw een lung 
cancer incidence and fru it  and vegetab le  consum ption  was p rev ious ly  investigated 
w ith in  the European Prospective Investigation  in to  Cancer and N u trition  (EPIC) study. 
A  reduced risk o f lung cancer was found  w ith  a high consum ption  o f f ru it .5-7 A lso , a 
reduced risk was found  w ith  a high vegetab le  consum ption  in cu rren t sm okers.6, 7 
No clear re la tionsh ip  betw een fru it and vegetab le  consum ption  and h is to log ic  
subtypes o f lung cancer was observed.7 In cu rren t sm okers, the consum ption  of 
vegetab les and fru its  seemed to  s ligh tly  reduce lung cancer risk, in particu lar, the 
risk o f squam ous cell carcinom as, but residual con found ing  by sm oking  could not be 
ruled out.
None o f the studies on fru it and vegetab le  consum ption  and lung cancer risk evaluated 
a potentia l role o f the d ive rs ity  in fru it  and vegetab le  consum ption . D iffe ren t fru its  
and vegetab les conta in  m any d iffe ren t b ioactive  com pounds. None o f these b ioactive  
com pounds is found  to be so le ly  responsib le  fo r  reducing cancer risk.1 S im p ly  looking 
at the q ua n tity  o f fru it  and vegetab le  consum ption  m igh t there fore  not fu lly  capture 
the m echanism s responsib le  fo r  decreasing cancer risk. Looking at the d ive rs ity  of 
fru it  and vegetab le  consum ption , re flecting  an intake o f m any d iffe re n t b ioactive  
com pounds present in fru its  and vegetab les, m ig h t com p lem en t the research on fru it 
and vegetab le  consum ption  and cancer risk.
Diet d ive rs ity  scores (DDS) are freq ue n tly  used to  m easure d ie t varie ty. The DDS usua lly 
measures the num ber o f d iffe ren t predefined food  groups eaten over a certa in  period 
o f tim e, but it can also be used to measure the va rie ty  w ith in  a specific  food  g roup .8 
The DDS fo r  to ta l d ie t and specific  food  groups has a lready been associated w ith  risks 
o f several cancers like co lo rec ta l,8-11 gastric,12 breast,13 oral and pharyngeal cancer,14, 15 
and squam ous cell oesophageal cancer.16 In all but one o f these studies,11 decreased 
risks w ere reported w ith  increased va rie ty  in d ie t especia lly w ith  increased d ive rs ity  
in vegetab le  consum ption .
The purpose o f th is  s tudy is to evaluate the associations betw een the va rie ty  in fru it  and 
vegetab le  consum ption , independen t from  the to ta l fru it  and vegetab le  consum ption  
and the risk o f p rim a ry  lung cancer am ong partic ipants  in the EPIC study.

Materials and Methods

Study participants
EPIC is an ongoing  m u lticen te r coho rt s tudy designed to  investigate  the re la tionsh ips 
betw een d ie t, lifes ty le  and env ironm enta l fac to rs , and the incidence o f cancer.
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The to ta l coho rt consists o f coho rts  o f men and w om en recruited from  23 centres in 
10 European countries: Denmark, France, Germany, Greece, Italy, the Netherlands, 
Norway, Spain, Sweden, and the United K ingdom . The popu la tions and m ethods 
have been described in fu ll e lsewhere.17 In brief, the EPIC coho rt consists o f 521,468 
subjects, m os tly  ages 25 to  70 years, recruited during  the period 1991 to 2000 m ostly  
from  the general popu la tion  resid ing in a specific  geographic area, a tow n , o r a 
province. As a rule, those w ho  partic ipa ted  signed an in fo rm ed consent fo rm , and 
d ie t and lifes ty le  questionna ires w ere m ailed to  them , except in all Spanish centres, 
Greece, and Ragusa (Italy) w here in te rv iew er-adm in is te red  questionna ires were used. 
In m ost countries, s tudy  subjects w ere inv ited  to  v is it a centre fo r  b lood co llection  
and an th ropom etric  m easurem ents and to de liver the com ple ted d ie t and lifes ty le  
questionna ires.17

Diet and lifestyle questionnaires
A t baseline, usual d ie t before  en ro llm en t was m easured by coun try -spec ific  va lidated  
questionna ires designed to capture local d ie ta ry  habits. A lthough  the design of 
the questionna ires was based on the same general fo rm a t, there  were d iffe rences 
betw een the questionna ires used in several countries. Extensive se lf-adm in iste red  
quan tita tive  d ie ta ry  questionna ires w ere used in northe rn  Italy, the Netherlands, 
Germany, and Greece. In France, Spain, and Ragusa (Italy), questionna ires s im ila r 
to  the d ie ta ry  questionna ires, bu t s tructu red  by meals, were used. To increase 
com pliance, the centres in Spain and Ragusa did a face-to-face d ie ta ry  in te rv ie w  using 
a com puterized d ie ta ry  p rogram . Sem iquantita tive  food  frequency questionna ires 
w ith  the same standard po rtion  assigned to  all pa rtic ipan ts  w ere used in Denmark, 
Norway, Naples (Italy), and Umeâ (Sweden). In the United K ingdom , a sem iquantita tive  
food  frequency questionna ire  and a 7-day record w ere used.17 Details o f food  item s 
included in the selected vegetab les and fru its  subgroups used in the analysis have 
been reported in fu ll by Agudo  e t al.18
Lifesty le  questionna ires included questions on education, occupation, m edical 
h is tory, life tim e  h is to ry  o f consum ption  o f tobacco, a lcoho lic  beverages, and 
physical ac tiv ity .17

DDS for vegetable and fruit consumption
C ountry-spec ific  d ie ta ry  questionna ires d iffe red  in the num ber o f vegetab les and fru its  
included. To im prove  be tw een -coun try  co m p a rab ility  o f the scores, we decided to 
on ly  select vegetab le  and fru it  p roducts  asked about in fo u r or m ore coun try -spec ific  
d ie ta ry  questionna ires, th is  included the m a jo rity  o f products. We w ere not able to 
use data from  the M alm ö centre (Sweden) because the frequency o f consum ption  
data was not availab le in the centra l data set.
Based on the baseline d ie ta ry  questionna ires, fo u r d iffe ren t DDS w ere calculated: 
DDSvegfr (range 0-40) counts the to ta l num ber o f d iffe re n t vegetab le  and fru it 
p roducts  eaten at least once in 2 weeks. DDSveggr (range 0-8) counts the tota l 
num ber o f d iffe ren t vegetab le  subgroups eaten at least once in 2 weeks. The e ight 
subgroups o f vegetab les used were: lea fy vegetab les, fru it in g  vegetab les, root 
vegetab les, cabbages, m ushroom s, grain and pod vegetab les, on ion and garlic, 
and sta lk vegetab les.19 DDSvegpr (range 0-26) counts the to ta l num ber o f d iffe ren t 
vegetab le  p roducts eaten at least once in 2 weeks. DDSfr (range 0-14) counts the to ta l 
num ber o f d iffe ren t fru it  p roducts  eaten at least once in 2 weeks. The consum ption  
o f vegetab les did not include legum es, pota toes, and o ther tubers. The consum ption  
o f f ru it  included fresh , dried , and canned fru its  bu t excluded nuts, seeds, and olives.
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End points
Follow -up was based on popula tion-based cancer reg istries in seven o f the 
p a rtic ipa ting  countries: Denmark, Italy, Netherlands, Spain, Sweden, United K ingdom , 
and Norway. In France, Germany, and Greece, a com b ina tion  o f m ethods was used, 
inc lud ing  health insurance records, cancer and pa tho logy  hosp ita l reg istries, and 
active fo llo w -u p . M o rta lity  data were also co llected from  reg istries at the regional or 
national level.17 C ensoring dates fo r  com ple te  fo llo w -u p  w ere betw een Decem ber 2002 
and Decem ber 2005. For G erm any and Greece, the end o f fo llo w -u p  was considered 
to  be the last known contact, the date o f d iagnosis o r the date o f death, w hich  ever 
came firs t.
Cancer o f the lung was defined as code C34 o f the 10th revis ion o f the In ternationa l 
S tatistica l C lassification o f Diseases, In juries and Causes o f Death. Based on the 
m o rph o lo gy  codes o f the WHO In te rnationa l H isto log ica l C lassification o f Tum ours 
h is to log ica l types were c lassified in to  fo u r m a jo r h is to log ica l types: squam ous 
cell carcinom a (8052, 8070-8073, 8075, and 8123), sm all cell carcinom a (8041-8045 
and 8246), large cell carcinom a (8012, 8020-8021, and 8082), and adenocarcinom a 
(8140, 8143, 8200, 8211, 8230, 8250-8251, 8260, 8300, 8310, 8480-8481, 8490, and 
8550). O ther h is to log ic  types (8010-8011, 8022, 8030-8032, 8046, 8240, 8243, 8430, 
8560, 8710, 8720, 8800-8801, 9120, 9133, 9590, 9591, 9671, and 9699) and unclassified 
h is to log ic  types o f carcinom as (8000-8001 and m issing h is to log ic  data) were 
placed in to  a m isce llaneous category. O nly firs t inc iden t lung cancer cases were 
taken in to  account.

Statistical methods
Cox p ropo rtiona l hazards regression was used to analyze the association between 
the va rie ty  in fru it and vegetab le  consum ption  and risk o f lung cancer. Age was used 
as the p rim ary  tim e  variab le  in the m odels w ith  en try  tim e  defined as age at 
recru itm en t and exit tim e  as age at d iagnosis, age at death or age at end o f fo llo w -u p , 
w h icheve r came firs t. A ll analyses w ere s tra tified  by age at recru itm en t (in 1-year 
categories) to contro l fo r  length  o f fo llo w -u p , and by gender and centre to  contro l fo r 
co un try  e ffects such as fo llo w -u p  procedures and questionna ire  design.The p ropo rtiona l 
hazard assum ption  was tested by in troduc ing  an in teraction  term  betw een tim e  
and the exposure variab le. Cases diagnosed a fte r censoring date w ere considered as 
non-cases.
A  to ta l o f 453,460 partic ipan ts  p rovided data fo r  the construc tion  o f the fo u r DDS and 
did not have a h is to ry  o f cancer at baseline. We excluded partic ipan ts  w ith  incom ple te  
non -d ie ta ry  in fo rm a tion  (n=784), partic ipants  w ith  m issing data on d ie ta ry  in fo rm a tion  
(n=30), and partic ipan ts  w ith in  the extrem e 1% percentiles o f the d is tribu tio n  o f the 
estim ated energy intake to  energy expend itu re  o f the to ta l EPIC coho rt (in our s tudy  
n=459). A  to ta l o f 452,187 partic ipan ts  w ere le ft fo r  analysis.
The DDS w ere d iv ided  in to  quartiles  accord ing to  the d is tribu tio n  observed in the 
s tudy popu la tion , w ith  the low est qua rtile  as reference category. In add ition , we did 
con tinuous analysis w ith  increm ents o f tw o  p roducts fo r  DDSvegfr, DDSvegpr, and 
DDSfr and w ith  increm ents o f one g roup fo r  DDSveggr. To analyze the associations 
betw een the va rie ty  in fru it and vegetab le  consum ption  and lung cancer risk 
independen t o f the am oun t o f fru it and vegetab les consum ed, we adjusted the va rie ty  
o f vegetab le  and fru it  consum ption  (DDSvegfr) fo r  the am oun t o f vegetab le  and fru it 
consum ption , the va rie ty  o f vegetab le  consum ption  (DDSveggr and DDSvegpr) fo r 
the am ount o f vegetab le  consum ption , and the va rie ty  o f fru it consum ption  (DDSfr) 
fo r  the am ount o f fru it consum ption .
In the overall m odel, we contro lled  fo r  sm oking status (current, fo rm er, never),

53



Variety of fru it &  vegetable consumption and lung cancer risk

dura tion  o f sm oking (continuous in years), life tim e  in tens ity  o f sm oking (continuous 
in c igarettes per day), the num ber o f c igarettes sm oked at baseline (continuous 
in c igare ttes per day). A d d itio na lly , we included the life tim e  num ber o f c igarettes 
squared. Ind ica tor variab les w ere used fo r  m issing va lues related to  the in tens ity  
(11% m issing  values) and duration  (5% m iss ing  values) o f sm oking. Ind iv idua ls  w ith  
unknow n sm oking  sta tus (n=6,258; 1.4%) w ere excluded from  the Cox regression 
analyses. A ll m odels a dd itiona lly  included body mass index (kg/m2), energy intake 
from  fa t and non-fa t sources (continuous in kcal/d). A ll covaria tes were included as 
separate variab les on a continuous scale unless stated o therw ise . The fo llo w in g  
variab les were tested in the m odel bu t showed no e ffec t on the m odel param eters 
and are there fo re  not included in the fina l m odel: consum ption  o f red and processed 
m eat, a lcohol consum ption , physical ac tiv ity , and educationa l level.
We derived p ro b a b ility  va lues fo r  a linear trend across quartiles  from  regression 
m odels using the m edian consum ption  w ith in  the quartiles  as a con tinuous variab le, 
hereby taking the unequal d istances o f the quartiles  in to  account.20 
Analyses were also done separate ly by sm oking  status. In teraction (on the 
m u ltip lica tive  scale) was tested using the in te raction  term  o f fru it  and /or vegetab le  
va rie ty  (in quartiles) w ith  sm oking  status.
A dd itiona lly , we analyzed w he the r there  w ere d iffe rences betw een the fo u r main 
h is to log ic  subtypes o f lung cancer, i.e., adenocarcinom as, sm all cell, large cell, and 
squam ous cell carcinom as. W hen analyzing the d iffe re n t h is to log ic  subgroups o f lung 
cancers, the h is to log ic  subtypes o f no in te rest were censored at the tim e  o f d iagnosis. 
To evaluate w he ther preclin ica l disease m igh t have in fluenced results, add itiona l 
analyses w ere conducted a fte r the exclusion o f cases tha t w ere diagnosed w ith in  2 years 
a fte r recru itm ent.
A ll analyses w ere done using SAS vers ion  9.1 (SAS Institu te , Inc.).

Results
A fte r a mean fo llo w -u p  o f the coho rt o f 8.7 years, 1,613 partic ipants  were new ly 
d iagnosed w ith  a firs t p rim a ry  inc iden t lung cancer: 503 w ere classified as 
adenocarcinom as, 250 as sm all cell carcinom as, 87 as large cell carcinom as, and 
326 as squam ous cell carcinom as; 250 cases had o the r specified h is to log ies and the 
h is to logy  was no t specified fo r  197 partic ipants. Tum ours (78%) w ere m icroscop ica lly  
con firm ed , 86% o f w h ich  w ere h is to log ica lly  con firm ed  (67% o f the to ta l num ber of 
cases). Table 3.1 show s the frequency o f lung cancer and the h is to log ic  subtypes of 
lung cancer, s tra tified  by country, included in the analysis.
Selected characteris tics across quartiles  o f va rie ty  in vegetab le  and fru it  consum ption  
are show n in Table 3.2. The q ua n tity  o f vegetab le  and fru it consum ption  and 
energy intake increased w ith  increasing va rie ty  in fru it  and vegetab le  consum ption . 
Those reporting  h igher va rie ty  in vegetab le  and fru it  consum ption  w ere leaner, m ore 
like ly to be fem ale, and never smokers.
Ad justed  hazard ratios (HR) fo r  lung cancer by quartiles  o f DDS fo r  the w ho le  coho rt 
and by sm oking sta tus are presented in Table 3.3. W ith  increasing va rie ty  in the 
consum ption  o f vegetab le  subgroups, the overall risk o f lung cancer decreased. 
The HR fo r  the h ighest qua rtile  com pared w ith  the low est qua rtile  is 0.77 w ith  95% 
confidence in terva l (CI) o f 0.64 to 0.94, and P fo r  trend is 0.02. Every add itiona l d iffe ren t 
vegetab le  subgroup  eaten decreases the risk o f lung cancer by 4% (HR, 0.96; 95%CI, 
0.93-1.00). The o the r DDS fo r  fru it  and vegetab le  consum ption  did not show  clear 
associations w ith  lung cancer risk.
Analyses s tra tified  by sm oking  status show  a borderline  s ta tis tica lly  s ign ifican t 
3% reduction  w ith  every tw o  add itiona l d iffe ren t types o f vegetab le  and fru it  p roducts
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in cu rren t sm okers, whereas no associations w ere found  in fo rm e r and never smokers. 
We observed tha t reduced lung cancer risk w ith  an increased num ber o f d iffe ren t 
vegetab le  subgroups eaten, was on ly  present am ong cu rren t sm okers, a lthough the 
con tinuous estim ate  is borderline  s ta tis tica lly  s ign ifican t. W ith  increasing va rie ty  
in fru it  consum ption , we observed a borderline  s ta tis tica lly  s ign ifican t 6 low er lung 
cancer risk am ong curren t sm okers (HR 0.94; 95%CI 0.89-1.00), but in the categorical 
analyses, no clear dow nw ard  trend  is seen. Again , no associations w ere seen in 
fo rm e r and never sm okers. The in teraction  w ith  sm oking  sta tus was on ly  s ta tis tica lly  
s ign ifican t fo r  the association o f d iffe ren t types o f vegetab le  and fru it p roducts  and 
lung cancer risk (P=0.01).
In Table 3.4, HRs are given fo r  the d iffe re n t DDS fo r  fru it and vegetab le  consum ption  as 
m easured w ith  continuous variab les and the risk o f three m ain h is to log ic  subtypes of 
lung cancer, fo r  the w ho le  coho rt, and s tra tified  by sm oking status. We observed low er 
risks fo r  squam ous cell carcinom as w ith  m ore va rie ty  in fru it  and vegetab le  p roducts 
(HR/two p roducts  0.91; 95%CI 0.86-0.96), m ore va rie ty  in vegetab le  subgroups (HR/ 
one subgroup  increm ent 0.87; 95%CI 0.80-0.95), and m ore va rie ty  in vegetab le  
p roducts  (HR/two p roducts  0.88; 95%CI 0.82-0.95). Lower risks fo r  squam ous cell 
carcinom as w ere restric ted  to cu rren t sm okers (HR 0.88; 95%CI 0.82-0.95; HR 0.88; 
95%CI 0.79-0.97; and HR 0.87; 95%CI 0.79-0.96 fo r  DDSvegfr, DDSveggr, and DDSvegpr, 
respective ly). Lower risks w ere not observed am ong fo rm e r sm okers. There were 
too  fe w  squam ous cell carcinom as to calculate re liab le HRs am ong never smokers. 
In te raction  w ith  sm oking  status was not s ta tis tica lly  s ign ifican t (w ith  P va lues fo r 
in teraction  ranging from  0.13 fo r  DDSfr to 0.85 fo r  DDSveggr). W ith  increasing va rie ty  
in fru it  consum ption , the find ings  suggest a low er risk o f squam ous cell carcinom as 
(HR/two p roducts  0.90; 95%CI 0.80-1.01) w h ich  is s ta tis tica lly  s ign ifican t am ong 
curren t sm okers (HR/two p roducts  0.84; 95%CI 0.72-0.97). None o f the DDS fo r  fru it 
and vegetab le  consum ption  are found  to  be associated w ith  risk o f adenocarcinom as 
or sm all cell carcinom as. For large cell carcinom as, we did not have enough cases to 
p erfo rm  these analyses. The HRs do not change w hen the analyses are repeated w ith  
the exclusion o f the firs t 2 years o f fo llo w -u p .
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Table 3.1: Incidence of lung cancer. The EPIC cohort study.
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Denmark 410,382 463 157 (34) 102 (22) 84 (18) 20 (4) 100 (22)

France* 736,299 113 42 (37) 3 (3) 12 (11) 5 (4) 51 (45)

Germany 401,155 186 60 (32) 31 (17) 46 (24) 7 (4) 42 (23)

Greece 180,851 90 22 (24) 15 (17) 12 (13) 2 (2) 39 (43)

Italy 375,858 137 56 (41) 26 (19) 18 (13) 4 (3) 33 (24)

The Netherlands* 310,014 136 54 (40) 27 (20) 23 (17) 21 (15) 11 (8)

Norway1 210,208 68 29 (43) 7 (10) 15 (22) 0 (0) 17 (25)

Spain 394,264 132 41 (31) 31 (23) 18 (14) 24 (18) 18 (14)

Sweden 257,130 58 26 (45) 16 (28) 8 (14) 4 (7) 4 (7)

United Kingdom 626,441 230 55 (24) 71 (31) 26 (11) 5 (2) 73 (32)

Total 3,902,602 1613 542 (34) 329 (20) 262 (16) 92 (6) 388 (24)

*The French, Norwegian and Utrecht (the Netherlands) cohorts consist of women only
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Table 3.2: Baseline characteristics by quartiles of observed variety in total vegetable and 
fru it variety as mean (standard deviation) except otherwise stated. The EPIC Cohort Study.

Full
cohort

DDS vegetable & fru it products (DDSvegfr)

1 2  3 4

Number of different 
items eaten at least 
once in two weeks 
(range)

-- 0-10 11-15 16-22 23-40

General characteristics

Men (%) 29 33 37 33 14

Age at recruitment 
(year)

51
(9.9)

50 52 52 50 
(8.7) (9.2) (10.6) (10.7)

Height (cm) 165.8
(8.9)

167.2 166.2 165.7 164.1 
(8.8) (9.3) (9.3) (7.8)

Weight (kg) 70.1
(13.7)

71.3 72.5 71.3 64.9 
(13.9) (13.5) (13.4) (12.4)

Body Mass Index 
(kg/m2)

25.4
(4.3)

25.4 26.2 25.9 24.0 
(4.2) (4.3) (4.3) (4.0)

Physically active (%)* 43 41 42 44 44

Diet

Energy (kcal/day) 2077.8
(621.1)

1907.5 2079.3 2153.0 2181.1 
(615.8) (626.1) (614.6) (588.9)

Energy from fat 
sources (kcal/day)

744.2
(272.7)

680.4 738.2 777.9 782.9 
(262.7) (263.0) (267.6) (284.8)

Energy from non-fat 
sources (kcal/day)

1333.6
(408.3)

1227.1 1341.2 1375.1 1398.1 
(402.2) (415.8) (414.5) (376.4)

Consumption of 
vegetables (g/day)

214.2
(147.8)

134.7 174.8 234.8 316.9 
(109.9) (107.1) (134.7) (165.0)

Consumption of fru it 
(g/day)

241.4
(197.1)

148.3 213.4 288.2 318.6 
(135.1) (170.5) (203.3) (222.4)

Alcohol non
consumers (%) 7 10 9 5 2

Alcohol consumption 
(g/day) f 6.4 4.6 7.4 7.2 6.7

Red and processed 
meat (g/day)

75.8
(51.5)

75.2 86.1 78.0 64.3 
(50.6) (52.5) (50.8) (50.2)
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Table 3.2 (continued): Baseline characteristics by quartiles of observed variety in total vegetable 
and fruit variety as mean (standard deviation) except otherwise stated. The EPIC Cohort Study.

Full
cohort

DDS vegetable &  fruit products (DDSvegfr)

1 2 3 4

Smoking status (%)

Never smokers 50 46 45 48 62

Former smokers 27 26 28 28 25

Lifetime number of 
cigarettes (cig/day)

9.4
(9.8)

8.2
(9.4)

10.8
(9.5)

11.1
(9.9)

7.3
(9.7)

Smoke duration 
(years)

16.7
(11.7)

16.1
(11.5)

17.9
(11.9)

18.1
(11.9)

14.3
(10.9)

Current smokers 22 27 26 23 12

Lifetime number of 
cigarettes (cig/day)

10.9
(8.5)

10.6
(8.6)

12.0
(7.9)

11.6
(8.4)

8.1
(9.1)

Smoke duration  
(years)

29.3
(10.9)

29.9
(9.8)

30.4
(10.5)

29.3
(11.5)

25.7
(11.9)

Unknown 1 2 1 1 1

Education level (%)

None 4 4 8 5 1

Prim ary school 23 28 29 24 10

Technica l/ 
p ro fessiona l school 23 26 26 25 13

Secondary school 24 22 18 23 33

U n ive rs ity  degree 24 20 19 21 37

Not specified 2 0 1 3 6

DDS=Diet Diversity Score
* Cambridge Physical Activity Index incorporates occupational and non-occupational 
physical activity; t  Median consumption of alcohol excluding non-consumers
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Table 3.3: Adjusted* hazard ratios and 95% confidence in tervals (Cl) fo r lung cancer by quartiles o f the fou r d iffe rent d ive rs ity  scores fo r the fu ll
cohort and by sm oking status.The EPIC cohort study.

Full Cohort* Current smokers Former smokers Never smokers

(n=445,923) (n=100,488) (n=120,064) (n=225,371)

Range cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(9 5%CI ) cases Hazard Ratio 
(9 5%CI) cases Hazard Ratio 

(95%CI)

DDS vegetable & fru it products (DDSvegfr)*§

Q1 0-10 507 1 386 1 82 1 39 1

Q2 11-15 438 0.91
(0.79-1.04) 279 0.82

(0.69-0.98) 127 1.26 
(0.93-1.72) 32 1.07

(0.62-1.86)
Q3 16-22 465 0.94 

(0.80-1.10) 276 0.85
(0.70-1.04) 144 1.22 

(0.87-1.71) 45 1.08
(0.62-1.87)

Q4 23-40 197 0.96
(0.75-1.21) 80 0.83

(0.59-1.16) 66 1.43
(0.89-2.29) 51 1.06

(0.61-1.85)
p-trend 0.65 0.16 0.35 0.89

Continuous per 
2 products increment 0.99 (0.97-1.01) 0.97

(0.95-1.00)
1.01

(0.96-1.05)
1.00

(0.96-1.05)
DDS vegetable product groups (DDSveggr)5

Q1 0-4 380 1 264 1 80 1 36 1

Q2 5-6 545 0.92
(0.80-1.06) 359 0.91

(0.77-1.09) 129 0.81 
(0.60-1.10) 57 1.43

(0.87-2.36)

Q3 7 358 0.86
(0.73-1.02) 215 0.89

(0.72-1.11) 93 0.80
(0.56-1.14) 50 1.04 

(0.61-1.76)

Q4 8 324 0.77
(0.64-0.94) 183 0.73

(0.57-0.93) 117 0.86
(0.59-1.26) 24 0.81

(0.42-1.59)

p-trend 0.02 0.04 0.70 0.90

Continuous per 1 product 
group increment

0.96
(0.93-1.00)

0.96
(0.92-1.01)

0.95
(0.88-1.03)

0.99
(0.89-1.10)
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g  Table 3.3 (continued): A d ju s te d ' hazard ratios and 95% confidence in terva ls (Cl) fo r  lung cancer by quartiles o f the fo u r d iffe ren t d ive rs ity  scores fo r
the  fu ll cohort and by sm oking status.The EPIC cohort study.

Full Cohort*
(n=445,923)

Current smokers
(n=100,488)

Former smokers
(n=120,064)

Never smokers
(n=225,371)

Range cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(9 5%C I) cases Hazard Ratio 
(9 5%C I) cases Hazard Ratio 

(95%CI)

DDS vegetable products (DDSvegpr)5

Q1 0-6 436 1 312 1 85 1 39 1

Q2 7-10 475 0.96
(0.84-1.11) 319 0.93 

(0.78-1.10) 115 0.91
(0.67-1.23) 41 1.41

(0.83-2.39)

Q3 11-15 488 0.90
(0.77-1.05) 309 0.88

(0.72-1.07) 143 0.94
(0.68-1.31) 36 0.82

(0.47-1.43)

Q4 16-26 208 0.94
(0.74-1.18) 81 0.77

(0.55-1.08) 76 1.09
(0.70-1.69) 51 1.15

(0.66-1.98)

p-trend 0.31 0.11 0.61 0.89

Continuous per 
2 products increment

0.99
(0.96-1.02)

0.98
(0.94-1.02)

0.99
(0.93-1.06)

1.00
(0.94-1.07)

DDS fru it products (DDSfr)*

Q1 0-2 493 1 368 1 96 1 29 1

Q2 3-5 567 0.97
(0.85-1.10) 360 0.92

(0.79-1.08) 155 1.09
(0.83-1.44) 52 1.26

(0.74-2.12)

Q3 6-8 335 0.92 
(0.78-1.10) 192 0.87

(0.70-1.08) 112 1.22
(0.87-1.71) 31 0.87

(0.48-1.56)

Q4 9-14 212 0.94 
(0.76-1.17) 101 0.91

(0.68-1.23) 56 1.14 
(0.74-1.78) 55 1.12

(0.66-1.91)

p-trend 0.42 0.24 0.20 0.95
Continuous per 
2 products increment

0.98
(0.94-1.02)

0.94
(0.89-1.00)

1.05
(0.96-1.15)

1.02 
(0.93-1.12)

DDS=Diet Diversity Score
* Cox regression model stratified by age at recruitment, gender and centre and adjusted for duration of smoking, lifetime number of cigarettes, 
current number of cigarettes, BMI, energy intake from fat and non-fat sources; t  Cox regression model additionally adjusted for smoking status; t  
Cox regression model additionally adjusted for fruit consumption; § Cox regression model additionally adjusted for vegetable consumption
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Table 3.4: A d jus ted * con tinuous hazard ratios and 95% confidence in terva ls (Cl) fo r lung cancer and h is to log ica l subgroups o f lung cancer per
2 products increm ent fo r  DDSvegfr, DDSvegpr and DDSfr and per 1 product g roup  increm ent fo r  DDSveggr.

Full Cohort*
(n=445,923)

Current smokers
(n=100,488)

Former smokers
(n=120,064)

Never smokers
(n=225,371)

cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(95%CI) cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(95%CI)

DDS vegetable & fru it products (DDSvegfr)*§

Lung cancer 1607 0.99
(0.97-1.01) 1021 0.97

(0.95-1.00) 419 1.01
(0.96-1.05) 167 1.00

(0.96-1.05)

Adenocarcinomas 542 1.00
(0.97-1.04) 302 0.99

(0.93-1.05) 150 1.02 
(0.95-1.10) 90 1.02

(0.96-1.08)

Small cell carcinomas 258 1.01
(0.95-1.07) 215 1.00

(0.94-1.07) 42 1.02 
(0.89-1.17) 1 -

Squamous cell 
carcinomas 328 0.91

(0.86-0.96) 224 0.88
(0.82-0.95) 94 0.98

(0.88-1.08) 10 -

DDS vegetable product groups (DDSveggr)§

Lung cancer 

Adeno-carcinomas

1607

542

0.96
(0.93-1.00)

0.97
(0.91-1.04)

1021

302

0.96
(0.92-1.01)

0.97
(0.89-1.06)

419

150

0.95
(0.88-1.03)

0.95
(0.83-1.08)

167

90

0.99 
(0.89-1.10) 

1.05 
(0.90-1.24)

Small cell carcinomas 258 0.97
(0.88-1.06) 215 0.96

(0.87-1.07) 42 0.91 
(0.71-1.17) 1 -

Squamous cell 
carcinomas 328 0.87

(0.80-0.95) 224 0.88
(0.79-0.97) 94 0.87

(0.74-1.02) 10 -

DDS vegetable products (DDSvegpr)5

Lung cancer 1607 0.99
(0.96-1.02) 1021 0.98

(0.94-1.02) 419 0.99
(0.93-1.06) 167 1.00

(0.94-1.07)

Adenocarcinomas 542 1.03
(0.97-1.08) 302 1.03 

(0.95-1.12) 150 1.04
(0.94-1.16) 90 1.02 

(0.93-1.13)

Small cell carcinomas 258 0.99
(0.91-1.07) 215 0.98

(0.90-1.08) 42 0.97 
(0.81-1.18) 1 -

Squamous cell 
carcinomas 328 0.88

(0.82-0.95) 224 0.87
(0.79-0.96) 94 0.92

(0.81-1.05) 10 -
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g  Table 3.4 (continued): A d jus ted * con tinuous hazard ratios and 95% confidence in terva ls (Cl) fo r  lung cancer and h is to log ica l subgroups o f lung
cancer per 2 products increm ent fo r  DDSvegfr, DDSvegpr and DDSfr and per 1 product g roup  increm ent fo r DDSveggr.

Full Cohort* Current smokers Former smokers Never smokers
(n=445,923) (n=100,488) (n=120,064) (n=225,371)

cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(95%CI) cases Hazard Ratio 
(95%CI) cases Hazard Ratio 

(95%CI)
DDS fru it products (DDSfr)*

Lung cancer 1607 0.98
(0.94-1.02) 1021 0.94

(0.89-1.00) 419 1.05
(0.96-1.15) 167 1.02

(0.93-1.12)

Adenocarcinomas 542 0.96
(0.89-1.03) 302 0.90

(0.81-1.01) 150 0.99
(0.86-1.15) 90 1.03

(0.90-1.17)

Small cell carcinomas 258 1.06 
(0.94-1.18) 215 1.04 

(0.91-1.18) 42 1.16
(0.87-1.55) 1 -

Squamous cell 
carcinomas 328 0.90

(0.80-1.01) 224 0.84
(0.72-0.97) 94 1.11

(0.89-1.37) 10 -

* Cox regression model stratified by age at recruitment, gender and centre and adjusted for duration of smoking, lifetime number of cigarettes, 
current number of cigarettes, BMI, energy intake from fat and non-fat sources; t  Cox regression model additionally adjusted for smoking status; t  
Cox regression model additionally adjusted for fruit consumption; § Cox regression model additionally adjusted for vegetable consumption
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Discussion
M ore va rie ty  in vegetab le  consum ption , as represented by the num ber o f d iffe ren t 
vegetab le  subgroups eaten was associated w ith  a low er risk o f lung cancer. This 
low er risk was on ly  seen am ong curren t sm okers. W hen analyzed by subtype o f lung 
cancer, h igher va rie ty  in fru it and vegetab le  consum ption  (com bined and separately) 
was inverse ly associated w ith  risk o f squam ous cell carcinom as, w h ich  was m ain ly  
d riven by the e ffect am ong cu rren t sm okers. For adenocarcinom as and sm all cell 
carcinom as, no associations w ith  va rie ty  in vegetab le  and/or fru it  consum ption  
w ere observed.
Previously, we described the associations betw een the qua n tity  o f fru it and vegetab le  
consum ption  (g/d) and lung cancer risk and its h is to log ic  subtypes.7 We found  inverse 
associations betw een the consum ption  o f vegetab les and fru its  com bined and lung 
cancer and betw een fru its  and risk o f lung cancer. In cu rren t sm okers, we found  that 
consum ption  o f vegetab les and fru its , both com bined and separately, m ay reduce 
lung cancer risk, in particu la r, the risk o f squam ous cell carcinom a.7 O ur curren t 
results suggest that, over and above the inverse association w ith  quantity , the va rie ty  
in vegetab le  consum ption  m igh t reduce lung cancer risk in the fu ll coho rt, especia lly 
am ong cu rren t sm okers. On the o ther hand, inverse associations betw een risk of 
lung cancer and the q ua n tity  o f fru it and vegetab le  consum ption  com bined and fo r 
fru its  alone reported previously, w ere not cons is ten tly  linked to  associations w ith  
the va rie ty  o f intakes. Both studies cons is ten tly  showed the s trongest reduced risks 
am ong curren t sm okers and squam ous cell carcinom as. It shou ld  be kept in m ind, 
however, tha t irrespective  o f ad jus tm ent fo r  to ta l quantity , ind iv idua ls  w ith  a m ore 
varied fru it  and vegetab le  consum ption  are in general also the ind iv idua ls  consum ing 
m ore fru its  and vegetab les, and these ind iv idua ls  are p robab ly  also com parab le  
fo r  o ther lifes ty le  facto rs. A lthough  w e adjust fo r  several o f these facto rs , residual 
con found ing  cannot be ruled out.
Vegetables and th e ir consum ption  are genera lly  considered as food  item s tha t are not 
ve ry  easy to  assess in food  frequency questionna ires (as w ell as in o the r m ethods of 
d ie ta ry  assessment). Indeed, w ith in  the EPIC va lida tion  studies, w h ich  com pared the 
food  frequency questionna ires w ith  the average o f 12 24-hour recalls, the co rre la tion  
coe ffic ien ts  fo r  re lative va lid ity  o f to ta l vegetab le  consum ption  w ere in general low er 
(between 0.30 am ong Ita lian men and 0.54 am ong French w om en) than those fo r 
fru its  (between 0.33 am ong German men and 0.79 am ong Spanish m en).21 In th is 
study, we observed inverse associations w ith  m ore va rie ty  in vegetab le  consum ption  
and lung cancer risk. This m ay ind icate  tha t the q ua n tity  o f vegetab les is poo rly  
assessed in the EPIC d ie ta ry  questionna ires due to d ifficu ltie s  in assessing portion  
size, bu t tha t the frequency o f consum ption  o f types o f vegetab les is be tte r assessed. 
A lte rna tive ly , a varied consum ption  o f vegetab les m ay be m ore e tio log ica lly  relevant 
than the qua n tity  o f vegetab le  consum ption  in reducing lung cancer risk because a 
m ore varied consum ption  o f vegetab les results in a m ore varied intake o f the b ioactive  
com pounds present in fru its  and vegetables. In add ition , we observed s tronger 
inverse associations w ith  increasing d ive rs ity  in vegetab le  subgroups com pared w ith  
increased d ive rs ity  in vegetab le  p roducts. This can be expla ined by the fac t tha t an 
increm ent in d iffe ren t vegetab le  subgroups eaten p robab ly  reflects a m uch greater 
d ive rs ity  than increm ents in vegetab le  p roducts eaten.
As fa r as we know, th is  is the firs t a ttem p t to spec ifica lly  evaluate the role o f the 
d ive rs ity  o f fru it  and vegetab le  consum ption  on lung cancer risk. D iffe ren t fru it  and 
vegetab le  p roducts  conta in  d iffe ren t b ioactive  com pounds like caro teno ids and 
v itam ins . A  greater va rie ty  in fru it  and vegetab le  consum ption  there fo re  represents 
a m ore varied intake o f these substances. A lte rna tive ly , the consum ption  o f m any
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d iffe re n t kinds o f fru it and vegetab le  p roducts makes it m ore like ly  to  consum e specific  
b ioactive  com pounds tha t m ig h t reduce (lung) cancer risk. As ind iv idua ls  consum ing 
a w ide  va rie ty  o f fru it  and vegetab le  p roducts are also m ore like ly  to  consum e m ore 
fru it  and vegetab les, we adjusted our analyses fo r  the overall fru it  and vegetab le  
consum ption .
Because the d ie ta ry  questionna ires d iffe red  s ligh tly  betw een the d iffe re n t EPIC centres, 
we calcu lated the DDS based on fru it and vegetab le  p roducts  included in fo u r or m ore 
d ie ta ry  questionna ires. This makes the DDS be tte r com parab le  betw een countries 
because if m ore fru it  and vegetab le  p roducts  are included in the questionnaires, 
ind iv idua ls  are m ore like ly  to  report eating them . However, it also induces bias. We 
there fore  also calculated DDS based on all f ru it  and vegetab le  p roducts  included in 
the d ie ta ry  questionna ires. HRs are s im ila r using these DDS com pared w ith  those 
reported in th is  article.
DDS have p rev ious ly  been used to describe the va rie ty  w ith in  d ie ts or food  groups. 
Jansen e t al. looked spec ifica lly  at the d ive rs ity  o f fru it  and vegetab le  consum ption  
in re lation to  cancer risk in the Zutphen coho rt s tudy and found  decreased overall 
cancer risks am ong ind iv idua ls  w ith  a h igher va rie ty  in vegetab le  consum ption  w hich 
was adjusted fo r  to ta l vegetab le  co nsu m p tion .20 Nine case-contro l studies, o f w hich 
seven were from  the same study base in Ita ly9, 10, 12-16 and tw o  from  the United S tates,8, 
11 looked at the re la tionsh ip  betw een d ive rs ity  in overall d ie t and w ith in  specific  food  
groups and the risk o f several cancers.8-16 Four o f these case-contro l stud ies focused 
on co lo recta l cancer, w ith  three o f those studies fin d ing  a reduced co lo recta l cancer 
risk w ith  h igher va rie ty  in to ta l d ie t.8-10 A ll studies found  low er risks o f colon cancer 
w ith  increased va rie ty  in vegetab le  co nsum p tion .8-11 A lso  fo r  gastric  cancer,12 oral 
and pharyngeal cancer,14, 15 breast cancer,14 and squam ous cell carcinom a o f the 
esophagus,16 p ro tective  e ffects w ere found  fo r a m ore d iverse d ie t, especia lly fo r  a 
m ore d iverse consum ption  o f fru its  and vegetab les, a lthough on ly  three s tud ies9, 11 13 
adjusted spec ifica lly  fo r  the to ta l num ber o f f ru it  and vegetab le  serv ings consum ed. 
Few coho rt studies have analyzed the e ffec t o f fru its  and vegetab les on d iffe ren t 
h is to log ic  subtypes o f lung tu m o rs .22-26 M ost studies have d iv ided  lung tum ours  into 
tw o  groups: K reyberg I (com pris ing  sm all cell carcinom as, squam ous cell carcinom as, 
and large cell carcinom as) and Kreyberg II (adenocarcinom as). There were ind ica tions 
tha t fru its  and vegetab les were m ore p ro tective  fo r  non-adenocarcinom as 
(Kreyberg I) than fo r  adenocarcinom as (Kreyberg II).25, 27, 28 In both our previous and 
in our cu rren t s tudy on the q ua n tity  and va rie ty  o f vegetab le  and fru it  consum ption , 
and the risk on the d iffe ren t h is to log ic  subtypes o f lung cancer, we found  associations 
fo r  squam ous cell carcinom as and no associations fo r  the o the r h is to log ic  subtypes 
o f lung cancer.
Several studies have ind icated a p ro tective  e ffect o f fru its  and vegetab les on lung 
cancer risk am ong curren t sm okers on ly .24, 29, 30 It is argued tha t the inverse association 
am ong curren t sm okers seen in som e studies m ig h t be due to  residual con found ing  by 
sm ok ing .25 A lthough  we have paid special a tten tion  to  contro l fo r  sm oking  behaviour, 
residual con found ing  by sm oking  also cannot be excluded in our study. Conversely, 
these studies suggested tha t an tiox idan ts  from  vegetab les and fru its  s tron g ly  reduce 
ox ida tive  stress due to sm oking. Because o f the large num ber o f b ioactive  constituen ts  
in fru its  and vegetab les, o ther b io log ica l m echanism s m ay explain ou r find ings  such 
as counteracting  n itrosa tion  and in fluencing  b ioactive  transfo rm ations.
The im p o rta n t advantages o f ou r coho rt s tudy are its size and the large he te rogene ity  
o f fru it and vegetab le  consum ption , lung cancer incidence, and o the r lifes ty le  habits 
caused by the recru itm en t o f partic ipan ts  liv ing  in countries from  the N orth  to  the 
South o f Europe.
In conclus ion, we found  inverse associations betw een the va rie ty  in vegetab le
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consum ption  and lung cancer risk in EPIC. These associations w ere restric ted  to 
cu rren t sm okers. A  varied consum ption  o f fru it  and vegetab les com bined and alone 
reduced the risk o f squam ous cell carcinom as, w h ich  was m ain ly  driven by the e ffect 
in cu rren t sm okers. The greater va rie ty  in fru it and/or vegetab le  consum ption  was not 
related to lung cancer risk in fo rm e r and never sm okers nor was it related to  the risk 
o f adenocarcinom as and sm all cell carcinom as. Because sm oking  is the p redom inan t 
risk facto r, the p rim ary  focus fo r  pub lic  health in reducing lung cancer incidence 
shou ld  continue to  be sm oking  prevention  and cessation.
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Abstract

Introduction
Previous ep idem io log ic  studies found  incons is ten t associations betw een vegetab les 
and fru it consum ption  and the risk o f b ladder cancer. We there fo re  investiga ted  the 
association betw een vegetab le  and fru it consum ption  and the risk o f b ladder cancer 
am ong partic ipan ts  o f the European Prospective Investigation  in to  Cancer and 
N u trition  (EPIC) study.

Methods
Data on food  consum ption  and com p le te  fo llo w -u p  fo r  cancer occurrence was available 
fo r  a to ta l o f 478,533 partic ipants , w ho  w ere recruited in 10 European countries. 
Estim ates o f rate ratios w ere obta ined by Cox p ropo rtiona l hazard m odels, s tra tified  
by age at recru itm en t, gender and s tudy  centre, and adjusted fo r  to ta l energy intake, 
sm oking  sta tus, duration  o f sm oking  and life tim e  in tens ity  o f sm oking. A  ca lib ra tion  
s tudy in a subsam ple  was used to  con tro l fo r  d ie ta ry  m easurem ent errors.

Results
A fte r a mean fo llo w -u p  o f 8.7 years, 1015 partic ipants  were new ly  d iagnosed w ith  
b ladder cancer. Increm ents o f 100 g/day in fru it  and vegetab le  consum ption  com bined 
did not a ffect b ladder cancer risk (i.e., ca lib ra ted HR 0.98; 95%CI: 0.95-1.01). Borderline 
s ta tis tica lly  s ign ifican t low er b ladder cancer risks w ere found  am ong never sm okers 
w ith  increased consum ption  o f fru it  and vegetab les com bined (HR 0.94 95%CI: 
0.87-1.00 w ith  increm ents o f 100 g/day; ca lib ra ted HR 0.92 95%CI 0.79-1.06) and 
increased consum ption  o f apples and pears (hard fru it;  ca lib ra ted HR 0.90 95%CI:
0.82-0.98 w ith  increm ents o f 25 g/day). For none o f the associations a s ta tis tica lly  
s ign ifican t in teraction  w ith  sm oking  sta tus was found.

Conclusion
O ur find ings  do not support an e ffec t o f fru it  and vegetab le  consum ption , com bined 
or separately, on b ladder cancer risk.
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Introduction
Bladder cancer is the fo u rth  m ost com m on cancer in the European Union among 
men and the 12th am ong w om en. In 2006, 104,400 new  cases o f b ladder cancer were 
d iagnosed and there were 36,500 b ladder cancer deaths in the European Union.1 
There are substantia l d iffe rences in b ladder cancer occurrence in d iffe re n t parts  of 
the w orld . The rates o f b ladder cancer are pa rticu la rly  high in Southern Europe and 
N orthern  A frica  fo llo w ed  by W estern Europe and N orth  A m erica, whereas they are 
lo w  in Asia, Eastern Europe and Latin A m erica .2-4 The male to fem ale  sex incidence 
ratio  o f b ladder cancer is 3:1.5. This has been m os tly  a ttr ibu ted  to d iffe rences in 
sm oking  habits, occupationa l exposure to  carcinogens and the high prevalence o f 
in fection  w ith  Schistosom a haem atob ium  especia lly in A frica  and the M idd le  East.4-6 
The p rim ary  risk fa c to r fo r  b ladder cancer is tobacco sm oking. As calculated from  
orig ina l data from  11 European case-contro l studies, the percentage o f b ladder cancer 
cases a ttr ib u tab le  to ever-sm oking is estim ated to  be 66% fo r  men, and 30% fo r 
w om en .7, 8 The risk o f b ladder cancer also increases w ith  longer duration  and h igher 
in tens ity  o f sm ok ing .4, 9 10 O ccupational risk facto rs , like exposure to ß -naphty lam ine, 
4 -am inob ipheny l and benzid ine, also play a role in b ladder cancer, a lthough these 
specific  chem icals have been banned from  the w orkp lace  in W estern countries 
decades ago.4 A b o u t 5-25%  o f all b ladder cancer cases in W estern coun tries can be 
a ttr ibu ted  to  occupationa l exposures.11
Increased consum ption  o f fru its  and vegetab les m ay be related to  decreased risks 
o f several cancers. Fruit and vegetab les are a source o f v itam ins , m inera ls and o ther 
b ioactive  com pounds, and are also low  in energy dens ity  w h ich  can all in fluence 
cancer risk by va rious m echanism s.12 A  m eta-analysis reported an elevated b ladder 
cancer risk am ong subjects w ith  low  vs. high fru it  consum ption  (RR=1.47 95%CI 
1.25-1.74); the analyses suggested a weak pos itive  association betw een low  vegetab le  
consum ption  and b ladder cancer risk (RR=1.15 95%CI 0.98-1.35) com pared to a high 
consum ption  o f vegetab les.13 On the o the r hand, Larsson e t al. recently  pub lished a 
null fin d ing  o f fru it and vegetab le  consum ption  and b ladder cancer risk in a Swedish 
co ho rt study.14 A  recent rev iew  by an in te rna tiona l panel o f experts  concludes that 
there is on ly  lim ited  evidence suggesting tha t fru its  and vegetab les p ro tect against 
b ladder cancer.12 This conclus ion  was based on the sm all num ber o f stud ies tha t is 
availab le and on the fac t tha t these studies found  on ly  sm all reduced risks, especia lly 
fo r  the consum ption  o f vegetables.
The purpose o f our s tudy is to investigate  the associations o f fru it  and vegetab le  
consum ption  w ith  b ladder cancer risk am ong partic ipan ts  in the EPIC study, a large 
co ho rt s tudy carried ou t in 10 European countries. This investiga tion  is one o f the 
largest ever conducted spec ifica lly  to  investiga te  the re la tionsh ip  betw een d ie t and 
cancer. Because o f the invo lvem en t o f m any countries, a w ide  range in b ladder cancer 
incidence rates and in d ie ta ry  and lifes ty le  habits exists in the s tudy popula tion . 
This makes our s tudy especia lly su itab le  to s tudy the re la tionsh ip  betw een fru it  and 
vegetab le  consum ption  and cancer risk.

Material and methods

Study participants
The European Prospective Investigation  in to  Cancer and N u trition  (EPIC) is an ongoing  
m u lticen tre  coho rt s tudy  designed to investigate  the re la tions betw een d ie t, lifes ty le  
and env ironm enta l fac to rs  and the incidence o f cancer. The to ta l co ho rt consists of
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subcohorts  o f men and w om en recruited in 23 centres in 10 European countries: 
Denmark, France, Germany, Greece, Italy, The N etherlands, Norway, Spain, Sweden 
and the United K ingdom . The popu la tions and m ethods have been described in fu ll 
e lsew here.15 In brief, the EPIC co ho rt consists o f 521,448 subjects, m os tly  aged 25-70 
years, recruited during  the period 1991-2000 from  the general popu la tion  residing 
in a specific  geographica l area. Exceptions w ere the French coho rt, w h ich  was 
based on m em bers o f the health insurance fo r  state school em ployees, the U trecht 
(The Netherlands) and the Florence (Italy) coho rt, w h ich  w ere both based on w om en 
a ttend ing  breast cancer screening program s, com ponen ts  o f the Ita lian and o f the 
Spanish cohorts  w h ich  included m em bers o f local b lood donor organ izations, and 
ha lf o f the O xford  (United K ingdom ) co ho rt tha t was based on vegetarian and healthy 
conscious vo lunteers. In France, Norway, U trech t (The Netherlands) and Naples (Italy) 
on ly  w om en w ere recruited. E lig ib le subjects were inv ited  to pa rtic ipa te  in the study 
by mail o r by personal contact. As a rule, those w ho  partic ipa ted  signed an in form ed 
consent fo rm , and d ie t and lifes ty le  questionna ires were m ailed to them , except 
in all Spanish centres, Greece and Ragusa (Italy), w here  in te rv iew er-adm in is te red  
questionna ires w ere used. In m ost countries, s tudy  subjects w ere inv ited  to v is it a 
centre fo r  b lood co llec tion  and an th ropom etric  m easurem ents and to  de liver the 
com ple ted  d ie t and lifes ty le  questionna ires.15

Diet and lifestyle questionnaires
A t baseline, usual d ie t before  en ro lm en t was m easured by coun try -spec ific  
va lidated  questionna ires designed to capture local d ie ta ry  habits, and p rovide  high 
com pliance .16 A lthough  the design o f the questionna ires was based on the same 
general fo rm a t, there w ere d iffe rences betw een the questionna ires used in several 
countries. Extensive se lf-adm in iste red  quan tita tive  d ie ta ry  questionna ires were used 
in northe rn  Italy, The Netherlands, Germ any and Greece. In France, Spain and Ragusa 
(Italy) in te rv iew er-adm in is te red  questionna ires s im ila r to  the d ie ta ry  questionna ires, 
bu t s tructu red  by meals, w ere used. To increase com pliance , the centres in Spain and 
Ragusa perfo rm ed a face-to-face d ie ta ry  in te rv ie w  using a com puterised  program . 
S em iquantita tive  food  frequency questionna ires w ith  the same standard portion  
assigned to  all partic ipants  were used in Denmark, Norway, Naples (Italy) and Umeâ 
(Sweden). In M alm ö (Sweden) a non -quan tita tive  food  frequency questionna ire  
was com bined w ith  a 7-day record on hot meals, and in the United K ingdom  
a sem iquan tita tive  food  frequency questionna ire  and a 7-day record were used.15 
The food  groups analysed w ere vegetab les and fresh  fru its  (excluding o lives and 
nuts and seeds). Analyses were also carried ou t fo r  subgroups o f vegetab les (leafy 
vegetab les, fru itin g  vegetab les, cabbages, roo t vegetab les, m ushroom s and garlic  
and onions) and subgroups o f fresh  fru its  [hard fru it  (inc lud ing  apples and pears), 
stone fru it (inc lud ing  cherry, m irabe lle , p lum , aprico t, peach and nectarine), berries, 
grapes and c itrus fru it  (excluding and inc lud ing  c itrus juices)]. Details o f food  item s 
included in the selected vegetab les and fru its  subgroups used in the analysis have 
been reported in fu ll by Agudo  e t al.17
Lifesty le  questionna ires included questions on education, occupation, and 
m edical h is tory, life tim e  h is to ry  o f consum ption  o f tobacco, a lcoho lic  beverages 
and physical ac tiv ity .15

Follow-up and end-points
Follow -up was based on popula tion-based cancer reg istries in 7 o f the partic ipa ting  
countries: Denmark, Italy, Netherlands, Spain, Sweden, United K ingdom  and Norway. 
In France, G erm any and Greece, a com b ina tion  o f m ethods was used, inc lud ing  health
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insurance records, cancer and pa tho logy hosp ita l reg istries and active fo llo w -u p . 
M o rta lity  data w ere also co llected from  reg istries at the regional or national level.15 
C ensoring dates fo r  com ple te  fo llo w -u p  w ere as fo llow s: Decem ber 2002 (Granada); 
Decem ber 2003 (Florence, Varese, Naples, M urcia, B ilthoven and Denmark); Decem ber 
2004 (Ragusa, Turin, Asturias , Navarra, United K ingdom , U trecht, M alm ö and Norway); 
June 2005 (France); Decem ber 2005 (San Sebastian and Umeâ). For G erm any and 
Greece, the end o f fo llo w -u p  was considered to  be the last known contact, the date 
o f d iagnosis or the date o f death, w h icheve r came firs t. M o rta lity  data w ere coded 
fo llo w in g  the rules o f ICD-10, and cancer incidence data fo llo w in g  ICD-Oncology. For 
the cu rren t analysis, partic ipan ts  w ere fo llow ed  from  study  en try  until a f irs t p rim ary  
b ladder cancer d iagnosis (code C67 according to  the ICD-O ncology (ICD-0-third 
edition), death, em igra tion  or end o f the fo llo w -u p  period. B ladder cancer cases w ith  
the m o rph o lo gy  codes 8980 (carcinosarcom a), 9590 (m alignant lym phom a), 9671 
(m alignant lym phom a, lym phop lasm acytic ) and w ith  behav iour coded as 'ben ign ' 
(5th d ig it o f the m o rph o lo gy  code is zero) w ere censored at tim e  o f d iagnosis. 
Behaviour coded as 'uncerta in  w he the r benign or m a lignant', 'carcinom a in s itu ' and 
or as 'm a lig n a n t' was included as cases.
A  subset analysis was perfo rm ed on o n ly  the trans itiona l cell pap illom as and 
carcinom as (m orpho logy  codes 812-813; fu rth e r referred to  as uro the lia l cell 
carcinom as) w h ich  is the p redom inan t cell type  in b ladder cancer.

Statistical analyses
For the com puta tion  o f coun try -spec ific  age-standard ised incidence rates, d irect 
standard iza tion  based on the age d is tribu tio n  at en try  in the com bined EPIC coho rt 
in 5-years in te rva ls  was perfo rm ed; th is  analysis was restric ted  to the com m on age 
band o f 50-69  years.
Cox p ropo rtiona l hazard regression was used to analyse the association between 
fru it  and vegetab le  consum ption  and b ladder cancer risk and w ere perfo rm ed on 
the fu ll cohort. Age was used as the p rim a ry  tim e  variab le  in the m odels w ith  en try  
tim e  defined as age at recru itm en t and ex it tim e  as age at d iagnosis, age at death or 
age at end o f fo llo w -u p , w h icheve r came firs t. A ll analyses were s tra tified  by age at 
recru itm en t (in l-year categories) to contro l fo r  length o f fo llo w -u p , by gender and by 
centre to contro l fo r  co un try  e ffects such as fo llo w -u p  procedures and questionna ire  
design. Cases diagnosed a fte r the censoring date w ere considered non-cases. 
C onsum ption  o f vegetab les and fru its  and vegetab le  and fru it subgroups were 
d iv ided  in to  EPIC-wide qu in tiles , using the low est qu in tile  as reference category. The 
consum ption  o f vegetab les and fru its  was also analysed co n tinuous ly  per 100 gram 
per day increase. Subgroups o f vegetab les and fru it  w ere analysed per 25 gram per 
day increase. Analyses w ere also s tra tified  by sm oking  status. We derived p ro ba b ility  
va lues fo r  a linear trend  across qu in tiles  from  regression m odels using the m edian 
consum ption  w ith in  the qu in tiles  as a continuous variab le , hereby taking the unequal 
d istances o f the qu in tiles  in to  account.18
A ll analyses w ere adjusted fo r  sm oking  status (current, fo rm er, never). We add itiona lly  
adjusted fo r  the dura tion  o f sm oking  (years) and the life tim e  in tens ity  o f sm oking 
(cigarettes/day). Ind ica to r variab les w ere used fo r  m issing values o f sm oking  duration  
and in tensity . A dd itiona lly , all m odels included energy intake from  fa t and non-fa t 
sources (kcal/day). W ith in  the analyses o f fru its  we also adjusted fo r  the intake of 
vegetab les and v ice  versa. W hen analyzing subgroups o f vegetab les and fru its  also 
o the r vegetab les and fru its  consum ption  w ere con tro lled  for. The fo llo w in g  variab les 
w ere tested in the m odel bu t showed no e ffec t on the m odel param eters and are 
there fore  not included in the fina l m odel: height, w e ig h t and consum ption  o f red
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and processed meat, a lcohol consum ption , m ilk  consum ption , physical a c tiv ity  and 
educationa l level.
For a subset o f the co ho rt (Spain, Greece, Denmark, Germany, Turin, Varese, Florence, 
Ragusa and Cam bridge) data on occupationa l h is to ry  o f the partic ipan ts  was available. 
O ccupational h is to ry  focused on 52 selected jobs  tha t have been p rev ious ly  linked to 
the risk o f deve loping  cancer. We used th is  data to  look at the e ffec t o f occupationa l 
exposure on the Cox regression m odels. Therefo re , we com bined subsets o f the 
52 occupations accord ing to presum ed com m on carc inogen ic exposures.19 We 
focused on the fo llo w in g  carcinogen ic exposures: heavy m eta ls (present in foundries, 
in m etal industries and in occupations related to w e ld ing , tu rn ing  and e lectrop la ting); 
a rom atic  am ines (present in, e.g., dye p roduction , te x tile  and leather dy ing  and 
hairdressers); PAHs (associated w ith  refineries, asphalt w ork, the tran spo rt sector 
and car repair sta tions); Environm enta l Tobacco Sm oking (ETS; p a rticu la rly  elevated 
fo r  w orkers in bars and restaurants). The scores w ere treated as d icho tom ous (yes/ 
no).
To evaluate w he the r preclin ica l disease may have in fluenced results, add itiona l 
analyses w ere conducted a fte r exclusion o f cases tha t were d iagnosed w ith in  
2 years a fte r recru itm en t. We also perfo rm ed  a se n s itiv ity  analysis using on ly  cases 
diagnosed w ith  u ro the lia l cell carcinom as.

Calibration
To correct fo r  system atic  over- and underestim ation  o f d ie ta ry  intakes across 
pa rtic ipa ting  centres and to co rrect fo r  m easurem ent bias in hazard ra tios,20 
a ca lib ra tion  m ethod was applied as described in deta il by Ferrari e t a l.20 In brief, 24-hr 
d ie ta ry  recall (24HR) data was co llected from  an 8% sam ple o f the cohort. The 24HR 
values w ere regressed on the d ie ta ry  questionna ire  va lues fo r  the m ain food  groups 
and the subgroups in a linear ca lib ra tion  m ode l.20 Zero consum ption  va lues in the 
m ain d ie ta ry  questionna ires w ere included in the regression ca lib ra tion  m odels. Data 
w ere w e igh ted  by day o f the week and season o f the year on w h ich  the 24HR was 
collected. C ountry  and sex-specific  ca lib ra tion  m odels w ere used to obta in  ind iv idua l 
ca lib ra ted values o f d ie ta ry  exposure fo r  all partic ipants. Cox regression m odels were 
then applied using the ca lib ra ted va lues fo r  each ind iv idua l on a continuous scale. 
The standard e rro r o f the de-attenuated coe ffic ien t was calculated w ith  boo ts trap  
sam pling  (n=20 repetitions) in the ca lib ra tion  and disease m odels consecutive ly .20 
A ll analyses w ere perfo rm ed using SAS vers ion  9.1 (SAS Institu te , Cary, NC).

Results
For th is  analysis we excluded partic ipants  w ith  p revalent cancer at baseline (n=23,633), 
partic ipan ts  w ith  incom p le te  fo llo w -u p  in fo rm a tion  (n=3,448), partic ipants  w ith  
m issing data on d ie ta ry  in fo rm a tion  (n=6,160) and partic ipan ts  w ith  a ratio  fo r  energy 
intake versus energy expend itu re  in the top  and bo ttom  1% (n=9,674). A  to ta l of 
478,533 partic ipan ts  w ere le ft fo r  analysis, w ith  a mean fo llo w -u p  o f 8.7 years. 
O verall, 1,015 partic ipants  were new ly  d iagnosed w ith  a firs t inc iden t b ladder cancer, 
o f w h ich  89% w ere uro the lia l cell carcinom a. 84% o f the cases were h is to log ica lly  
ve rified ; 11% o f the d iagnosis was based on 'c lin ica l observa tion  and clin ical 
investiga tion '; 1% was based on 'au topsy ' o r on 'death ce rtifica te '; 1% was based on 
'u ltrasound ', 'tom og rap hy ', 'endoscopy ' o r 'e xp lo ra to ry  su rgery '; 0.5% o f the cases 
w ere se lf-reported  and o f 2.8% (n=28) the basis o f d iagnosis was m issing. Table 
4.1 show s the frequency o f b ladder cancers by country. Based on the com m on age 
band o f 50 -69  years, the male to fem ale sex crude incidence ratio  o f b ladder cancer
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was 5:1, w ith  an overall incidence rate per 100,000 person years fo r  men o f 65.8 and 
fo r  w om en 13.3. B ladder cancer incidence was pa rticu la rly  high in Italy, G erm any 
(on ly fo r  w om en) and Denm ark (only fo r  men), but incidence rates observed in all 
coun tries w ere com parab le  to those reported by Cancer Incidence in Five C on tinents .3 
O verall, 78% o f the b ladder cancer cases w ere ever smokers.

Table 4.1: Incidence of bladder cancer. The EPIC cohort study.

Country Person years First incident bladder 
cancer

Incidence rate per 
100,000 person years1

Women
France 741,203 30 4.8

Italy 257,355 34 18.2

Spain 241,319 14 10.6

Greece 108,501 2 3.5

United Kingdom 441,686 56 15.5
The Netherlands3 228,924 33 13.0

Germany 227,268 41 29.1

Sweden 271,071 43 17.2

Denmark 216,031 40 16.3

Norway 210,300 11 15.2

Total 2,943,660 304 12.8
Men
France2 - - -

Italy 118,770 73 79.8

Spain 153,853 82 66.3

Greece 73,446 21 29.9
United Kingdom 190,483 119 48.3
The Netherlands3 81,358 27 69.1

Germany 174,196 88 62.7

Sweden 229,535 130 49.7
Denmark 195,820 172 79.9
Norway2 - - -
Total 1,217,461 712 63.8
1For each country (5-year) age-standardized (European standard population) incidence rates; 
were computed for the common age band of 50 to 69 years of age; 2The France and Norwegian 
cohorts consist of women only; 3The Dutch EPIC centre Utrecht cohort consists of women only
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Table 4.2: Baseline characteristics by quintiles of observed intake of total vegetables and of total 
fruits in mean (sd). The EPIC Cohort Study

Full Total vegetable and fru it consumption1
cohort 1 2 3 4 5

Cut-off values quintiles 
(g/day) 2 -- < 221 222 -  330 331 -  453 454 -  635 > 636

General characteristics

Men (%) 30 44 32 26 22 26

Age at recruitment (year) 51
(9.9)

50
(9.7)

51
(9.8)

51
(9.8)

52
(9.8)

52
(10.4)

BMI (kg/m2) 25.4
(4.3)

25.4
(4.1)

25.3
(4.1)

25.1
(4.1)

25.2
(4.3)

26.0
(4.6)

Height (cm) 166.0
(8.9)

169.0
(9.1)

167.2
(8.9)

165.8
(8.7)

164.4
(8.4)

163.5
(8.4)

Weight (kg) 70.2
(13.7)

72.8
(14.1)

70.9
(13.7)

69.3
(13.3)

68.3
(13.1)

69.7
(13.5)

Physical active (%)3 41.0 45.7 46.3 46.1 46.4 52.6

Diet

Energy (kcal/day) 2084.6
(622.0)

1909.3
(609.2)

2006.7
(596.3)

2068.8
(590.5)

2142.6
(602.5)

2295.4
(641.1)

Energy from fat sources 
(kcal/day)

749.0
(275.1)

694.7
(264.3)

716.7
(258.0)

729.3
(255.0)

754.4
(260.4)

849.8
(307.5)

Energy from non-fat sources 
(kcal/day)

1335.6
(407.0)

1214.6
(395.1)

1290.0
(383.5)

1339.5
(383.1)

1388.2
(398.2)

1445.5
(433.7)

Calibrated fruit consumption 
(g/day)

208.9
(108.5)

112.8
(47.4)

159.9
(56.9)

202.1
(66.4)

246.7
(77.3)

323.2
(129.6)

Calibrated vegetable con
sumption (g/day)

171.2
(54.3)

124.2
(29.0)

146.6
(31.9)

165.4
(36.8)

189.4
(41.9)

230.3
(55.7)

Alcohol non-consumers (%) 7.3 7.1 7.1 6.9 7.8 8.3

Alcohol consumption (g/ 
day) 4 6.6 7.1 7.1 6.9 6.5 5.3

Red and processed meat (g/ 
day)

76.8
(51.7)

85.2
(52.7)

82.4
(52.1)

77.2
(51.3)

72.3
(50.2)

66.9
(50.0)

Smoking status

Never smokers (%) 49 38 45 51 55 57

Former smokers (%) 27 26 28 28 26 24

Lifetime number of ciga
rettes (cig/day)

13.1
(9.3)

13.4
(9.3)

12.3
(8.6)

12.2
(8.4)

12.6
(8.7)

15.1
(10.8)

Smoke duration (years) 18.4
(11.1)

18.5
(11.2)

18.2
(11.1)

18.1
(11.0)

18.0
(10.9)

18.7
(11.1)

Age at start smoking 
(years)

18.9
(5.1)

18.1
(5.6)

18.2
(5.8)

18.2
(6.3)

18.1
(6.6)

18.2
(6.8)

Time since quitting smok
ing (years)

15.2
(10.3)

14.6
(10.1)

15.3
(10.2)

15.5
(10.3)

15.6
(10.3)

14.7
(10.2)
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Table 4.2 (continued): Baseline characteristics by quintiles of observed intake of total vegetables 
and of total fruits in mean (sd). The EPIC Cohort Study

Full
cohort

Total vegetable and fru it consumption1

1 2 3 4 5

Current smokers (%) 22 34 25 20 17 17

Lifetime number of ciga
rettes (cig/day)

13.5
(7.5)

14.4
(7.3)

13.0
(6.9)

12.4
(6.9)

12.4
(7.3)

14.4
(8.9)

Smoke duration (years) 30.1
(10.1)

31.2
(9.8)

30.8
(10.0)

30.3
(10.1)

29.4
(10.1)

27.5
(10.7)

Age at start smoking 
(years)

19.6
(6.3)

18.4
(5.9)

19.1
(6.6)

19.4
(7.1)

19.7
(7.4)

20.3
(7.7)

Unknown (%) 2 1 1 1 2 2

Education level (%)

None 4 2 2 3 5 9

Primary school 24 29 24 21 20 24

Technical/professional school 23 30 28 23 19 14

Secondary school 23 18 21 25 27 26

University degree 24 20 24 26 26 24

Not specified 2 1 2 2 3 3

1Excluding juices, nuts and olives; 2Calibrated interquintile range 258.2 -  486.1 gram/day; 
3Combined Total Physical Activity Index that categorizes the population into two activity levels 
based on a cross-tabulation of occupational activity by household and recreational activity; 
4Median consumption of alcohol excluding non-consumers

Bladder cancer risk facto rs  across qu in tiles  o f to ta l vegetab les and fru its  consum ption  
are show n in Table 4.2. W ith  increasing consum ption  o f vegetab les and fru its , the 
percentage o f w om en increased. A  h igher consum ption  o f vegetab les and fru its  was 
related to  a h igher intake o f energy, but a low er consum ption  o f red and processed 
meat. Those reporting  h igher consum ption  o f vegetab les and fru its  w ere m ore likely 
to  be never sm okers, to be phys ica lly  active and sho rte r in stature.

Vegetables and fruits combined
There was no association o f f ru it  and vegetab le  consum ption  on b ladder cancer risk,
i.e., hazard ratio  (HR) 0.93 w ith  a 95% confidence in terva l (CI) o f 0.72-1.19 com paring  
the h ighest qu in tile  o f consum ption  w ith  the low est (p fo r  trend 0.56; see Table 4.3). 
We found  no e ffec t o f an increm ent o f fru it  and vegetab le  consum ption  w ith  100 
g/day on b ladder cancer risk, i.e., HR 0.98; 95%CI 0.95-1.01 (data not shown). A fte r 
ca lib ra tion  we found  identica l results.
For never sm okers a borderline  s ta tis tica lly  s ign ifican t inverse trend over the qu in tiles  
o f f ru it  and vegetab le  consum ption  was found  (p=0.10), but the num ber o f cases was 
sm all so confidence in te rva ls  w ere w ide  (HR 0.73; 95%CI 0.42-1.27 com paring  the 
h ighest w ith  the low est quintile ). We did find  a borderline  s ta tis tica lly  s ign ifican t 6% 
inverse association w ith  increm ents o f 100 g/day o f fru it and vegetab le  consum ption  
am ong never sm okers (HR 0.94 95%CI: 0.87-1.00; ca lib ra ted HR 0.92 95%CI: 0.79-1.06).
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However, the in teraction  o f sm oking  sta tus and vegetab le  and fru it  consum ption  was 
not s ta tis tica lly  s ign ifican t (p fo r  in teraction=0.46). A lthough  thecategorica l risks in 
all upper qu in tiles  in w om en w ere som ew hat low er than in men, the 95% CI were 
overlapp ing , and also the in teraction  w ith  gender was not s ta tis tica lly  s ign ifican t (p 
fo r  interaction=0.36).
In a subset o f the coho rt (Spain, Greece, Denmark, Germany, Turin, Varese, Florence, 
Ragusa and Cam bridge), we tested the e ffec t o f add itiona l ad jus tm en t fo r  em p loym en t 
in jobs  poss ib ly  enta iling  exposure to b ladder carcinogens o f the partic ipan ts , but th is 
d id not change the estim ates.
To contro l fo r  potentia l changes in d ie t due to  early sym ptom s o f b ladder cancer, we 
excluded the firs t 2 years o f fo llo w -u p , bu t the hazard ratios did not m ate ria lly  change 
(data no t shown).
Risk estim ates and 95% confidence in te rva ls  w ere s im ila r fo r  analyses restricted  to 
u ro the lia l cell carcinom as (data not shown).

Vegetables
For vegetab le  consum ption , we found  no association w ith  b ladder cancer risk 
(HR 0.90 95%CI: 0.70-1.16 com paring  h ighest qu in tile  w ith  the low est; p-trend=0.22). 
The in teraction  betw een sm oking status and consum ption  o f vegetab les was not 
s ta tis tica lly  s ign ifican t (p fo r  interaction=0.97). N e ither was the in teraction  between 
gender and the e ffec t o f vegetab le  consum ption  s ta tis tica lly  s ign ifican t (p fo r 
interaction=0.21), however, there was an ind ica tion  tha t w om en m ay have a reduced 
b ladder cancer risk w ith  increasing consum ption  o f vegetab les (p fo r  trend=0.13; 
see Table 4.3).
H igher vegetab le  consum ption , w ith  increm ents o f 100 g/day, was not associated 
w ith  risk o f b ladder cancer HR 0.96 (95%CI: 0.90-1.03; Table 4.4) tha t rem ained 
unchanged w hen ca librated. A  borderline  s ta tis tica lly  s ign ifican t inverse 
association was found  fo r  the consum ption o f root vegetables. An increm ent of 
consum ption w ith  25 g/day was associated w ith  a 7% reduction in b ladder cancer risk 
(HR 0.93; 95%CI: 0.87-1.00). However, a fte r ca lib ra tion th is association became sm aller 
and s ta tis tica lly  nons ign ificant (HR 0.96; 95%CI: 0.83-1.11). For o ther subgroups of 
vegetables no association w ith  b ladder cancer risk was found (Table 4.4).
A dd itiona l ad jus tm ent fo r  occupationa l h is to ry  o f the partic ipan ts , excluding the firs t 
2 years o f ne ither fo llo w -u p  nor the analyses restric ting  to  uro the lia l cell carcinom as 
changed the hazard ratios m ate ria lly  (data no t shown).
Figure 4.1a show s the hazard ratios associated w ith  increased vegetab le  consum ption  
and b ladder cancer risk s tra tified  by country. For none o f the countries a s ta tis tica lly  
s ign ifican t association was found  (p fo r  in te raction  betw een co un try  and the e ffec t of 
vegetab le  consum ption  on b ladder cancer risk was 0.70).
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Table 4.3: A d jus ted1 hazard ratios fo r b ladder cancer by qu in tiles  o f observed vegetable and fru it
consum ption  fo r the  fu ll cohort and by sm oking status. The EPIC cohort study.

Fruit and vegetable 
consumption Vegetable consumption2 Fruit consumption3

Cases Hazard Ratio 
(95% CI) Cases Hazard Ratio 

(95% CI) Cases Hazard Ratio 
(95% CI)

Full cohort (478,519)

Q1 284 1.00 270 1.00 269 1.00

Q2 225 0.97 (0.81-1.16) 238 1.03 (0.86-1.23) 230 1.06 (0.89-1.27)

Q3 198 0.97 (0.80-1.18) 209 0.98 (0.81-1.19) 188 1.02 (0.84-1.24)

Q4 166 0.96 (0.78-1.19) 160 0.86 (0.70-1.07) 169 1.02 (0.83-1.26)

Q5 143 0.93 (0.72-1.19) 139 0.90 (0.70-1.16) 160 1.04 (0.82-1.31)

p for trend 0.56 0.22 0.87

Current smokers (107,407)

Q1 150 1.00 130 1.00 138 1.00

Q2 88 0.89 (0.68-1.16) 103 1.04 (0.80-1.35) 99 1.24 (0.95-1.60)

Q3 65 0.91 (0.67-1.23) 82 0.94 (0.70-1.25) 62 0.94 (0.69-1.28)

Q4 60 1.06 (0.76-1.49) 51 0.76 (0.54-1.08) 53 1.09 (0.78-1.52)

Q5 47 0.92 (0.61-1.38) 44 0.85 (0.55-1.29) 58 1.11 (0.76-1.61)

p for trend 0.86 0.21 0.75
Former smokers (127,527)

Q1 92 1.00 89 1.00 91 1.00

Q2 82 0.93 (0.69-1.27) 84 0.99 (0.73-1.34) 80 0.91 (0.67-1.23)

Q3 83 1.01 (0.73-1.38) 81 1.01 (0.73-1.39) 79 1.03 (0.75-1.41)

Q4 62 0.94 (0.66-1.34) 71 0.99 (0.70-1.40) 69 1.02 (0.72-1.43)

Q5 62 1.07 (0.72-1.59) 56 0.91 (0.60-1.36) 62 1.00 (0.68-1.47)

p for trend 0.57 0.64 0.82
Never smokers (236,421)

Q1 42 1.00 51 1.00 40 1.00

Q2 55 1.21 (0.80-1.83) 49 1.13 (0.75-1.68) 50 0.99 (0.65-1.52)

Q3 48 1.01 (0.65-1.59) 46 1.02 (0.67-1.57) 47 0.99 (0.64-1.54)

Q4 42 0.88 (0.54-1.44) 36 0.83 (0.51-1.35) 44 0.84 (0.52-1.34)

Q5 34 0.73 (0.42-1.27) 39 1.06 (0.62-1.79) 40 0.85 (0.50-1.42)

p for trend 0.10 0.90 0.41
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Table 4.3 (continued): A d jus ted1 hazard ratios fo r b ladder cancer by qu in tiles  o f observed
vegetab le and fru it  consum ption  fo r the fu ll cohort and by sm oking status.
The EPIC cohort study.

Fruit and vegetable 
consumption Vegetable consumption2 Fruit consumption3

Cases Hazard Ratio 
(95% CI) Cases Hazard Ratio 

(95% CI) Cases Hazard Ratio 
(95% CI)

Women (236,421)

Q1 66 1.00 75 1.00 53 1.00

Q2 67 0.90 (0.63-1.27) 69 0.84 (0.60-1.18) 71 1.18 (0.82-1.70)

Q3 61 0.80 (0.55-1.16) 68 0.84 (0.60-1.19) 60 0.98 (0.67-1.45)

Q4 58 0.75 (0.50-1.12) 44 0.56 (0.37-0.85) 65 1.03 (0.69-1.53)

Q5 52 0.80 (0.51-1.25) 48 0.74 (0.47-1.16) 55 1.06 (0.68-1.66)

p for trend 0.63 0.13 0.98
Men (236,421)

Q1 218 1.00 195 1.00 216 1.00

Q2 158 0.98 (0.80-1.22) 169 1.10 (0.89-1.36) 159 1.01 (0.82-1.24)

Q3 137 1.02 (0.81-1.28) 141 1.04 (0.83-1.31) 128 1.01 (0.80-1.27)

Q4 108 1.04 (0.80-1.34) 116 0.99 (0.76-1.28) 104 0.99 (0.77-1.28)

Q5 91 0.96 (0.70-1.30) 91 0.95 (0.70-1.30) 105 1.03 (0.78-1.37)

p for trend 0.60 0.60 0.83
1Cox regression model stratified by age at recruitment, gender and centre and adjusted for 
smoking status, duration of smoking, lifetime number of cigarettes, energy intake from fat and 
non-fat sources; 2Cox regression model additionally adjusted for fruit consumption;
3Cox regression model additionally adjusted for vegetable consumption.
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Table 4.4: A d jus ted1 hazard ratios fo r  b ladder cancer by increasing observed and calibrated to ta l
vegetab les and to ta l fru it  (per 100 gram s a day) and vegetab le and fru it  subgroups consum ption
(per 25 gram s a day). The EPIC cohort study.

Vegetable consumption Fruit consumption
Hazard Ratio (95%CI)2 Hazard Ratio (95%CI)3

Total vegetables 0.96 (0.90-1.03) Total fruit 0.99 (0.95-1.03)

Calibrated 0.96 (0.81-1.14) Calibrated 0.98 (0.90-1.05)

Fruiting vegetables 1.02 (0.98-1.05) Hard fruit 0.98 (0.96-1.00)

Calibrated 1.00 (0.92-1.08) Calibrated 0.98 (0.95-1.02)

Leafy vegetables4 1.00 (0.94-1.06) Citrus fruit 1.02 (0.99-1.05)

Calibrated 0.90 (0.72-1.13) Calibrated 1.03 (0.98-1.08)

Root vegetables 0.93 (0.87-1.00) Citrus fruit incl
juice4,5,6,7 1.02 (1.00-1.04)

Calibrated 0.96 (0.83-1.11) Calibrated 1.03 (1.00-1.05)

Cabbage 0.99 (0.93-1.05) Stone fruit48 1.02 (0.96-1.08)

Calibrated 1.00 (0.84-1.19) Calibrated 0.91 (0.80-1.02)

Onion and Garlic4,5,8 0.92 (0.79-1.07) Grapes4,8,9 1.02 (0.92-1.12)

Calibrated 1.04 (0.72-1.49) Calibrated 0.92 (0.78-1.08)

Mushrooms4,8 0.94 (0.74-1.20) Berries46 1.05 (0.92-1.18)

Calibrated 1.02 (0.51-2.03) Calibrated 0.86 (0.59-1.24)

1Cox regression model stratified by age at recruitment, gender and centre and adjusted for 
smoking status, duration of smoking, lifetime number of cigarettes, energy intake from fat 
and non-fat sources; 2Cox regression model additionally adjusted for fruit consumption; 3Cox 
regression model additionally adjusted for vegetable consumption; 4Norway excluded because 
of missing data; 5France excluded because of missing data; 6United Kingdom excluded because 
of missing data; 7Naples excluded because of missing data; 8Umea excluded because of missing 
data; 9Denmark excluded because of missing data.

Fruits
C om paring the h ighest q u in tile  o f fru it  consum ption  w ith  the low est qu in tile , we 
found  a HR 1.04 (95%CI: 0.82-1.31) w ith  a p-trend=0.87. There was no he te rogene ity  
o f e ffec t by sm oking  sta tus and gender (p fo r  in teraction=0.70 and 0.62, respectively). 
We found  no association o f an increm ent o f fru it  consum ption  w ith  100 g/day on 
b ladder cancer risk: ca lib ra ted HR 0.98 (95%CI: 0.90-1.05). A m ong  never sm okers, 
however, we observed a borderline  s ta tis tica lly  s ign ifican t decreased risk w ith  
increm ents o f 100 g/day in fru it  consum ption  (HR 0.91 95%CI: 0.82-1.01; ca librated 
HR 0.87 95% CI: 0.70-1.08). Hard fru it  consum ption  w ith  increm ents o f 25 g/day was 
associated w ith  a 7% pro tective  association on b ladder cancer risk am ong never 
sm okers (HR 0.93 95%CI: 0.89-0.98; ca lib ra ted HR 0.90 95%CI: 0.82-0.98; data not 
show n).A dd itiona l ad jus tm en t fo r  occupationa l h is to ry  o f the partic ipan ts , excluding 
the firs t 2 years o f ne ither fo llo w -u p  nor the analyses res tric ting  to u ro the lia l cell 
carcinom as changed the hazard ratios m ate ria lly  (data not shown).
Figure 4.1b show s the hazard ratios associated w ith  fru it  consum ption  and b ladder 
cancer risk s tra tified  by country. C ountry-spec ific  risks varied c lose ly around un ity  
and there was no in teraction  betw een co un try  and the e ffec t o f f ru it  consum ption  on 
b ladder cancer risk (p fo r  interaction=0.87).
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Figure 4.1: (a) Vegetable consumption (per 100 g/day) and relative risk (hazard ratio, 95% 
confidence interval; Cox regression model stratified by age at recruitment, gender and centre 
and adjusted for smoking status, duration of smoking, lifetime number of cigarettes, energy 
intake from fat and nonfat sources and fruit consumption) of bladder cancer, by country 
(the size of the square is proportional to the number of cases by country).
(b) Fruit consumption (per 100 g/day) and relative risk (hazard ratio, 95% confidence interval; 
Cox regression model stratified by age at recruitment, gender and centre and adjusted for 
smoking status, duration of smoking, lifetime intensity of smoking, energy intake from fat 
and nonfat sources and vegetable consumption) of bladder cancer, by country (the size of the 
square is proportional to the number of cases by country).

Discussion
We found  no association o f h igher fru it  and vegetab le  consum ption  com bined or o f 
fru it  consum ption  separately, w ith  b ladder cancer risk in the fu ll cohort. There was 
som e suggestion  tha t the consum ption  o f f ru it  and vegetab les com bined and o f fru it
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separately, especia lly hard fru its , m ay p ro tect aga inst b ladder cancer risk am ong never 
sm okers. For the d iffe re n t subgroups o f vegetab les on ly  a borderline  s ta tis tica lly  
s ign ifican t decreased risk was found  fo r  the consum ption  o f roo t vegetables.
A  m eta-analysis showed a 47% increased risk o f b ladder cancer w ith  d ie ts low  in 
fru it  consum ption  (sm oking adjusted RR 1.47 95%CI: 1.25-1.74).13 The m eta-analysis 
included 8 studies (5 case-contro l stud ies and 3 co ho rt studies) w h ich  were adjusted 
fo r  sm oking. For low  consum ption  o f vegetab les a s ta tis tica lly  nons ign ifican t 
increased risk was found  (sm oking adjusted RR 1.15; 95%CI: 0.98-1.35) w h ich  was 
based on 8 studies (6 case-contro l stud ies and 2 coho rt studies).13 A fte r the pub lica tion  
o f th is  m eta-analysis, 4 o the r coho rt studies were pub lished on fru it  and vegetab le  
consum ption  and b ladder cancer risk. W ith in  the N etherlands C ohort S tudy (NLCS) 
no association betw een the to ta l consum ption  o f vegetab les and fru its  and the risk of 
b ladder cancer was observed, but a s ta tis tica lly  nons ign ifican t association between 
b ladder cancer risk and fru it consum ption  was observed (RR 0.74; 95%CI: 0.53-1.04, 
com paring  h ighest vs. low est qu in tile  o f consum ption ).21 NLCS is also the on ly  o ther 
co ho rt s tudy tha t pub lished data on hard fru its . They found  a risk ratio  o f 0.97 (95%CI: 
0.93-1.01) w ith  increm ents o f 25 g/day w hich  is in line w ith  our find ings  o f hard fru its  
w ith in  the fu ll cohort. The NLCS did not s tra tify  these find ings  by sm oking  s ta tus .21 
The Health Professionals Follow -up S tudy did not show  a s ta tis tica lly  s ign ifican t 
association betw een to ta l fru it  and vegetab les intake and the risk o f b ladder cancer 
in men, bu t they did find  an inverse association w ith  the consum ption  o f c ruc ife rous 
vegetab les (RR 0.49; 95%CI: 0.32-0.75 fo r  the h ighest ca tegory  o f cruc ife rous vegetab le  
intake com pared to the low est).22 The Nurses' Health S tudy and the m ost recent report 
o f a Swedish coho rt s tudy also did not observe any association fo r  fru it  and vegetab le  
consum ption  and b ladder cancer risk.14, 23 In com parison  to these find ings , our results 
are m ore in line w ith  the latest coho rt stud ies than w ith  the fin d ing s  o f the earlie r 
m eta-analysis, w h ich  was based p redom inan tly  on case-contro l studies. However, in 
the m eta-analysis the results fo r  low  fru it  consum ption  based on ly  on case-contro l 
stud ies w ere identica l to the results based on ly  on coho rt studies. For low  vegetab le  
consum ption , e ffects w ere s tronge r w hen based on case-contro l studies only. M ore 
recent case-contro l stud ies found  no overall e ffec t o f vegetab le  consum ption  on 
b ladder cancer risk .24-27 Two case-contro l studies found  a p ro tective  e ffec t o f fru it 
consum ption  on b ladder cancer risk.24, 25 Results from  case-contro l stud ies are known 
to  be sensitive  to  se lection and recall bias. B ladder cancer patients m ay have changed 
th e ir d ie ta ry  habits or report th e ir d ie t in a d iffe re n t w ay com pared to  the contro ls. 
The suggestion  o f an inverse association o f consum ption  o f roo t vegetab les w ith  
b ladder cancer m ay be the resu lt o f m u ltip le  testing . M oreover, it was a ttenuated a fte r 
ca lib ra tion . The subgroup  roo t vegetab les m a in ly  consist o f carrots, a rich source 
o f som e caroteno ids. Zeegers e t al. also found  in the N etherlands C ohort S tudy 
tha t carrots m igh t decrease the risk o f b ladder cancer.21 Four case-contro l studies 
showed a pro tective  e ffec t o f increased caroteno ids intake in re la tion to b ladder 
cancer risk26, 28-30 but th is  was not seen in 3 coho rt s tud ies.23, 31 32 
C igarette sm oking  is the m ost im p o rta n t estab lished risk fa c to r fo r  b ladder cancer.4 
The e ffec t o f vegetab les and fru it intake on the risk o f b ladder cancer m ay d iffe r 
betw een sm okers and non sm okers. A n tiox id an ts  in vegetab les and fru its  may pro tect 
aga inst the dam age caused by free  radicals in c igare tte  smoke. On the o the r hand, 
ox ida tive  stress due to  sm oking  can poss ib ly  reach such a high level, tha t an tiox idan ts  
are not su ffic ie n tly  capable to p ro tec t aga inst ox ida tive  stress anym ore .23 We found  
no s ta tis tica lly  s ign ifican t in teraction  w ith  sm oking status, bu t we did see a s tronger 
ind ica tion  o f an inverse association o f b ladder cancer risk w ith  increased fru it  and 
vegetab le  consum ption  com bined and fru it consum ption  alone am ong never sm okers 
than am ong smokers.
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We w ere able to look at the influence o f a h is to ry  o f high risk occupations in relation 
to  b ladder cancer, i.e., occupations from  types o f ind us try  w ith  exposure to m etals, 
PAHs and a rom atic  am ines, in a subset o f the cohort. We did not see a d iffe rence 
betw een the m odels co rrecting  fo r  occupation  exposure and m odels w ith o u t th is 
co rrection. It is possib le  tha t th is  is due to sm all num bers o f observa tions (n=229,401). 
However, m any o f the carcinogens related to  b ladder cancer (and o the r cancers) have 
been banned from  the w orkp lace  fo r  several decades and pro tective  m easures have 
been taken in s itua tions o f o the r exposures.4, 11 So, it is also possible  tha t the actual 
exposure to carcinogens w ith in  high risk occupations is reduced to a m in im um . 
A dd itiona lly , we o n ly  could use a rather crude m easurem ent o f exposure, because we 
on ly  had the data on selected high risk occupations, w h ich  we linked to the exposures 
o f specific  carcinogens.
A  m ajor s trength  o f EPIC is the w ide  range in b ladder cancer incidence rates and 
in d ie ta ry  and lifes ty le  habits due to the pa rtic ipa tion  o f m any countries. A  general 
weakness o f studies on d ie t is the potentia l fo r  m easurem ent e rrors in the d ie ta ry  
assessm ent m ethods. The weak associations observed in our s tudy could poss ib ly  
be due to lim ita tion s  o f the food  frequency questionna ires. It is know n tha t fru it  and 
vegetab le  consum ption  are freq ue n tly  over-repo rted .33, 34 Subjects w ith  a poor d ie t 
m ay over-repo rt intake to  a larger degree com pared to  subjects w ith  a hea lthy diet. 
W ith in  the EPIC s tudy 24HR m easurem ents are co llected w ith in  a representative  
subcohort o f the popu la tion  w h ich  makes it possib le  to co rrect fo r  system atic  over- 
and underestim ation  o f d ie ta ry  intakes across pa rtic ipa ting  centres. However, also 
24HR m easurem ents are a ffected  to some exten t by m easurem ent e rro r20 tha t in 
part is corre la ted to  errors o f the d ie ta ry  questionna ires w h ich  a ffects the ca lib ra tion  
results. We found  no substantia l d iffe rences betw een the observed hazard ratios and 
the ca lib ra ted hazard ratios. W ith in  EPIC changes in d ie ta ry  and lifes ty le  habits during  
the fo llo w -u p  period are not available. On the o the r hand, because o f the re lative long 
la tency period o f cancer, changes in d ie t and lifes ty le  m ay not have a d irect e ffec t on 
disease risk. D iet long before  enro lm en t is perhaps o f m ore influence. We stra tified  
ou r analysis by centre to  co rrect fo r  the use o f d iffe ren t d ie ta ry  assessm ent across 
d iffe re n t s tudy centres, accord ing to EPIC-wide policy. Because o f th is  s tra tifica tion  
we also take d iffe rences in incidence rates, w h ich  m ay be caused by d iffe rences in 
fo llo w -u p  m ethods, in to  account. We found  especia lly low  incidence rates fo r  France 
and Norway, w h ich  could pa rtly  be expla ined by the fac t tha t these centres on ly 
include w om en. However, w e consider it h igh ly  un like ly  tha t the sm all num ber of 
cases con tribu ted  by these countries m ay have in fluenced our results. Because of 
th is  s tra tifica tion , the w ide  range in b ladder cancer incidence and d ie ta ry  and lifes ty le  
hab its due to  the invo lvem en t o f m any centres is p a rtly  taken away. On the o ther 
hand, in o rder to  exp lo it the fu ll range o f fru it  and vegetab le  consum ption  EPIC w ide  
cu t po in ts fo r  the consum ption  o f fru it and vegetab les w ere used.
In conclus ion, ou r fin d ing s  do not suppo rt an overall e ffec t o f fru it and vegetab le  
consum ption , com bined or separately, on b ladder cancer risk.
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Abstract

Introduction
Recent research does not show  an association betw een fru it  and vegetab le  
consum ption  and b ladder cancer risk. None o f these studies investiga ted  va rie ty  in fru it 
and vegetab le  consum ption , w h ich  may capture d iffe re n t aspects o f consum ption .

Methods
We investigated w he ther a varied consum ption  o f vegetab les and fru its  is associated 
w ith  b ladder cancer risk in the European Prospective Investigation  in to  Cancer and 
N u trition  (EPIC) study. Detailed data on food  consum ption  and com ple te  fo llo w -u p  
fo r  cancer incidence w ere available fo r  452,185 partic ipants , w ho  w ere recruited from  
ten European countries. A fte r a mean fo llo w -u p  o f 8.7 years, 874 partic ipan ts  were 
d iagnosed w ith  b ladder cancer. D iet d ive rs ity  scores (DDSs) w ere used to  qua n tify  
the va rie ty  in fru it  and vegetab le  consum ption . M u ltiva riab le  Cox p ropo rtiona l hazard 
m odels w ere used to assess the e ffec t o f the DDSs on b ladder cancer risk.

Results
There was no evidence o f a s ta tis tica lly  s ign ifican t association betw een b ladder 
cancer risk and any o f the DDSs w hen these scores w ere considered as con tinuous 
covariates. However, the hazard ratio  (HR) fo r  the h ighest te rtile  o f the DDS fo r 
com bined fru it  and vegetab le  consum ption  was m arg ina lly  s ign ifican t com pared to 
the low est (HR 1.30, 95% confidence in terva l: 1.00-1.69, p-trend=0.05).

Conclusion
In EPIC, there is no clear association betw een a varied fru it  and vegetab le  consum ption  
and b ladder cancer risk. This fin d ing  provides fu rth e r evidence fo r  the absence o f any 
s trong  association betw een fru it  and vegetab le  consum ption  as m easured by a food  
frequency questionna ire  and b ladder cancer risk.
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Introduction
Fruit and vegetab les are a source o f v itam ins , m inera ls and o the r b ioactive  
com pounds and are also low  in energy. A ll o f these fac to rs  can in fluence cancer risk 
by va rious m echanism s.1 A  m eta-analysis pub lished in 2001 reported an elevated 
b ladder cancer risk am ong subjects w ith  low  vs. high fru it  consum ption  (RR 1.47, 
95% confidence in terva l (95%CI): 1.25-1.74); the analyses suggested a weak positive  
association betw een low  vegetab le  consum ption  and b ladder cancer risk (RR 1.15, 
95%CI: 0.98-1.35) com pared to a high consum ption  o f vege tab les.2 A  recent rev iew  by 
an in te rna tiona l panel o f experts, coord inated  by WCRF/AICR, concludes tha t there is 
on ly  lim ited  evidence suggesting  tha t fru its  and vegetab les p ro tect aga inst b ladder 
cancer.1 This conclusion was based on a sm all num ber o f stud ies and on the fac t that 
these studies found  o n ly  s ligh tly  reduced risks, especia lly fo r  the consum ption  of 
vegetables. M ore recently, Larsson e t al. pub lished a null fin d ing  o f fru it  and vegetab le  
consum ption  and b ladder cancer risk in a Swedish coho rt s tudy.3 In line w ith  th is  null 
fin d ing , we found  no e ffec t o f fru it  and vegetab le  consum ption  on b ladder cancer risk 
in the European Prospective Investigation  in to  Cancer and N u trition  (EPIC).4 
None o f the studies on fru it  and vegetab le  consum ption  and b ladder cancer risk 
evaluated d ive rs ity  o f fru it and vegetab le  consum ption . Fruit and vegetab les conta in 
m any d iffe re n t b ioactive  com pounds. None o f these b ioactive  com pounds is found  
to  be so le ly  responsib le  fo r  decreasing cancer risk.1 S im p ly  looking at the qua n tity  
o f f ru it  and vegetab le  consum ption  m igh t there fo re  no t fu lly  capture the m echanism  
responsib le  fo r  decreasing cancer risk. Looking at the d ive rs ity  o f f ru it  and vegetab le  
consum ption , re flecting  an intake o f m any d iffe ren t b ioactive  com pounds present 
in fru it  and vegetab les, may com p lem en t the research on fru it and vegetab le  
consum ption  and cancer risk.
The d ie t d ive rs ity  score (DDS) is freq ue n tly  used to  m easure the va rie ty  o f diets. 
The DDS usua lly  m easures the num ber o f d iffe ren t pre-defined food  groups eaten 
over a certa in  period o f tim e, bu t it can also be used to m easure the va rie ty  w ith in  a 
specific  food  g roup .5 The DDS fo r  to ta l d ie t and specific  food  groups has a lready been 
associated w ith  risks o f several cancers such as co lo recta l cancer,5-8 gastric  cancer,9 
oral and pharyngeal cancer,10, 11 squam ous cell oesophageal cancer12 and breast 
cancer.13 In all bu t one o f these s tud ies,8 decreased risks w ere reported w ith  increased 
va rie ty  in d ie t especia lly w ith  increased d ive rs ity  in vegetab le  consum ption .
To our know ledge, no studies have investigated the in fluence o f va rie ty  in the 
consum ption  o f fru it and vegetab les on the deve lopm ent o f b ladder cancer. We 
postu la te  tha t a habitual d ie t rich in d iffe re n t types o f vegetab les and fru it,  re flecting 
a m ixed intake o f potentia l p lant-based anticarc inogens, may p ro tec t against b ladder 
cancer. This hypothesis is tested in the EPIC.

Material and Methods

Study participants
The EPIC is a m u lticen te r coho rt s tudy designed to  investigate  the re la tions between 
d ie t, lifes ty le  and env ironm enta l fac to rs  and the incidence o f cancer. The to ta l coho rt 
consists o f cohorts  o f men and w om en recru ited in 23 centres in ten European 
countries: Denmark, France, Germany, Greece, Italy, The Netherlands, Norway, Spain, 
Sweden and the United K ingdom . The popu la tions and m ethods have been described 
in fu ll e lsewhere.14 In brief, the EPIC co ho rt consists o f 521,468 subjects, m os tly  aged 
25-70 years, recruited during  the period 1991-2000 m os tly  from  the general popu la tion ,
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w ith  some exceptions,14 resid ing in a specific  geographica l area, a tow n or a province. 
A ll partic ipan ts  gave w ritte n  in fo rm ed consent, and the s tudy was approved by the 
local e th ics com m ittee  in the pa rtic ipa ting  countries and the Internal Review Board o f 
the In te rnationa l Agency fo r  Research on Cancer.14

Diet and lifestyle questionnaires
A t baseline, usual d ie t re flecting  the 12 m onths before  enro lm en t was m easured by 
coun try -spec ific  va lidated questionna ires designed to capture local d ie ta ry  habits 
and provide  high com pliance.15 A lthough  the design o f the questionna ires was based 
on the same general fo rm a t, there  were d iffe rences betw een the questionna ires 
used in several countries. Extensive quan tita tive  d ie ta ry  questionna ires w ere used 
in northe rn  Italy, The N etherlands and G erm any (se lf-adm in istered) as w ell as in 
Greece (in te rv iew er-adm in iste red). In France, Spain and Ragusa (Italy), in te rv iew er 
adm in is te red  questionna ires s im ila r to  the d ie ta ry  questionna ires, but s tructured  
by m eals, w ere used. To increase com pliance, the centres in Spain and Ragusa 
perfo rm ed a face-to-face in te rv ie w  using a com puterized program . Sem iquantita tive  
food  frequency questionna ires w ith  the same standard portion  assigned to all 
partic ipan ts  were used in Denmark, Norway, Naples (Italy) and Umeâ (Sweden). In 
M alm ö (Sweden), a non -quan tita tive  food  frequency questionna ire  was com bined 
w ith  a 14-day record on hot meals, and in the United K ingdom , a sem iquantita tive  
food  frequency questionna ire  and a 7-day record w ere used.14 Details o f food  item s 
included in the selected vegetab les and fru its  subgroups used in the analysis have 
been reported in fu ll by Agudo  e t al.16
Lifesty le  questionna ires included questions on education, occupation, m edical 
h is tory, life tim e  h is to ry  o f consum ption  o f tobacco and physical ac tiv ity .14, 17

DDS for vegetable and fruit consumption
C ountry-spec ific  d ie ta ry  questionna ires d iffe red  in the num ber o f vegetab les and 
fru its  included. To im prove be tw een -coun try  co m p a rab ility  o f the scores, w e decided 
to  on ly  select vegetab le  and fru it  item s asked about in fo u r or m ore coun try -spec ific  
d ie ta ry  questionna ires, th is  included the m a jo rity  o f products. We w ere not able to 
use data from  the M alm ö center (Sweden), because frequency o f consum ption  data 
was not availab le in the central dataset.
Based on the baseline d ie ta ry  questionna ires, fo u r d iffe re n t DDSs w ere calculated: 
DDSvegfr (range 0-40) counts the to ta l num ber o f d iffe re n t vegetab le  and fru it  item s 
eaten at least once in 2 weeks. DDSveggr (range 0-8) counts the to ta l num ber of 
d iffe re n t vegetab le  subgroups eaten at least once in 2 weeks. DDSvegpr (range 0-26) 
counts the to ta l num ber o f d iffe re n t vegetab le  p roducts  eaten at least once in 2 weeks. 
DDSfr (range 0-14) counts the to ta l num ber o f d iffe re n t fru it item s eaten at least once 
in 2 weeks.

Follow-up and endpoints
Follow -up was based on popula tion-based cancer reg istries in seven o f the 
pa rtic ipa ting  countries: Denmark, Italy, The N etherlands, Norway, Spain, Sweden and 
the United K ingdom . In France, G erm any and Greece, a com b ina tion  o f m ethods was 
used, inc lud ing  health insurance records, cancer and pa tho logy  hosp ita l reg istries 
and active fo llo w -u p . M o rta lity  data w ere also co llected from  reg istries at the regional 
o r national level.14 Censoring dates fo r  com ple te  fo llo w -u p  were betw een December 
2002 and Decem ber 2005. For G erm any and Greece w here  active fo llo w -u p  m ethods 
w ere used, the end o f fo llo w -u p  was defined as the last know n date o f contact, the
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date o f d iagnosis or the date o f death, w h icheve r came firs t. M o rta lity  data w ere coded 
fo llo w in g  the rules o f ICD-10, and cancer incidence data fo llo w in g  ICD-O ncology, th ird  
ed ition . For the cu rren t analysis, partic ipan ts  w ere fo llo w ed  from  study en try  until a 
firs t p rim ary  b ladder cancer d iagnosis (code C67), death, em igra tion  or end o f the 
fo llo w -u p  period. B ladder cancer cases w ith  the m o rph o lo gy  codes 8980 
(carcinosarcom a), 9590 (m alignant lym phom a), 9671 (m alignant lym phom a, 
lym phop lasm acytic ) and w ith  behaviour coded as "b e n ig n " (5th d ig it o f the 
m o rph o lo gy  code is zero) were censored at tim e  o f d iagnosis. Behaviour coded as 
''unce rta in  w he the r benign or m a lignan t,'' ''ca rc inom a in s itu '' o r ''m a lig n a n t" were 
included as cases.
A  subset analysis was perfo rm ed on u ro the lia l cell pap illom as and carcinom as on ly  
(m o rpho logy codes 812-813; fu rth e r referred to as UCC), the p redom inan t cell type  in 
b ladder cancer.

Statistical analysis
Cox p ropo rtiona l hazard regression was used to  analyze the association betw een the 
DDSs and b ladder cancer. Age was used as the p rim a ry  tim e  variab le  in the m odels 
w ith  en try  tim e  defined as age at recru itm en t and exit tim e  as age at d iagnosis, 
age at death or age at end o f fo llo w -u p , w h icheve r came firs t. A ll analyses were 
s tra tified  by age at recru itm en t (in 1-year categories) to  con tro l fo r  length  o f fo llo w -u p  
and by gender and centre to  contro l fo r  co un try  e ffects such as fo llo w -u p  procedures 
and questionna ire  design. Cases diagnosed a fte r censoring date w ere considered as 
non-cases.
A  to ta l o f 453,458 partic ipan ts  had provided data fo r  the construc tion  o f the fo u r 
DDSs and did not have a h is to ry  o f cancer at baseline. We excluded partic ipants  
w ith  incom p le te  non -d ie ta ry  in fo rm a tion  (n=784), partic ipan ts  w ith  m issing data 
on d ie ta ry  in fo rm a tion  (n=30) and partic ipan ts  w ith  a ratio  fo r  energy intake versus 
energy expend iture  in the top  and bo ttom  1% o f all EPIC partic ipants  (n=459). A  to ta l 
o f 452,185 partic ipants  were le ft fo r  analysis.
The DDSs w ere d iv ided  in to  te rtiles , w ith  the low est te rtile  as reference category. 
To analyze the e ffec t o f va rie ty  in fru it  and vegetab le  consum ption  independen t o f the 
am oun t o f fru it  and vegetab les consum ed, we adjusted DDSvegfr fo r  the to ta l am ount 
o f vegetab le  and fru it  consum ption , DDSveggr and DDSvegpr fo r  the to ta l q ua n tity  of 
vegetab le  consum ption  and DDSfr fo r  the to ta l qua n tity  o f f ru it  consum ption .
A ll m odels except those s tra tified  by sm oking  status w ere adjusted fo r  sm oking 
sta tus (current, fo rm e r and never), dura tion  o f sm oking (years) and life tim e  in tens ity  
o f sm oking (cigarettes per day). To im prove e rro r co rrection , estim ated energy 
intake was d iv ided  in to  energy from  fa t and energy from  non-fa t sources, because 
it is m os tly  the non-fa t com ponen ts  o f the d ie t tha t con tribu te  to fru it, vegetab les 
and fib e r intake. A ll m odels included energy intake from  fa t and non- fa t sources 
(kcal/day). The fo llo w in g  variab les w ere tested in the m odel as potentia l confounders 
bu t show ed no e ffec t on the m odel param eters and w ere there fo re  not included in 
the fina l m odel: he ight, w e igh t, consum ption  o f red and processed m eat, alcohol 
consum ption , physical a c tiv ity  and educational level. Ind ica tor variab les w ere used 
fo r  m issing values.
We derived p ro b a b ility  va lues fo r  a linear trend across te rtile s  from  regression m odels 
using the m edian consum ption  w ith in  the te rtiles  as a continuous variab le, hereby 
taking the unequal d istances o f the te rtile s  in to  account.
In te raction  (on the m u ltip lica tive  scale) by sm oking  status was tested by inc lud ing  the 
p roduct te rm s o f te rtile s  o f DDS w ith  sm oking  status.
To evaluate w he the r preclin ica l disease m ay have in fluenced results, add itiona l
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analyses w ere conducted a fte r exclusion o f cases tha t w ere diagnosed w ith in  
2 years a fte r recru itm en t. We also perfo rm ed  an analysis using on ly  cases diagnosed 
w ith  u ro the lia l cell carcinom as as endpo in t. A ll analyses w ere perfo rm ed using SAS 
vers ion  9.1 (SAS Institu te , Cary, NC).

Table 5.1: Age-standardized incidence rates of primary bladder cancer. The EPIC cohort study.

Country Person years First primary 
bladder cancer

Urothelial cell 
carcinoma1

Incidence rate 
of firs t primary 
bladder cancer 

per 100,000 
person years2

Total cohort 3,902,598 874 795 76.06

Women 2,789,365 270 238 12.46

Denmark 215,365 40 39 16.37

France 736,299 29 20 4.68
Germany 227,026 41 32 29.11

Greece 107,855 2 2 3.52
Italy 257,175 34 33 18.20
The Netherlands 228,726 32 31 13.03

Norway 210,208 11 11 15.20
Spain 240,725 14 13 10.63
Sweden 129,631 13 13 18.65

United Kingdom 436,355 54 44 15.23

Men 1,113,232 604 557 63.60

Denmark 195,017 169 164 79.07

France3 -- -- -- --
Germany 174,129 86 73 62.70
Greece 72,996 20 13 30.13
Italy 118,683 73 66 79.82

The Netherlands4 81,283 27 27 69.17
Norway3 -- -- -- --
Spain 153,538 81 74 65.61

Sweden 127,499 32 31 40.77
United Kingdom 190,086 116 109 46.27

The group "urothelial cell carcinomas" includes urothelial cell papillomas and carcinomas 
morphology codes 812 and 813, and behaviour coded as 'uncertain whether benign or 
malignant', 'carcinoma in situ' and/or as 'malignant'), but excludes inverted papillomas (8121/1). 
For each country (5-year) age-standardized (European standard population) incidence rates for 
bladder cancer were computed for the common age range of 50 to 69 years of age.
The French and Norwegian cohorts consist of women only 
The Dutch EPIC centre Utrecht cohort consists of women only
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Results
A fte r a mean fo llo w -u p  o f 8.7 years, 874 partic ipants  were new ly  d iagnosed w ith  a f irs t 
b ladder cancer, o f w h ich  795 (91%) were uro the lia l cell carcinom a. Table 5.1 shows 
the frequency o f b ladder cancers by gender and country. Based on the com m on age 
range o f 50-69 years and standardized to the European Standard popu la tion , the male 
to  fem ale  incidence ratio  o f b ladder cancer was 5:1, w ith  an overall incidence rate per 
100,000 person-years fo r  men o f 63.6 and fo r  w om en 12.5.
In general, partic ipants  w ith  a h igher va rie ty  in fru it and vegetab le  consum ption  
(DDSvegfr) w ere m ore o ften  w om en, had a low er BMI, were m ore o ften  never sm okers, 
w ere h igher educated and w ere m ore like ly  to consum e a lcohol and consum ed m ore 
fru it  and vegetab les (Table 5.2). Ind iv idua ls  in the m idd le  te rtile  o f D DSvegfr consum ed 
the m ost red and processed meat.
Ad justed  hazard ratios (HRs) fo r  b ladder cancer by te rtile s  o f the fo u r DDSs fo r  the 
w ho le  coho rt and by sm oking sta tus are presented in Table 5.3. None o f the DDSs 
was associated w ith  risk o f b ladder cancer in the postu lated d irection . There is 
som e ind ica tion  o f an increased b ladder cancer risk w ith  increased va rie ty  in fru it 
and vegetab le  p roducts  consum ed (DDSvegfr) w ith  a HR o f 1.30 (95%CI: 1.00-1.69) 
com paring  the h ighest te rtile  w ith  the low est te rtile  and a p fo r  trend o f 0.05. This 
increased risk was m ost obvious am ong never sm okers (HR 1.72, 95%CI: 1.00-2.97; 
p-trend=0.05). The continuous HR estim ates did not reach s ta tis tica l s ign ificance (HR 
fo r  w ho le  coho rt 1.02, 95%CI: 0.99-1.06; HR in never sm okers 1.04, 95% CI: 0.98-1.11). 
In general, there  w ere no d iffe rences betw een curren t, fo rm e r and never sm okers 
w ith  p-values fo r  in teraction  ranging betw een 0.74 fo r  DDSfr and 0.97 fo r  DDSveggr. 
There was no evidence o f an association o f any DDS w ith  b ladder cancer in 
e ithe r men o r w om en, e ithe r overall o r w ith in  categories o f smoker. In men, the 
re la tionsh ip  observed fo r  DDSvegfr show s a com parab le  pattern  as show n in Table 
5.3 and approached s ta tis tica l s ign ificance (HR upper te rtile  1.38, 95%CI: 1.00-1.91; 
HR continuous 1.04, 95%CI: 0.99-1.06) in pa rticu la r am ong never sm okers (HR upper 
te rtile  2.22, 95%CI: 0.88-5.57; HR continuous 1.10, 95%CI: 0.97-1.25). There is an 
ind ica tion  o f a p ro tective  e ffect on b ladder cancer w ith  increasing va rie ty  in fru it 
consum ption  am ong w om en (DDSfr; HR 0.74, 95%CI: 0.49-1.11, com paring  the h ighest 
te rtile  w ith  the low est te rtile ; p-trend=0.12) in pa rticu la r am ong ever-sm oking w om en 
(HR h ighest versus low est te rtile  0.55, 95%CI: 0.32-0.97, p fo r  trend 0.03) w ith o u t a 
s ta tis tica l s ign ifican t e ffec t in the continuous analysis.
The HRs did not change w hen the analyses w ere repeated excluding the nonurothe lia l 
cell carcinom as. S im ila rly , excluding the firs t 2 years o f fo llo w -u p  did not influence 
the results.
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Table 5.2: Baseline characteristics by tertiles of the Diet Diversity Score for intake of vegetables 
and fruits (for quantitative variables mean (SD) and for qualitative variables, percentages).
The EPIC Cohort Study

Full cohort DDS vegetable & fru it products 
(DDSvegfr)

1 2 3

Cut-off values tertiles -- 0-11 12-19 20-40

General characteristics

Men (%) 29 33 36 18

Age at recruitment (year) 51
(9.9)

50
(8.7)

52
(9.8)

50
(10.9)

Height (cm) 165.8
(8.9)

167.1
(8.8)

166.0
(9.4)

164.5
(8.2)

Weight (kg) 70.1
(13.7)

71.5
(13.9)

72.2
(13.5)

66.6
(13.0)

BMI (kg/m2) 25.4
(4.3)

25.5
(4.3)

26.2
(4.3)

24.6
(4.2)

Physical active (%)1 43 41 42 44

Diet

Energy (kcal/day) 2077.8
(621.1)

1922.7
(616.0)

2118.5
(622.9)

2179.4
(595.9)

Energy from fat sources (kcal/day) 744.2
(272.7)

684.8
(262.4)

757.0
(262.4)

786.1
(283.0)

Energy from non-fat sources (kcal/day) 1333.6
(408.3)

1237.9
(402.7)

1361.5
(418.2)

1393.3
(386.7)

Consumption of vegetables (g/day) 214.2
(147.8)

138.3
(109.0)

197.1
(116.6)

302.2
(162.0)

Consumption of fru it (g/day) 241.4
(197.1)

155.1
(139.5)

243.3
(182.7)

319.5
(222.5)

Alcohol non-consumers (%) 7 10 8 3

Alcohol consumption (g/day) 2 6.4 4.8 7.8 6.6

Red and processed meat (g/day) 75.8
(51.5)

76.4
(50.8)

84.3
(52.1)

66.5
(50.0)
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Table 5.2 (continued): Baseline characteristics by tertiles of the Diet Diversity Score for intake 
of vegetables and fruits (for quantitative variables mean (SD) and for qualitative variables, 
percentages). The EPIC Cohort Study

Full cohort DDS vegetable & fru it products 
(DDSvegfr)

1 2 3

Smoking status (%)

Never smokers 50 45 46 58

Former smokers 27 26 28 25

Lifetime number of cigarettes 
(cig/day)

9.4
(9.8)

8.5
(9.5)

11.0
(9.6)

8.5
(10.0)

Smoke duration (years) 16.7
(11.7)

16.2
(11.5)

18.3
(11.9)

15.4
(11.3)

Age at start smoking (years) 18
(6.2)

18
(6.0)

18
(5.8)

18
(6.8)

Time since quitting smoking (years) 14.3
(10.4)

13.5
(10.2)

14.2
(10.5)

15.1
(10.5)

Current smokers 22 27 25 15

Lifetime number of cigarettes 
(cig/day)

10.9
(8.5)

10.8
(8.5)

11.8
(8.1)

9.6
(9.1)

Smoke duration (years) 29.3
(10.9)

29.9
(9.8)

30.2
(10.9)

26.8
(11.9)

Age at start smoking (years) 19
(6.4)

19
(5.9)

19
(6.5)

19
(7.2)

Unknown 1 2 1 1

Education level (%)

None 4 4 7 2

Primary school 23 28 27 13

Technical/professional school 23 26 26 16

Secondary school 24 22 20 31

University degree 24 20 19 33

Not specified 2 0 2 5

1Cambridge Physical Activity Index incorporates occupational and non-occupational 
physical activity.17
2Median consumption of alcohol excluding non-consumers
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Table 5.3: A d jus ted1 hazard ratios and 95% confidence in terva ls (95%Cls) fo r  b ladder cancer by te rtiles  o f the fou r d iffe ren t Diet D ivers ity  Scores
(DDS) fo r the fu ll cohort and by sm oking status.The EPIC cohort study.

Full cohort Current smokers Former smokers Never smokers

Range of 
products/ 
product 
groups

cases Hazard Ratio 
(95% Cl) cases Hazard Ratio 

(95% Cl) cases Hazard Ratio 
(95% Cl) cases Hazard Ratio 

(95% Cl)

DDS vegetable & fru it products (DDSvegfr)2 3

T1 0-11 284 1 132 1 90 1 62 1

T2 12-19 395 1.13 (0.94-1.36) 167 1.11 (0.85-1.46) 152 1.15 (0.84-1.58) 76 1.13 (0.74-1.72)

T3 20-40 191 1.30 (1.00-1.69) 51 1.27 (0.83-1.96) 76 1.11 (0.71-1.72) 64 1.72 (1.00-2.97)

p-trend 0.05 0.26 0.72 0.05

Continuous per 
2 products increment 1.02 (0.99-1.05) 1.03 (0.97-1.09) 1.00 (0.94-1.05) 1.04 (0.98-1.11)

DDS vegetable product groups (DDSveggr)3

T1 0-5 326 1 137 1 111 1 78 1

T2 6-7 325 1.00 (0.83-1.19) 138 1.05 (0.80-1.38) 114 0.95 (0.70-1.30) 73 1.02 (0.69-1.51)

T3 8 219 1.19 (0.94-1.51) 75 1.39 (0.97-1.99) 93 1.00 (0.68-1.49) 51 1.25 (0.74-2.12)

p-trend 0.43 0.24 0.92 0.61

Continuous per 
1 product group increment 1.01 (0.96-1.07) 1.04 (0.96-1.14) 0.98 (0.89-1.07) 1.02 (0.91-1.16)
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Table 5.3 (continued): A d ju s te d 1 hazard ratios and 95% confidence in terva ls (95%Cls) fo r b ladder cancer by te rtiles o f the  fo u r d iffe ren t D iet D ivers ity
Scores (DDS) fo r the fu ll cohort and by sm oking status.The EPIC cohort study.

Full cohort Current smokers Former smokers Never smokers

Range of 
products/ 
product 
groups

cases Hazard Ratio 
(95% Cl) cases Hazard Ratio 

(95% Cl) cases Hazard Ratio 
(95% Cl) cases Hazard Ratio 

(95% Cl)

DDS vegetables products (DDSveg)3

T1 0-7 281 1 130 1 90 1 61 1

T2 8-13 388 1.03 (0.87-1.23) 160 0.93 (0.71-1.22) 148 1.08 (0.80-1.47) 80 1.19 (0.79-1.78)

T3 14-26 201 1.16(0.90-1.50) 60 1.28 (0.85-1.91) 80 0.93 (0.60-1.44) 61 1.56(0.90-2.72)

p-trend 0.26 0.27 0.99 0.12

Continuous per 
2 products increment 1.04 (0.99-1.09) 1.04 (0.97-1.12) 1.01 (0.94-1.09) 1.08 (0.98-1.18)

DDS fru its  products (DDSfr)2

T1 0-3 343 1 159 1 116 1 68 1

T2 4-7 375 1.06 (0.90-1.25) 146 1.08 (0.83-1.40) 146 1.09 (0.83-1.43) 83 0.91 (0.63-1.31)

T3 8-14 152 0.99 (0.77-1.28) 45 0.84 (0.54-1.31) 56 0.99 (0.65-1.52) 51 1.14(0.69-1.88)

p-trend 0.98 0.55 0.94 0.61

Continuous per 2 
products increment 1.01 (0.95-1.07) 1.02 (0.92-1.13) 0.97 (0.87-1.08) 1.03 (0.92-1.17)

'Cox regression model stratified by age at recruitment, gender and centre and adjusted for smoking status, duration of smoking, lifetime number 
of cigarettes, energy intake from fat and non-fat sources; 2Cox regression model additionally adjusted for fruit consumption; 3Cox regression model 
additionally adjusted for vegetable consumption.
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Discussion
O verall, w e found  no re lation betw een the va rie ty  in fru it  and/or vegetab le  
consum ption  and b ladder cancer risk. There was on ly  a suggestion tha t a greater 
va rie ty  in vegetab les and fru its  m ay increase the risk o f b ladder cancer in never 
sm okers, in pa rticu la r never-sm oking men. Conversely, in ever-sm oking w om en, 
ou r results suggest tha t increasing va rie ty  in fru its  m ay decrease the risk o f b ladder 
cancer. However, these opposite  find ings  are not supported  by s ta tis tica lly  s ign ifican t 
con tinuous risk estim ates and may there fo re  be due to chance. O ur overall results 
p rovide  fu rth e r evidence tha t fru it  and vegetab le  consum ption  does not s tron g ly  a lter 
b ladder cancer risk.
DDSs w ere p rev ious ly  used to describe the va rie ty  w ith in  d ie ts o r food  groups. 
Jansen e t al. looked spec ifica lly  at the d ive rs ity  o f fru it  and vegetab le  consum ption  
in re lation to cancer risk in the Zutphen coho rt s tudy and found  decreased overall 
cancer risks am ong the ind iv idua ls  w ith  a high va rie ty  in vegetab le  consum ption , but 
observed on ly  an inverse re la tionsh ip  betw een to ta l cancer risk and va rie ty  in fru it 
consum ption  a fte r exclusion o f the firs t 2 years o f fo llo w -u p .18
Nine case -con tro l studies looked at the re la tionsh ip  betw een the d ive rs ity  in overall 
d ie t and w ith in  specific  food  groups and the risk o f several cancers.5-13 Three studies 
found  reduced co lo recta l cancer risk w ith  increased va rie ty  in to ta l d ie t and especia lly 
w ith  increased va rie ty  in vegetab le  consum p tion .5-7 By contrast, McCann e t al. 
reported  increased risks o f co lon cancer w ith  increased va rie ty  w ith in  the to ta l d ie t 
am ong men, w hereas va rie ty  in vegetab le  consum ption  did seem to  have a p ro tective  
e ffec t on colon cancer risk.8 A lso  fo r  gastric  cancer,9 oral and pharyngeal cancer,10, 11 
breast cancer13 and squam ous cell carcinom a o f the esophagus,12 p ro tective  e ffects 
w ere found  fo r  a m ore d iverse d ie t, especia lly a m ore d iverse consum ption  of 
f ru it  and vegetables. For gastric, oesophagus and oral and pharyngeal cancer, the 
WCRF/AICR expert report concludes tha t there is p robable  evidence o f a decreased 
risk w ith  increased consum ption  o f vegetab les and fru its .1 This could ind icate  that 
fo r  cancers show ing an inverse association w ith  the am ount o f vegetab les and fru its  
consum ed there  are also ind ica tions fo r  an inverse association w ith  increased va rie ty  
in vegetab le  and fru it  consum ption . However, fo r  colon cancer, WCRF/AICR on ly  
found  lim ited  suggestive  evidence and fo r  breast cancer no evidence was found  fo r  a 
decreased risk w ith  increased consum ption  o f vegetab les and fru it.1 
The m ost im p o rta n t risk fa c to r fo r  b ladder cancer is tobacco sm oking .19 The 
risk o f b ladder cancer also increases w ith  longe r duration  and h igher in tens ity  of 
sm ok ing .20-22 The e ffec t o f vegetab le  and fru it  consum ption  on cancer risk may d iffe r 
betw een sm okers and non-sm okers. A n tiox id an ts  in vegetab les and fru its  m ay 
p ro tec t aga inst the dam age caused by free  radicals in c igare tte  smoke. On the o ther 
hand, ox ida tive  stress due to  sm oking m ay reach such high levels, tha t an tiox idan ts  
are not su ffic ie n tly  capable to p ro tect against ox ida tive  stress.23 We did not observe a 
s ta tis tica lly  s ign ifican t in teraction  w ith  sm oking  status. A lthough  we tried  to  ca re fu lly  
ad just fo r  the e ffec t o f sm oking  behaviour, residual con found ing  by sm oking  cannot 
be en tire ly  excluded in ou r study.
O ccupational risk facto rs , such as exposure to b -naphthy lam ine , 4 -am inob ipheny l 
and benzid ine, also play a role in b ladder cancer, a lthough these specific  chem icals 
have been banned from  the w orkp lace  in W estern countries decades ago.21, 24 
We were able to look at the in fluence o f a h is to ry  o f h igh -risk  occupations in relation 
to  b ladder cancer in a subset o f the cohort. We did not see a d iffe rence  between 
the m odels co rrecting  fo r  occupation  exposure and m odels w ith o u t 
th is  correction.
As can be seen in Table 5.2, ind iv idua ls  w ith  a d iverse consum ption  o f fru it  and
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vegetab les also consum ed m ore fru it  and vegetables. A d jus tm e n t fo r  q ua n tity  o f fru it 
and vegetab le  consum ption  was there fo re  considered im p o rta n t when exam in ing 
the e ffec t o f d ive rs ity  o f fru it and vegetab le  consum ption  independent from  
quantity . However, by doing so, it is possib le  tha t we overad justed and d ilu ted  the 
potentia l e ffec t o f va rie ty  in fru it  and vegetab le  consum ption  on b ladder cancer risk. 
Therefo re , no t co rrecting  fo r  fru it and vegetab le  consum ption  may resu lt in s tronger 
associations betw een the DDSs and b ladder cancer risk. In m odels unadjusted fo r 
f ru it  and vegetab le  consum ption , however, associations betw een the DDSs and 
b ladder cancer became even weaker instead o f s tronge r (data not shown). In add ition, 
we found  com parab le  HRs w hen we analyzed the e ffects o f DDS on b ladder cancer 
risk separate ly fo r  ind iv idua ls  consum ing be low  and above the m edian o f to ta l fru it 
and /or vegetab le  consum ption  (data not shown).
Because the d ie ta ry  questionna ires d iffe red  s ligh tly  betw een the d iffe re n t EPIC 
centres, we calculated the DDSs based on fru it and vegetab le  p roducts  included in 
fo u r or m ore d ie ta ry  questionnaires. This makes the DDSs be tte r com parab le  between 
coun tries as if m ore fru it  and vegetab le  p roducts  are included in the questionna ires 
ind iv idua ls  are m ore like ly  report eating them . However, it also induces bias. 
We there fore  also calculated DDSs based on all f ru it  and vegetab le  p roducts included 
in the d ie ta ry  questionna ires. HRs is s im ila r using these DDSs com pared to  those 
reported in our artic le.
A  m ajor s trength  o f EPIC is the w ide  range in b ladder cancer incidence rates and 
in d ie ta ry  and lifes ty le  hab its because o f the pa rtic ipa tion  o f m any countries. 
A  general weakness o f studies on d ie t is the potentia l fo r  m easurem ent errors in the 
d ie ta ry  assessm ent m ethods. The weak associations observed in our s tudy m igh t 
be due to lim ita tion s  o f the food  frequency questionna ires. For the DDSs, we used 
the FFQ-based frequencies o f vegetab le  and fru it  consum ption . It is known tha t fru it 
and vegetab le  consum ption  is freq ue n tly  o ve rrepo rted .25, 26 Yet, in the EPIC p ilo t 
studies, co rre la tions fo r  vegetab le  and fo r  fru it  consum ption  betw een the baseline 
food  frequency questionna ire  and the average o f 12, m on th ly  repeated 24-hr d ie t 
recalls w ere o f m oderate size (Spearman corre la tion  coeffic ien ts  o f vegetab les varied 
betw een 0.30 and 0.60 and o f f ru it  betw een 0.33 and 0.79).
In conclus ion, in EPIC, there is no clear association betw een a varied consum ption  of 
vegetab les and fru its  and b ladder cancer risk. Taken toge ther w ith  the absence o f an 
association w ith  q ua n tity  o f fru it  and vege tab les,4 th is  find ing  fu rth e r supports  the 
evidence tha t there is no association betw een consum ption  o f fru it  and vegetab les as 
m easured by a food  frequency questionna ire  and the risk o f b ladder cancer.

Grant support
European Commission: Public Health and Consumer Protection Directorate 1993-2004, 
Research Directorate-General 2005, Ligue contre le Cancer, Societe' 3M, Mutuelle Ge'ne'rale 
de l'Education Nationale, Institut National de la Sante' et de la Recherche Me'dicale (INSERM) 
(France), German Cancer Aid, German Cancer Research Center, Federal M inistry of Education 
and Research (Germany), Danish Cancer Society (Denmark), Health Research Fund (FIS) of the 
Spanish M inistry of Health, The Participating Regional Governments and Institutions (Spain), 
Cancer Research UK, Medical Research Council, Stroke Association, British Heart Foundation, 
Department of Health, Food Standards Agency, the Wellcome Trust (United Kingdom), Greek 
M inistry of Health and Social Solidarity, Hellenic Health Foundation and Stavros Niarchos 
Foundation (Greece), Italian Association for Research on Cancer, National Research Council 
(Italy), Dutch M inistry of Public Health, Welfare and Sports (VWS), Netherlands Cancer Registry 
(NKR), LK Research Funds, Dutch Prevention Funds, Dutch ZON (Zorg Onderzoek Nederland), 
World Cancer Research Fund (WCRF) (The Netherlands), Swedish Cancer Society, Swedish 
Scientific Council, Regional Government of Skane (Sweden), Norwegian Cancer Society (Norway)

101



Variety o f fru it  &  vegetab le consum ption  and bladder cancer risk

References
1. World Cancer Research Fund & American Institute for Cancer Research [WCRF/AICR]. 

Food, nutrition, physical activity, and prevention of cancer: a global perspective. 
Washington: American Institute for Cancer Research; 2007.

2. Steinmaus CM, Nunez S, Smith AH. Diet and bladder cancer: a meta-analysis of six 
dietary variables. Am J Epidemiol. 2000 Apr 1;151(7):693-702.

3. Larsson SC, Andersson SO, Johansson JE, Wolk A. Fruit and vegetable consumption 
and risk of bladder cancer: a prospective cohort study. Cancer Epidemiol Biomarkers 
Prev. 2008 Sep;17(9):2519-22.

4. Büchner FL, Bueno-de-Mesquita HB, Ros MM, Kampman E, Egevad L, Overvad K, 
etal. Consumption of vegetables and fruit and the risk of bladder cancer in the European 
Prospective Investigation into Cancer and Nutrition. Int J Cancer. 2009 May 18; 
125(11):2643-51.

5. Slattery ML, Berry TD, Potter J, Caan B. Diet diversity, diet composition, and risk of 
colon cancer (United States). Cancer Causes Control. 1997 Nov;8(6):872-82.

6. Fernandez E, Negri E, La Vecchia C, Franceschi S. Diet diversity and colorectal cancer. 
Prev Med. 2000 Jul;31(1):11-4.

7. Fernandez E, D'Avanzo B, Negri E, Franceschi S, La Vecchia C. Diet diversity and the risk 
of colorectal cancer in northern Italy. Cancer Epidemiol Biomarkers Prev. 1996 Jun; 
5(6):433-6.

8. McCann SE, Randall E, Marshall JR, Graham S, Zielezny M, Freudenheim JL. Diet 
diversity and risk of colon cancer in western NewYork. Nutr Cancer. 1994;21(2):133-41.

9. La Vecchia C, Munoz SE, Braga C, Fernandez E, Decarli A. Diet diversity and gastric 
cancer. Int J Cancer. 1997 Jul 17;72(2):255-7.

10. Levi F, Pasche C, La Vecchia C, Lucchini F, Franceschi S, Monnier F! Food groups and 
risk of oral and pharyngeal cancer. Int J Cancer. 1998 Aug 31;77(5):705-9.

11. Garavello W, Giordano L, Bosetti C, Talamini R, Negri E, Tavani A, et al. Diet diversity 
and the risk of oral and pharyngeal cancer. Eur J Nutr. 2008 Aug;47(5):280-4.

12. Lucenteforte E, Garavello W, Bosetti C, Talamini R, Zambon P, Franceschi S, et al. 
Diet diversity and the risk of squamous cell esophageal cancer. Int J Cancer. 2008 Nov 15; 
123(10):2397-400.

13. Franceschi S, Favero A, La Vecchia C, Negri E, Dal Maso L, Salvini S, et al. Influence of 
food groups and food diversity on breast cancer risk in Italy. Int J Cancer. 1995 Dec 11; 
63(6):785-9.

14. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European Prospective 
Investigation into Cancer and Nutrition (EPIC): study populations and data collection. 
Public Health Nutr. 2002;5:1113-24.

15. Kaaks R, Slimani N, Riboli E. Pilot phase studies on the accuracy of dietary intake 
measurements in the EPIC project: overall evaluation of results. European Prospective 
Investigation into Cancer and Nutrition. Int J Epidemiol. 1997;26 Suppl 1:S26-36.

16. Agudo A, Slimani N, Ocke MC, Naska A, Miller AB, Kroke A, et al. Consumption of 
vegetables, fruit and other plant foods in the European Prospective Investigation into 
Cancer and Nutrition (EPIC) cohorts from 10 European countries. Public Health Nutr. 
2002 Dec;5(6B):1179-96.

17. Wareham NJ, Jakes RW, Rennie KL, Schuit J, Mitchell J, Hennings S, et al. Validity and 
repeatability of a simple index derived from the short physical activity questionnaire 
used in the European Prospective Investigation into Cancer and Nutrition (EPIC) 
study. Public Health Nutr. 2003 Jun;6(4):407-13.

102



Variety o f f ru it  &  vegetab le consum ption  and bladder cancer risk

18. Jansen MC, Bueno-de-Mesquita HB, Feskens EJ, Streppel MT, Kok FJ, Kromhout D. 
Quantity and variety of fruit and vegetable consumption and cancer risk. Nutr Cancer. 
2004;48(2):142-8.

19. Brennan P, Bogillot O, Greiser E, Chang-Claude J, Wahrendorf J, Cordier S, et al. The 
contribution of cigarette smoking to bladder cancer in women (pooled European 
data). Cancer Causes Control. 2001 Jun;12(5):411-7.

20. Zeegers MP, Tan FE, Dorant E, van Den Brandt PA. The impact of characteristics of 
cigarette smoking on urinary tract cancer risk: a meta-analysis of epidemiologic 
studies. Cancer. 2000 Aug 1;89(3):630-9.

21. Wu X, Ros MM, Gu J, Kiemeney L. Epidemiology and genetic susceptibility to bladder 
cancer. BJU Int. 2008;102(9 Pt B):1207-15.

22. Bjerregaard BK, Raaschou-Nielsen O, Sorensen M, Frederiksen K, Christensen J, 
Tjonneland A, et al. Tobacco smoke and bladder cancer--in the European Prospective 
Investigation into Cancer and Nutrition. Int J Cancer. 2006 Nov 15;119(10):2412-6.

23. Alberg A. The influence of cigarette smoking on circulating concentrations of 
antioxidant micronutrients. Toxicology. 2002 Nov 15;180(2):121-37.

24. Olfert SM, Felknor SA, Delclos GL. An updated review of the literature: risk factors 
for bladder cancer with focus on occupational exposures. South Med J. 2006 Nov; 
99(11):1256-63.

25. Ferrari P, Slimani N, Ciampi A, Trichopoulou A, Naska A, Lauria C, et al. Evaluation of 
under- and overreporting of energy intake in the 24-hour diet recalls in the European 
Prospective Investigation into Cancer and Nutrition (EPIC). Public Health Nutr. 2002 Dec; 
5(6B):1329-45.

26. Feskanich D, Rimm EB, Giovannucci EL, Colditz GA, Stampfer MJ, Litin LB, et al. 
Reproducibility and validity of food intake measurements from a semiquantitative 
food frequency questionnaire. J Am Diet Assoc. 1993 Jul;93(7):790-6.

103



Variety o f fru it  &  vegetab le consum ption  and bladder cancer risk

104



Comparison of the Diet Diversity Scores for fruit 
and vegetables and plasma carotenoids levels 
in the cross-sectional study of the European 
Prospective Investigation into Cancer and 
Nutrition

FL Büchner, HB Bueno-de-M esquita , E Kam pm an, MC Ocké, M Jenab, 
HC Boshuizen, MM  Ros, F C lavel-Chapelon, M-C Boutron-R uault,
S M oro is, D Palli, V Pala, R Tum ino, C Sacerdote, A  M attie llo ,
G Buckland, L Rodríguez, M -J Sánchez, JM  Huerta Castaño,
E Ardanaz, P Am iano, K-T Khaw, N W areham , F Crowe, PHM Peeters,
A  T richopou lou , A  Naska, G M is ir li, R Kaaks, B Teucher, H Boeing,
J M ontonen, G Hallm ans, I Johansson, K Overvad, CC Dahm, N Roswall, 
A  T j0nne land, N S lim ani, A-C Vergnaud, D Rom aguera-Bosch,
LALM Kiemeney, E Riboli

S ubm itted



Diet D ivers ity  Scores and plasma caro teno id levels

Abstract

Introduction
A  habitual d ie t rich in d iffe re n t types o f vegetab les and fru it  is th ou gh t to  represent 
a m ixed intake o f phytochem ica ls. In th is  s tudy  d ie t d ive rs ity  scores (DDSs) 
representing va rie ty  in vegetab le  and fru it consum ption  are com pared to  plasma 
concentra tions o f s ix caro teno ids, to evaluate w he ther DDS also captures a m ixed 
intake o f phytochem ica ls.

Methods
W ith in  the cross-sectiona l s tudy o f the European Prospective Investigation  into 
N u trition  and Cancer, we calculated d iffe re n t DDSs based on d ie ta ry  questionnaires: 
one represents d ive rs ity  in vegetab le  and fru it  consum ption  (DDSvegfr), tw o  
represent d ive rs ity  in vegetab le  consum ption  (DDSveggr and DDSvegpr) and one 
represents d ive rs ity  in fru it  consum ption  (DDSfr). To standard ise the s ix plasma 
caro teno ids, concentra tions w ere re-scaled using a rank d iffe rence  m ethod; h igher 
va lues represent larger and low er va lues represent sm aller in tra -ind iv idua l va ria tion  
in the concentra tions o f the six plasm a caroteno ids. Conceptually, the rank d iffe rence 
score shou ld  be inve rse ly corre la ted w ith  the DDSs. C orre lation  coe ffic ien ts  between 
the DDSs and the rank d iffe rence  score w ere calculated fo r  the fu ll s tudy popula tion  
and s tra tified  by subgroups o f potentia l e ffec t m od ifie rs.

Results
C om plete data on the DDSs and plasma levels o f caro teno ids w ere available fo r  2,675 
partic ipants. The co rre la tion  coe ffic ien t (r) betw een DDSvegfr and the rank d iffe rence 
score was -0.13. D ivers ity  in vegetab le  consum ption  was not corre la ted  to  the rank 
d iffe rence  score. The s trongest, a lthough still weak, co rre la tion  was found  between 
DDSfr and the rank d iffe rence  score (r=-0.19). C orre lations w ere som ew hat s tronger 
fo r  fasting  sam ples, in w om en , and in Southern Europe.

Conclusion
DDSs show  on ly  weak co rre la tions w ith  rescaled plasma levels o f s ix carotenoids. 
This m igh t suggest tha t e ithe r questionna ire  in fo rm a tion  or one m easurem ent of 
p lasma caroteno id  levels or both cannot fu lly  capture va rie ty  in fru it  and vegetab le  
consum ption .
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Introduction
Fruit and vegetab les are im p o rta n t com ponen ts  o f a hea lthy d ie t and if consum ed 
in su ffic ien t am ounts can help to prevent the deve lopm ent o f ch ron ic diseases. Fruit 
and vegetab les are sources o f v itam ins , m inera ls, d ie ta ry  fib re  and o ther b ioactive  
com pounds, and are m os tly  low  in energy density, all o f w h ich  m ay influence 
disease risk by va rious m echanism s.1 The p rim ary  underly ing  m echanism  o f fru it 
and vegetab les in disease prevention  is assum ed to be related to  the phytochem ica l/ 
an tiox idan t content, bu t o the r m echanism s like coun teracting  n itrosa tion  and 
in fluenc ing  b ioactive  trans fo rm a tions  m ay also play a role.
M ost research on fru it  and vegetab le  consum ption  in re la tion to  ch ron ic  diseases 
focuses on the am ount o f fru it  and vegetab les consum ed or on the intake o f single 
nu trien ts  found  in fru it  and vegetables. However, it m igh t not on ly  be im p o rta n t to 
eat a su ffic ien t am oun t o f fru it and vegetab les, but also to  consum e an adequate 
m ix tu re  o f all phytochem ica ls  present in fru it and vege tab les.2 C onsequently, instead 
o f looking on ly  at the am ount o f fru it  and vegetab les consum ed, considera tion  of 
the va rie ty  in fru it and vegetab le  consum ption  m ay p rovide  fu rth e r ins igh t in to  the 
re la tion o f these food  groups to  ch ron ic disease risk.3, 4
One m ethod to measure d ie t va rie ty  is the D iet D ive rs ity  Score (DDS). The DDS, 
w h ich  is based on the count o f d iffe ren t food  item s or groups in the d ie t w ith in  a 
certa in  tim e  period, is freq ue n tly  used to  measure overall d ie t varie ty , bu t it is also 
used to m easure va rie ty  in specific  food  groups like fru it and vege tab les.5 The DDS 
has freq ue n tly  been used in research o f ch ron ic disease, like cancer.2, 5-15 M ost of 
the studies found  tha t a h igher DDS was associated w ith  reduced risks o f va rious 
cancers as w ell as overall m o rta lity , especia lly DDSs regarding va rie ty  in fru it  and 
vegetab le  consum ption . However, to  date, there is a lack o f in fo rm a tion  on the 
va lid ity  o f the d ie ta ry  questionna ire -based DDS fo r vegetab les and/or fru its  in the 
sc ien tific  literature.
C arotenoids are freq ue n tly  used as b iom arkers fo r  fru it  and vegetab le  consum ption .16 
A l-D e la im y e t a l calcu lated ind iv idua l and ecological co rre la tion  coe ffic ien ts  between 
six caro teno ids (a-carotene, ß-carotene, ß -cryp toxanth in , lycopene, lu te in  and 
zeaxanthin) and reported  fru it  and vegetab le  consum ption  w ith in  a sub-s tudy  o f the 
European Prospective Investigation  in to  N u trition  and Cancer (EPIC).17, 18 They found  
tha t consum ption  o f specific  fru its  and vegetab les are good p red ic to rs  o f certa in 
ind iv idua l plasma caroteno id  levels. A t ind iv idua l subject levels, FQ m easurem ents 
o f fru its , roo t vegetab les and carrots, and tom a to  p roducts  are, respective ly, good 
pred ic to rs  o f ß -cryp toxanth in , a-caro tene, and lycopene in p lasma.17 
In th is  paper, we investiga ted  the co rre la tion  betw een fo u r d ie t d ive rs ity  scores 
re flecting  va rie ty  in vegetab le  and fru it consum ption  and plasma concentra tions of 
s ix ind iv idua l caroteno ids. We postu la te  tha t ind iv idua ls  scoring high on the DDS fo r 
vegetab le  and/or fru it  consum ption  w ill have a m ore un ifo rm  (rank) d is tr ibu tio n  of 
plasma caro teno id  levels, than ind iv idua ls  scoring low  on the DDS w ho  are expected 
to  have h igher levels fo r  one or a fe w  bu t low er levels fo r  the o ther caroteno ids. We 
tested th is  hypothesis w ith in  the same sub-s tudy o f EPIC used by A l-D e la im y et al.1718

Methods

EPIC study population
The European Prospective Investigation  in to  Cancer and N u trition  (EPIC) is an ongoing  
m u lti-cen tre  coho rt s tudy designed to investiga te  the re la tions betw een d ie t, lifes ty le
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and env ironm enta l fac to rs  and the incidence o f cancer. The to ta l coho rt includes 
men and w om en recruited in 23 centres in 10 European countries: Denmark, France, 
Germany, Greece, Italy, The Netherlands, Norway, Spain, Sweden and the United 
K ingdom . The EPIC coho rt consists o f 521,448 subjects, m os tly  aged 35-70 years, 
recruited during  the period 1991 to  2000. The popu la tions and m ethods have been 
described in fu ll e lsew here.19
As a rule, those w ho  partic ipa ted  signed an in fo rm ed consent fo rm . In m ost countries, 
s tudy  subjects w ere inv ited  to v is it a centre fo r  b lood co llec tion , an th ropom etric  
m easurem ents and to de liver the com ple ted  d ie t and lifes ty le  questionna ires.19 
The d ie ta ry  questionna ires were coun try -spec ific  va lidated  questionna ires asking 
about the usual d ie t before enro lm en t and w ere designed to  capture local d ie ta ry  
habits, and p rovide  high com p liance .20 L ifesty le  questionna ires included questions on 
education, occupation, m edica l h is tory, life tim e  h is to ry  o f consum ption  o f tobacco, 
a lcoho lic  beverages and physical ac tiv ity .19, 21

Cross-sectional study
W ith in  the fu ll co ho rt o f EPIC, 16 geographica l areas (regions) w ere designated by 
g roup ing  centres w ith in  the EPIC study, excluding the N orw ay centre. Sub-sam ples 
o f 100 w om en and 100 men in each o f these reg ions w ere random ly selected from  
a representa tive  sam ple o f partic ipants  in the EPIC ca lib ra tion  s tudy (7% o f the 
EPIC coho rt),22 fo r  w hom  a com ple te  set o f 14 a liquo ts  o f serum , p lasma, b u ffy  coat and 
red b lood cells was stored at the In te rnationa l Agency fo r  Research on Cancer (IARC), 
Lyon. As fa r as possible , equal num bers o f subjects w ere selected fo r  each season 
at w h ich  th e ir b lood  sam ple was co llected. In to ta l, 3089 subjects w ere selected fo r 
pa rtic ipa tion  in the cross-sectiona l study. M ore deta ils on th is  cross-sectiona l s tudy 
w ith in  EPIC are g iven e lsew here .23

Blood collection
A  30-m l periphera l b lood sam ple (fasting and non-fasting) was draw n in three 10-ml 
Safe ty M onove ttes (Sarstedt, N üm brecht, Germany). A fte r cen trifuga tion  at 1500 g fo r 
20 m in , b lood frac tio ns  (serum , plasm a, b u ffy  coat and red b lood cells) were a liquoted 
in to  heat-sealed 0.5-m l p lastic straw s, using a sem i-au tom atic  m achine (CBS-IMV 
Technologies, Paris, France). Sam ples were in itia lly  frozen at -80°C  in a horizontal 
pos ition  in o rder to p revent concentra tion  grad ients, and then transfe rred  in to  liqu id  
n itrogen  (-196°C). In Denmark, Umeâ and M alm ö, b lood was co llected using d iffe ren t 
but com parab le  techn iques because these centres jo ined  EPIC later. In Sweden, the 
sam ples are kept in freezers at -70°C, and in Denm ark in n itrogen  vapour (-150°C).19

Laboratory analyses
Four subjects had m issing a liquots, and 42 subjects w ere excluded because of 
labora to ry  or o the r technical fa ilu res, inc lud ing  23 subjects tha t were run in one batch 
w ith  inco rrec t readings. The analyses o f plasma levels o f caro teno ids included 3043 
subjects: 1464 men and 1579 w om en. The labo ra to ry  m ethods are fu lly  described 
e lsew here .23 In brief, sam ples (200 |jl) were analysed fo r  caro teno ids by reversed- 
phase h igh-perfo rm ance  liqu id  ch rom atography (HPLC; HPLC-1100 system , H ew lett 
Packard) fo llo w in g  a m ethod based on tha t o f S teghens e t a l.24 Sam ples w ere analysed 
in sex-specific  age strata (45-49, 50 -54 , 55-59  or 6 0 -64  years), in random  o rder fo r 
region o f residence o f subjects. C hrom atogram s w ere in tegra ted au tom a tica lly  by the 
system  (Chem station vers ion  6.4; H ew le tt Packard, Les Ulis, France) bu t ind iv idua lly  
con tro lled  by three d iffe re n t labora to ry  technicians. Peaks fo r  caro teno ids tha t were

108



Diet D ivers ity  Scores and plasm a caro teno id  levels

under the detection  lim its  w ere set to zero, w h ile  peaks tha t could not be detected 
because o f technical p rob lem s were excluded.
Results fo r  six plasma caro teno ids, i.e. a-caro tene, ß-carotene, ß -cryp toxanth in , 
lycopene, lu te in  and zeaxanthin, were used in th is  paper and w ere p rev ious ly  
described by A l-D e la im y e t al.17, 18, 23

Diet Diversity Score
The Diet D ivers ity  Score (DDS) is an ind ica to r o f the d ive rs ity  or va rie ty  w ith in  a d iet 
or d ie ta ry  food  group. It counts the to ta l num ber o f food -subg roups or food -item s 
eaten w ith in  a specified tim e  period .14 We used the DDS to  represent the d ive rs ity  
in vegetab le  and fru it  consum ption . Based on the baseline d ie ta ry  questionna ires, 
fo u r d iffe re n t DDSs w ere calculated: one to  represent the d ive rs ity  in the overall 
vegetab le  and fru it consum ption  (DDSvegfr), tw o  to m easure the d ive rs ity  in 
vegetab le  consum ption  (DDSveggr and DDSvegpr) and one to  m easure the d ive rs ity  
w ith in  fru it consum ption  (DDSfr). DDSvegfr (range 0-40) counts the to ta l num ber 
o f d iffe ren t vegetab le  and fru it item s eaten at least once in tw o  weeks. DDSveggr 
(range 0-8) counts the to ta l num ber o f d iffe re n t vegetab le  subgroups eaten at least 
once in tw o  weeks. The e igh t subgroups o f vegetab les used are: lea fy vegetables, 
fru itin g  vegetab les, roo t vegetab les, cabbages, m ushroom s, grain &  pod vegetab les, 
onion &  garlic  and sta lk vege tab les.22 DDSvegpr (range 0-26) counts the to ta l num ber 
o f d iffe re n t vegetab le  item s eaten at least once in tw o  weeks. DDSfr (range 0-14) 
counts the to ta l num ber o f d iffe re n t fru it  item s eaten at least once in tw o  weeks.
The coun try -spec ific  d ie ta ry  questionna ires d iffe red  in the num ber o f vegetab les and 
fru its  included. In o rder to im prove  be tw een -coun try  co m p a rab ility  in types o f fru it 
and vegetab les eaten frequen tly , we a rb itra rily  chose to select vegetab le  and fru it 
item s included in fo u r or m ore coun try -spec ific  d ie ta ry  questionnaires. The p roducts 
and vegetab le  subgroups used are presented in appendix 1.
We w ere not able to use data from  the M alm ö centre (Sweden), because frequency of 
consum ption  data was not availab le in the central dataset. A dd itiona lly , we excluded 
partic ipan ts  w ith  a ratio  o f energy intake versus energy expend itu re  in the top  and 
bo ttom  1% to  exclude po ten tia lly  aberran t d ie ta ry  intake values.

Statistical analyses
Proportions and mean values fo r  potentia l confounders in the re la tion betw een the 
DDS and the plasma levels o f the s ix care teno ids are presented fo r  the fu ll coho rt and 
by te rtile s  o f va rie ty  in fru it  and vegetab le  consum ption .
To be able to  com pare the DDSs w ith  plasma levels o f s ix caroteno ids we used a rank 
d iffe rence  m ethod. The plasma level o f each caro teno id  is rescaled by ranking from  
1 to  n (w ith  n being the sam ple size), w ith  the low est plasma level having the low est 
rank o f 1. Figure 6.1 show s an exam ple o f the ca lcu lation o f the rank d iffe rence 
score. For each ind iv idua l, the caro teno id  w ith  the h ighest rank value am ong the 
six caro teno ids is de term ined, independent o f w h ich  caro teno id  th is  m igh t be (see 
caro teno id  C in Figure 6.1). The d iffe rences in rank va lues betw een th is  m axim um  
rank value and the ranks o f the o the r five  caro teno ids are ca lcu lated per ind iv idua l 
(a, b, d, e, f  in figu re  6.1) and sum m ed into  the rank d iffe rence  score. C onsequently, 
a person w ith  a high rank fo r  one o f the plasma caro teno ids and lo w  ranks fo r  all the 
o thers w ill have a high rank d iffe rence  score. A  lo w  rank d iffe rence  score reflects 
sm all w ith in -p e rson  d iffe rences in (ranked) caro teno id  concentra tions irrespective  
w he the r all are h igh or low.
This rank d iffe rence  score is then corre la ted , using Spearman corre la tion , to the 
fo u r DDSs. Conceptually, the rank d iffe rence  score should be inverse ly corre lated
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w ith  fru it  and vegetab le  d ive rs ity . S tra tified  analysis are perfo rm ed fo r  te rtile s  of 
the to ta l ranking o f caro teno ids, te rtile s  o f to ta l fru it and vegetab le  consum ption , 
season (w inter, spring , sum m er autum n), fas ting  status (non-fasting  (<3h), in between 
fas ting  (3-6h), fas ting  (>6h)), gender, age (<55 year, > 55 year), reg ion (northern  
Europe: Sweden, Denmark, UK, the N etherlands, Germ any; southern Europe: France, 
Spain, Italy, Greece), sm oking  status (current, fo rm er, never), a lcohol consum ption  
(non-consum er, consum er < 5,7 g/day, consum er > 5.7 g/day), BMI (<25 kg/m 2, 
>25 kg/m 2), te rtiles  o f to ta l energy intake, and education level (none and p rim ary  
school, techn ica l/p ro fessiona l school, secondary school, h igher education).

Figure 6.1: Composition of the rank difference score. The plasma level of each carotenoid (A 
to F) is rescaled by rank from 1 to n with n representing the total number of individuals in 
the sample. The carotenoid with the highest rank value among the carotenoids is determined 
(carotenoid C).The differences in rank values between this maximum ranks and the ranking 
values of the other five carotenoids are calculated per individual (a, b, d, e, f) and summed 
into the rank difference score. Consequently, a high rank difference score is hypothesized to 
correlate with a low fruit and vegetable diversity.

Results
O f all 3,043 ind iv idua ls  fo r  w hom  plasma levels o f the s ix caro teno ids w ere assessed, 
358 ind iv idua ls  had m issing va lues fo r  the DDS, 9 ind iv idua ls  had m issing values of 
p lasma levels fo r  one or m ore caro teno ids and 1 ind iv idua l had a ratio  fo r  energy intake 
versus energy expend iture  in the bo ttom  1% w ith in  the fu ll cohort. C om plete data on 
the DDS and plasma levels o f caro teno ids w ere available fo r 2,675 partic ipants. 
P artic ipants scoring high on the d ie t d ive rs ity  score fo r  vegetab le  and fru it  consum ption  
(DDSvegfr) consum e overall m ore vegetab les and fru its  (Table 6.1). They also had 
h igher mean values fo r  all the s ix caro teno ids. A dd itiona lly , partic ipants  w ith  a high 
D DSvegfr score w ere m ore o ften  w om en , leaner, non-sm okers, m ore physical active 
and h igher educated as com pared to  partic ipan ts  w ith  a low  DDSvegfr score.
Figures 2 to  5 show  sca tte rp lo ts  o f the fo u r DDSs and the rank d iffe rence  score. 
The expla ined variance (R2) o f the DDSvegfr by the caro teno ids rank d iffe rence  score 
was 0.018 w ith  a co rre la tion  (r) o f -0.13 (see Figure 6.2 and Table 6.2). The va ria tion  in 
vegetab le  consum ption , represented by DDSveggr and DDSvegpr, is no t correlated
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w ith  the rank d iffe rence  score (r= -0.04 fo r  DDSveggr; r= -0.05 fo r  DDSvegpr) w ith  
R2=0.002 fo r  DDSveggr and R2=0.003 fo r DDSvegpr (see figures 3 and 4 and Table 6.2). 
The s trongest co rre la tion , a lthough still weak, was found  betw een the va ria tion  in 
f ru it  consum ption  (DDSfr) and the rank d iffe rence  score (r= -0.19; R2=0.034; see Figure 
5 and Table 6.2).

Table 6.1: Baseline characteristics (mean (sd)) by tertiles of Diet Diversity Score for the variety in 
fruit and vegetable consumption (DDSvegfr).

Full cohort DDS vegetable & fruit products (DDS
vegfr)

1 2 3

Cut-off values tertiles -- 0-12 13-17 18-40

General characteristics

Men (%) 48 53 52 40

Age at recruitment (year) 55
(5.7)

55 55 54 
(5.5) (5.7) (5.8)

BMI (kg/m2) 26.5
(4.1)

26.9 27.0 25.6 
(4.2) (4.2) (3.8)

Height (cm) 166.4
(9.4)

167.3 165.9 166.0 
(9.6) (9.4) (9.1)

Weight (kg) 73.4
(13.0)

75.3 74.4 70.6 
(12.9) (13.1) (12.7)

Physical active (%)1 39 37 39 41

Diet

Energy (kcal/day) 2151.8
(680.3)

2003.6 2226.0 2237.1 
(659.8) (685.8) (671.4)

Energy from fat sources (kcal/day) 761.2
(295.8)

695.3 779.7 811.8 
(272.0) (284.5) (315.9)

Energy from non-fat sources (kcal/ 
day)

1390.6
(449.8)

1308.3 1446.3 1425.3 
(436.7) (462.6) (439.8)

Consumption of vegetables (g/day) 225.4
(172.2)

148.0 208.6 318.2 
(119.5) (132.6) (202.1)

Consumption of fruit (g/day) 302.1
(253.0)

201.4 300.4 405.3 
(180.4) (234.7) (287.7)
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Table 6.1 (continued): Baseline characteristics (mean (sd)) by te rtiles  o f Diet D ivers ity  Score fo r
the  va rie ty  in fru it  and vegetab le consum ption  (DDSvegfr).

Full cohort DDS vegetable & fruit products (DDS
vegfr)

1 2 3

Carotenoids

a-carotene (|jg/dl) 8.7
(9.1)

7.9
(8.9)

7.6
(8.4)

10.5
(9.7)

ß-carotene (jg /d l) 24.4
(20.6)

23.1
(24.0)

21.6
(16.6)

28.2
(19.5)

ß-cryptoxanthin (jg /d l) 16.4
(13.9)

14.4
(13.2)

17.3
(14.5)

17.6
(13.9)

Lycopene (jg /d l) 39.8
(22.5)

35.0
(20.0)

39.1
(22.3)

45.3
(23.9)

Lutein (jg/d l) 23.9
(13.0)

20.5
(12.0)

23.8
(12.0)

27.4
(13.9)

Zeaxanthin (jg/d l) 5.2
(2.8)

4.7
(2.7)

5.4
(2.8)

5.6
(2.9)

Smoking status (%)

Never smokers 49 49 46 51

Former smokers 30 30 30 30

Lifetime number of cigarettes 
(cig/day)

11.8
(11.0)

10.8
(10.5)

13.9
(11.3)

11.1
(11.0)

Smoke duration (years) 18.8
(11.5)

20.1
(12.0)

20.1
(11.6)

16.4
(10.4)

Age at start smoking (years) 18
(5.8)

18
(5.8)

18
(5.5)

18
(6.1)

Time since quitting smoking (years) 14.9
(10.3)

13.9
(10.4)

14.7
(10.1)

16.1
(10.2)

Current smokers 20 21 23 17

Lifetime number of cigarettes 
(cig/day) 13.4 (8.4) 13.7

(8.6)
13.3
(8.5)

13.3
(8.0)

Smoke duration (years) 32.3 (9.8) 33.2
(9.4)

32.4
(9.9)

30.9
(9.9)

Age at start smoking (years) 20 (7.8) 19
(7.3)

20
(8.2)

20
(8.0)

Unknown 1 0 0 2

Education level (%)

None 8 12 12 2

Primary school 26 33 29 17

Technical/professional school 21 22 20 20

Secondary school 20 12 20 27

University degree 23 21 18 30

Not specified 2 0 1 4

''Cambridge Physical Activity Index incorporates occupational and non-occupational 
physical activity21
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Table 6.2: Correlation coefficients (r) for the rank difference score with the different diet 
diversity scores for the variation in fruit and vegetable consumption stratified by potential 
modifying factors.

Full cohort
N

DDSvegfr

r

DDSveggr

r

DDSvegpr

r

DDSfr

r
2675 -0.13 -0.04 -0.05 -0.19

Total carotenoid ranking (tertiles)

Low 891 0.03 0.05 0.10 -0.07

Middle 892 -0.11 -0.07 -0.06 -0.10

High 892 -0.09 -0.03 -0.03 -0.14
Fruit and vegetable consumption (tertiles)

Low (<335 g/day) 889 -0.11 -0.06 -0.05 -0.13
Middle (335-584 g/day) 890 -0.16 -0.01 -0.03 -0.21

High (>584 g/day) 890 -0.12 -0.03 -0.02 -0.20
Season

Winter 591 -0.13 -0.04 0.01 -0.22

Spring 763 -0.13 -0.05 -0.03 -0.21

Summer 569 -0.12 -0.02 -0.05 -0.15

Autumn 737 -0.15 -0.02 -0.09 -0.17
Fasting status

Non fasting (<3 hr) 1074 -0.04 0.03 0.04 -0.14

In between (3-6 hr) 462 -0.06 -0.00 -0.03 -0.08

Fasting (>6 hr) 1080 -0.25 -0.13 -0.14 -0.26
Gender

Men 1294 -0.11 -0.00 0.00 -0.18

Women 1381 -0.13 -0.05 -0.06 -0.17
Age

<55 year 1363 -0.10 -0.01 -0.02 -0.17

>55year 1312 -0.17 -0.06 -0.08 -0.20
Region

Northern Europe 1287 -0.09 -0.04 -0.05 -0.10

Southern Europe 1388 -0.18 -0.05 -0.03 -0.23
Smoking status

Current 540 -0.09 0.04 0.02 -0.18

Former 802 -0.09 -0.06 -0.03 -0.11

Never 1306 -0.17 -0.06 -0.07 -0.23
Alcohol consumption

Non-consumer 232 -0.07 -0.04 -0.03 -0.08
Consumer < 5.7 g/day 1101 -0.16 -0.07 -0.08 -0.20

Consumer > 5.7 g/day 1345 -0.13 -0.02 -0.02 -0.20
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Table 6.2 (continued): Correlation coefficients (r) for the rank difference score with the different 
diet diversity scores for the variation in fruit and vegetable consumption stratified by potential 
modifying factors.

Full cohort
N

DDSvegfr
r

DDSveggr
r

DDSvegpr
r

DDSfr
r

2675 -0.13 -0.04 -0.05 -0.19
BMI

<25 kg/m2 1058 -0.16 -0.03 -0.08 -0.22

>25 kg/m2 1617 -0.11 -0.03 -0.02 -0.16
Energy intake (tertiles)

Low (641 -  1,791 kcal) 891 -0.16 -0.08 -0.10 -0.17

Middle (1,792 -  2,363 kcal) 892 -0.17 -0.06 -0.07 -0.22

High (2,364 -  5,313 kcal) 892 -0.11 0.02 0.02 -0.18
Educational level

None and primary school 897 -0.03 0.02 0.02 -0.05

Technical/professional school 542 -0.05 0.06 0.04 -0.17

Secondary school 520 -0.19 -0.07 -0.10 -0.19

Higher education 609 -0.21 -0.12 -0.15 -0.23

In Table 6.2 co rre la tion  coe ffic ien ts  fo r  the re lation betw een the fo u r DDS and the rank 
d iffe rence  score is g iven fo r  the cross-sectiona l s tudy and fo r  several subgroups. For 
DDSvegfr and DDSfr, s ligh tly  s tronge r co rre la tions w ere seen w ith  h igher to ta l rank 
d iffe rence  scores and h igher to ta l fru it  and vegetab le  consum ption . No co rre la tions 
w ere observed betw een DDSs and the rank d iffe rence  score based on non-fasting  
plasma sam ples (r betw een 0.04 (DDSveggr) and -0.14 (DDSfr)). By contrast, the 
s trongest co rre la tions (r betw een -0.13 fo r  DDSveggr and -0.26 fo r  DDSfr) w ere found  
betw een DDS and the rank d iffe rence  score w hen th is  score was based on fasting  
plasma sam ples (p fo r  in teraction  is < 0.05). Fasting plasma sam ples are m ore like ly  to 
represent consum ption  over a longer tim e  fram e, s im ila r to the DDS tha t represents 
va rie ty  in fru it  and vegetab le  consum ption  over the last year. Season o f plasma 
co llection  did not influence co rre la tions betw een DDSs and the rank d iffe rence  score. 
Except fo r  the DDS based on fru it  p roducts  (DDSfr), the re la tionsh ip  betw een the 
o the r three DDS and the rank d iffe rence  is s tronger, though  still weak, in w om en 
than in men. A m ong  o lde r ind iv idua ls , am ong never sm okers and am ong norm al 
and leaner ind iv idua ls  the re la tionsh ip  betw een the fo u r DDS and the rank d iffe rence 
seem stronge r com pared to ind iv idua ls  younger than 55, fo rm e r and cu rren t sm okers 
and overw e igh t ind iv idua ls. Com pared to  N orthern  Europe, the co rre la tion  between 
the DDSs and the rank d iffe rence  score w ere s tronge r in the Southern European 
countries. Educational level m od ified  the association betw een caro teno ids and 
DDSvegfr, DDSvegpr, and DDSfr w ith  h igher co rre la tions w ith  the rank d iffe rence 
score am ong ind iv idua ls  w ith  a h igher educationa l level.

Discussion
Varie ty in reported fru it  and vegetab le  consum ption  as reflected by d ie t d ive rs ity  
scores is w eakly associated w ith  d iffe rences betw een plasma levels o f s ix caro teno ids, 
as presented by a rank d iffe rence  score. S trongest co rre la tions were found  between 
the va rie ty  in fru it consum ption  and the rank d iffe rence  score. C orre lations were
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s tronge r w hen the rank d iffe rence  score was based on fas ting  plasma levels o f the 
s ix caroteno ids. In add ition , we observed s tronge r co rre la tions betw een the DDS and 
the rank d iffe rence  am ong w om en, non-sm okers, h igher educated partic ipants  and 
am ong partic ipan ts  from  the Southern European centres. As fa r as w e know  th is  is the 
firs t tim e  th is  kind o f evaluation o f the DDS has been done.
Kant and Graubard (2005) related three d iffe re n t d ie ta ry  pattern  indexes to  b iom arkers 
o f risk o f card iovascu lar disease, d iabetes and obesity. The authors used a m od ified  
DDS fo r  to ta l d ie t considering  on ly  those foods recom m ended in d ie ta ry  gu ide lines 
from  each o f the five  m a jor food  groups (dairy, m eat, gra in , fru it  and vegetables). 
This DDS was an independent inverse p red ic to r o f BMI, serum  hom ocyste ine , d iasto lic  
b lood  pressure, to ta l serum  cho lestero l, serum  C-reactive pro te in , plasm a glucose 
and haem oglob in  A1C. A d d itiona lly , the DDS was a s trong  positive  p red ic to r o f serum 
concentra tions o f v ita m ins  E and C and all caro teno ids except lycopene.25 
In the present study, there are several possib le  reasons w hy  the associations between 
the DDSs and the rank d iffe rence  are weak. First o f all, there is no standard m ethod to 
relate the va rie ty  in fru it  and vegetab le  consum ption  to plasma levels o f caroteno id  
levels. We assum ed tha t a high va rie ty  in fru its  and vegetab le  consum ption  
translates in to  the intake o f a g reat m ix tu re  o f all phytochem ica ls  present in fru its  
and vegetables.This w ou ld  resu lt in a un ifo rm  presence o f phytochem ica ls  in the 
b lood, in th is  case six caro teno ids, and there fore  w ou ld  lead to  a sm all rank d iffe rence 
score. A  sm all rank d iffe rence  score reflects sm all w ith in -p e rson  d iffe rences in 
caro teno id  concentra tions, w hich  we assum ed to  be an ind ication  o f a high va rie ty  
in fru it  and vegetab le  consum ption . In p rinc ip le , also low  consum ption  o f fru it  and 
vegetab les could lead to  a low  rank d iffe rence  score. However, we did not observe 
large d iffe rences betw een the co rre la tion  coe ffic ien ts  s tra tified  by te rtiles  o f fru it and 
vegetab le  consum ption  as w ith  te rtile s  o f to ta l caro teno id  ranking.
The rank d iffe rence  score is com puted independent o f the actual plasma levels o f the 
ind iv idua l caroteno ids. This is in line w ith  the DDS w hich also does not take the am ount 
o f fru it and vegetables consum ed into account. W hen we calculate the rank d ifference 
score by using the mean ranking o f the plasma carotenoids instead o f the m axim um  
ranking we used now, results were similar. Accord ing ly, we did not observe m eaningful 
d ifferences in the correla tion coeffic ients between the DDS and the rank difference 
score stra tified  by te rtiles o f the to ta l carotenoid ranking.
Secondly, the d ie ta ry  questionna ires used in EPIC, as food  frequency questionna ires 
in general su ffe r from  w ith in - and betw een-person m easurem ent error. However, food  
frequency questionna ires are the on ly  com m on ly  agreed feasib le  d ie ta ry  assessm ent 
m easurem ent in large scale coho rt studies. A lthough  in the EPIC p ilo t studies, 
co rre la tions fo r  vegetab les and fo r  fru it betw een the baseline d ie ta ry  questionna ires 
and the 12 tim es repeated 24-hour d ie t recalls w ere o f m oderate  s trength  (Spearman 
corre la tion  coe ffic ien ts  o f vegetab les w ere betw een 0.30 and 0.60 and fo r  fru it  were 
betw een 0.33 and 0.79), e rro r co rre la tion  betw een the d iffe ren t d ie ta ry  assessm ent 
m ethods exists and consequen tly  spurious ly  in fla tes such co rre la tions co e ffic ie n ts .20 
Further, a lthough fru its  and vegetab les are the main sources o f caro teno ids, the 
co rre la tions betw een fru it and vegetab le  consum ption  m easured w ith  questionna ires 
and plasma levels o f caro teno ids reported  in the lite ra tu re  va ry  w id e ly .26 A l-D e la im y 
e t al. (2005) a lready related the plasma levels o f the s ix caro teno ids used in th is 
s tudy to the qua n tity  o f fru it and vegetab les consum ption .17 Fruit and vegetab le  
consum ption  as m easured by the FFQ was m ost s tron g ly  related to ß -cryp toxanth in  
(r=0.46), but is also related to  lu te in  (r=0.38) and zeaxanthin (r=0.36).17 Relatively 
s trong  ind iv idua l co rre la tions w ere observed betw een fru it  consum ption  measured 
by FFQ and ß -cryp toxanth in  (r=0.52), betw een ca rro t consum ption  and a-carotene 
(r=0.38) and betw een the consum ption  o f tom atoes and lycopene (r=0.38).17
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Figure 6.2: Regression equation for the DDS vegetable and fruit products (DDSvegfr) versus the 
rank difference score, including R-square.

Figure 6.3: Regression equation for the DDS vegetable products 
(DDSvegpr) versus the rank difference score, including the R-squa
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Figure 6.4: Regression equation for the DDS vegetable subgroups (DDSveggr) versus the rank 
difference score, including the R-square.

r.m l i l i r r  ■ I f  13 -Ilfc.Vi' iwrWHKiFrpr

o i ■* k n ia  I?  ih

IMMS F r u i t  [ r n i f t R i t i  > 4  i | B M t i n r M i r M

Figure 6.5: Regression equation for the DDS fruit products (DDSfr) versus the rank difference 
score, including the R-square.
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W ith in  the EPIC p ilo t stud ies co rre la tions betw een ß-carotene m easured via FFQ 
and sing le  ß-carotene serum  levels ranged betw een 0.04 and 0.53. C orre lations 
betw een ß-carotene intake assessed via tw e lve  24-hour recall d ie t m easurem ents 
and ß-carotene serum  levels ranged betw een 0.01 and 0.48.20 We observed s tronger 
co rre la tions w ith  h igher educationa l level, w h ich  m igh t ind icate  tha t these ind iv idua ls  
are be tte r capable answ ering the d ie ta ry  questionna ires correctly. The DDS used in 
th is  s tudy in based on the p roducts included in fo u r or m ore d ie ta ry  questionna ires 
to  make the DDS m ore com parab le  betw een the d iffe ren t centres. However, th is  also 
lim its  the DDS. Therefo re  we also analyzed our results w ith  DDS based on all f ru it  and 
vegetab le  p roducts  inc lud ing  in all d ie ta ry  questionna ires. Results w ere com parable. 
We used plasma levels o f s ix caro teno ids, nam ely a-caro tene, ß-carotene, 
ß -cryp toxanth in , lycopene, lu te in  and zeaxanthin. There are m any m ore caro teno ids 
and besides caroteno ids, there are m any o ther phytochem ica ls  in fru it  and vegetables, 
such as v ita m in  C and flavono ids. It is likely tha t p lasma levels o f on ly  s ix caro teno ids 
cannot fu lly  capture the d ive rs ity  in b ioactive  substances present in vegetab les 
and fru its . Therefo re  the plasma levels o f on ly  six caro teno ids m ay be inadequate 
to  represent the d ive rs ity  in fru it  and/or vegetab le  consum ption  as presented by 
the DDSs.
In add ition , on ly  one b lood sam ple was available fo r  each person to m easure the 
plasma caro teno id  level. The sam ple co llec tion  (except fo r  O xford), storage, and 
labora to ry  analyses w ere un ifo rm  and standard ized.23 Carotenoid levels are not 
constan t over tim e  and are in fluenced by season and the kind o f p roducts eaten.27 
In add ition , caro teno id  levels are not on ly  in fluenced by d ie t, but also by processes 
in the body like absorp tion  and conversion. For exam ple, Ferrucci et a l (2009) found  
s trong  evidence tha t com m on po lym orph ism s near the BCM01 gene are associated 
w ith  substantia l increases in plasma caroteno id  leve ls.28 In contrast, the DDS is based 
on d ie ta ry  questionna ires re flecting  habitua l d ie t over the last tw e lve  m onths and 
there fore  should  reflect the va rie ty  in consum ption  over a longer tim e  fram e. A lthough  
sing le  m easurem ents o f plasma levels o f caro teno ids do represent the consum ption  
o f fru it and vegetab les over the last weeks or even m onths,18 it w ou ld  have been be tte r 
to  have at least a sing le b lood sam ple in every season. S tronger co rre la tions between 
the DDS and the rank d iffe rence  score w hen based on fasting  plasma sam ples m ay 
suggest tha t m ore recent d ie ta ry  intake closer to  the tim e  o f b lood d raw  m ay have 
a ttenuated observed corre la tions.
We found  s tronge r re la tionsh ips betw een the DDS based on fru it and vegetab le  
p roducts  and the DDS based on ly  on fru it  p roducts  w ith  the rank d iffe rence  score of 
the s ix caro teno ids in the Southern European countries. A l-D e la im y e t a l (2004)23 found  
considerab le  va ria tions  in caro teno id  p lasma concentra tions betw een the d iffe ren t 
regions; in fact, reg ion was the m ost im p o rta n t p red ic to r o f plasma caro teno ids in 
regression analyses. In his s tudy A l-D e la im y also found  h igher plasma caroteno id  
levels in w om en and in ind iv idua ls  w ith  a low  BM I.23 We also found  a suggestion of 
s tronge r re la tionsh ips betw een the DDS and the rank d iffe rence  score in w om en and in 
lean ind iv idua ls. It is possib le  tha t these ind iv idua ls  are m ore accurate in reporting  the ir 
f ru it  and vegetab le  consum ption . But w ith in  the EPIC p ilo t studies, in general, w om en 
did not have s tronge r co rre la tions betw een FFQ fru it and vegetab le  consum ption  and 
serum  levels o f ß-carotene.20 We also observed s tronge r re la tionsh ips am ong never 
sm okers betw een the DDS and the rank d iffe rence  score a lthough w ith o u t s ta tis tica lly  
s ign ifican t in teraction. Subjects w ith  increased oxidative  stress, like sm okers, have 
been show n to have decreased b lood concentra tions o f som e caro teno ids w hich 
could have in fluenced the co rre la tions w ith in  cu rren t sm okers.16 
In conclus ion, there  is o n ly  a weak co rre la tion  betw een the va rie ty  in fru it and vegetab le  
consum ption , as presented by the DDSs, and the in tra -ind iv idua l va rie ty  o f single
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m easurem ents o f p lasma levels o f s ix caro teno ids present in fru its  and vegetab les, 
as assessed by a ranking d iffe rence  score. The d ie ta ry  assessm ent m ethods used 
in EPIC m ay no t adequate ly rank partic ipan ts  accord ing to  d ive rs ity  in the usual 
consum ption  o f vegetab les and fru its . A lte rna tive ly , the rank d iffe rence  score based 
on a sing le m easurem ent o f s ix caro teno ids is poss ib ly  too  lim ited  to  capture the 
va rie ty  presented by the DDS. The im portance  o f a varied d ie t and spec ifica lly  o f a 
varied consum ption  o f fru it and vegetab les in re lation to  cancer and o the r chron ic 
diseases should be fu rth e r exam ined. M oreover, m ethodo log ies to characterize and 
va lidate  d ie t d ive rs ity  require  fu rth e r studies.
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Appendix 6.1: Individual fruit and vegetable products included in the used Diet Diversity Scores 
for measurement of variety in fruit and vegetable consumption. (included in number of FFQs)

DDSveggr DDSvegpr DDSfr

Leafy Vegetables Endive (4) Apple (12)

Green salad (6) Pear (11)

(iceberg) Lettuce (7) Apricot/ peach/ nectarine (10)

Spinach (11) Banana (12)
Swiss chard (4) Strawberry (11)

Fruiting Vegetables Artichoke (6) Grape (9)

Avocado (5) Cherry (7)

(green/ French) Beans (10) Orange (11)
Tomato (12) Mandarin (8)

Courgette (9) Grapefruit (5)

Cucumber (9) Prune (5)
Egg plant (7) Fig (4)
Sweet pepper (11) Melon (9)
Gherkin (4) Watermelon (4)

Root Vegetables Beet root (6) Kiwi (9)
Carrot (12) 
Celeriac (4)

Pineapple (4)

Cabbages Broccoli (6)

Brussels sprout (5) 
Cabbage not specified (9) 

Red cabbage (4)
White cabbage (4) 
Cauliflower (9)

Mushrooms Mushrooms (12)
Grain and Pod Vegetables Corn (5)

Pea (11)
Broad bean (4)

Onion, Garlic Onion (12) 
Garlic (11)

Stalk Vegetables, Sprouts Asparagus (4) 
Celery (7) 
Fennel (4) 
Leek (9)
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In th is  fina l chapter o f m y thesis I w ill sh o rtly  sum m arize the main 
fin d ing s  o f the previous chapters, fo llo w ed  by a critica l re flection  of 
these find ings. Suggestions fo r  fu rth e r research w ill be given thereafter. 
M y thesis w ill end w ith  som e suggestions fo r  physicians, patients, and 
im p lica tions  fo r  pub lic  health policy.
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Main findings
In th is  thesis, the associations betw een the consum ption  o f fru it  and vegetab les 
and the risks o f lung and b ladder cancer were studied in the European Prospective 
Investigation  in to  Cancer and nu tr ition  (EPIC) study. This was done in tw o  d iffe ren t 
ways, focussing  on both the q ua n tity  as on the va rie ty  o f fru it  and vegetab le  
consum ption . The m ain fin d ing s  o f th is  thesis are sum m arized in table  7.1.
An inverse association betw een the q ua n tity  o f fru it  consum ption  and lung cancer risk 
was found .1 There was no p ro tective  role fo r  the q ua n tity  o f vegetab le  consum ption . 
Instead, an inverse association betw een the va rie ty  in vegetab le  consum ption  and 
lung cancer risk was observed, w h ile  we found  no association fo r  the va rie ty  in fru it 
consum ption . O f the fo u r main h is to log ica l subtypes, on ly  the risk o f squam ous cell 
carcinom a o f the lung was inverse ly associated w ith  va rie ty  in vegetab le  consum ption . 
For both the am ount o f fru it and vegetab les consum ed as fo r  the va rie ty  in fru it  and 
vegetab le  consum ption  inverse associations w ere on ly  observed fo r  cu rren t sm okers 
and not fo r  fo rm e r and never sm okers.1, 2 The associations seen fo r  the va rie ty  in fru it 
and vegetab le  consum ption  w ere independent o f the q ua n tity  o f f ru it and vegetab les 
consum ed.2

Table 7.1: Main findings of the studies on fruit and vegetable consumption and lung and bladder 
cancer risk within EPIC.

Fruit & 
vegetable 

consumption
Fruit

consumption
Vegetable

consumption

quantity variety quantity variety quantity variety

Lung cancer i - i - - i

Squamous cell carcinomas - a i - a - a - a i

Non-squamous cell carcinomas - - - - - -

Current smokers i - i - - i

Never smokers - - - - - -

Bladder cancer - - - - - -

Current smokers - - - - - -

Never smokers - - - - - -

i  inverse association; Î  positive association; - no association. 
a: decreased risk of squamous cell lung cancer among current smokers

For b ladder cancer, no marked associations w ith  the q ua n tity  o r w ith  the va rie ty  in 
fru it  and vegetab le  consum ption  were observed, ne ither fo r  sm okers nor fo r  fo rm e r 
and never sm okers.3, 4
Varie ty in fru it and vegetab le  consum ption  was m easured w ith  a D iet D ivers ity  
Score (DDS). In o rder to assess the v a lid ity  o f th is  DDS, we com pared the DDS w ith  
d iffe rences in plasma levels o f s ix caro teno ids. The co rre la tion  betw een the tw o  
m easurem ents o f va rie ty  in fru it  and vegetab le  consum ption  was, however, weak (r 
betw een 0.00 and 0.26). W eak associations observed in th is  s tudy m ay be expla ined 
by m easurem ent d ifficu ltie s  o f exposure, as w ell as by residual con found ing , 
as discussed in the fo llo w in g  critica l re flection,
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Critical reflection of the main results
As in our study, m ost large coho rt studies observed o n ly  m oderate  inverse 
associations betw een vegetab les and fru its  and cancer risk or no association at all. 
The evidence fo r  associations betw een fru it and vegetab les and d iffe re n t types of 
cancer is cu rren tly  much less conv inc ing  than suggested several decades ago. One of 
the exp lanations could be the progression  in s tudy design from  m ain ly  case-contro l 
studies to  large prospective  coho rt stud ies w ith  the la tte r y ie ld in g  s tronge r evidence. 
In the firs t Expert report o f WCRF/AICR from  1997 en titled  'Food, N u trition  and the 
Prevention o f Cancer: a G lobal Perspective', the associations betw een fru it and 
vegetab le  consum ption  and cancers o f the m outh , pharynx, oesophagus and stom ach 
were judged  as convinc ing. A lso  lung cancer was judged  as conv inc ing ly  inverse ly 
related to  fru it  and vegetab le  consum ption , m a in ly  based on results o f case-contro l 
s tud ies.5 In 2007, WCRF/AICR published th e ir Second Expert Report. Assoc ia tions 
betw een the q ua n tity  o f fru it  and vegetab le  consum ption  and risks o f cancers o f the 
m outh, pharynx, la rynx, oesophagus, s tom ach and lung were still observed but now  
judged  as p robable .6 In add ition , Boffe tta  et al. found  ve ry  weak inverse associations 
betw een the consum ption  o f fru its  and vegetab les and overall cancer risk in EPIC.7 
These m oderate  e ffects o f fru its  and vegetab les give rise to ongo ing  d iscussions 
betw een scien tis ts  as illus tra ted  by several op in ion  papers and ed ito ria ls .6, 8-12 
In 2005, Potter sum m arizes the m ain p rob lem s as fo llow s: "W e still have an 
unclear p ic ture  o f the re lation betw een d ie t and chron ic disease, the role o f specific 
foods, specific  meal patterns, and changes over tim e, w he ther due to changes in 
foods them selves or changes in behaviours. We have ye t to take advantage o f the 
com ple te  range o f hum an behaviours, genetic  va riab ility , and disease pa tte rns ." He 
discusses the potentia l changes in fru it  and vegetab le  com pos ition  by changes in 
food  sources, p lant b reed ing, or harvesting, transpo rt, and sto rage.8 Key adds the 
problem  o f residual con found ing , by sm oking  especia lly.11 But also the va ria tions 
in the a va ilab ility  o f b ioactive  com pounds in fru its  and vegetab les due to food  
p roduction  and prepara tion  are a d is tu rb ing  fa c to r in th is  type  o f research.8, 13 
Below, I w ill d iscuss several o f these challenges and how  they m igh t have influenced 
the find ings  in th is  thesis.

Assessment of the quantity of fruit and vegetable consumption
One possib le  explanation fo r  the absence o f a strong inverse association betw een fru it 
and vegetab le  consum ption  and cancer risk is the d if f ic u lty  o f m easuring one's habitual 
d ie t accurately. M ost ep idem io log ic  studies re ly on food  frequency questionna ires 
(FFQ) fo r the m easurem ent o f habitua l d ie ta ry  intake.14 Respondents are asked about 
the usual frequency o f consum ption  o f specific  foods and food  groups over a specific  
period o f tim e, m os tly  a year.15 For a be tte r quan tifica tion  o f usual intake, add itiona l 
questions are o ften  included about usual p o rtion  size and prepara tion  m ethods.16 
The m ain advantages o f the FFQ are the ease o f adm in is tra tion , the poss ib ility  to 
gain in fo rm a tion  about m any d iffe re n t food  item s over a long period o f tim e, and the 
re la tive ly  lo w  costs.17 A m ong  the b iggest p rob lem s w ith  FFQs are the d if f ic u lty  of 
co rrec tly  recalling all the p roducts eaten over a longer tim e  period and the inc lina tion  
to report desirab le  (more healthy) d ie ta ry  behaviour. The m easurem ent o f fru it and 
vegetab les by FFQ is especia lly know n to be d iff ic u lt as people know  tha t these 
foods are considered health ier.18 In add ition , seasonal va ria tions in fluence the FFQ.19 
W ith in  the p ilo t phase o f EPIC in each co un try  the food  frequency m easurem ents 
were va lidated  aga inst data from  12 tim es repeated 24-hour recalls. Rank co rre la tion  
coe ffic ien ts  fo r  the va lid ity  o f to ta l vegetab le  consum ption  were in general low er 
(ranging from  0.30 am ong Ita lian men to 0.54 am ong French w om en) than those fo r
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fru its  (from  0.33 am ong German men to  0.79 am ong Spanish men). In com parison, 
a lcoho l and d a iry  p roducts  had the best re lative va lid ity  w hich  ranged from  
0.71 am ong French w om en to  0.90 am ong Spanish men fo r  a lcohol consum ption  and 
from  0.46 am ong German w om en to 0.78 am ong Ita lian m en.20
A lthough  FFQs m ig h t not be a ve ry  accurate too l fo r  the m easurem ent o f the quan tity  
o f fru it  and vegetab le  consum ption , they are genera lly  th ou gh t to be w ell capable 
to  rank ind iv idua ls  according to  th e ir fru it  and vegetab le  consum ption . In add ition, 
ep idem io log ic  studies on the association betw een fru it  and vegetab le  consum ption  
and the risk o f card iovascu lar diseases have show n consistent inverse associations 
betw een the consum ption  o f fru it  and vegetab les, as m easured by FFQs, and 
card iovascu lar disease risk. This ind icates tha t FFQs are capable to detect associations 
betw een the consum ption  o f fru its  and vegetab les and disease risk.
D ie ta ry assessm ent m ethods like food  records and 24-hour recalls are considered 
m ore accurate than FFQs. However, these m ethods still have th e ir own errors such as 
lim ited  tim e  fram e and d ifficu ltie s  ca lcu lating  usual diet. In add ition , not all m ethods 
are su itab le  fo r large (cohort) s tudies, because they are m ore tim e  consum ing 
and/or m ore costly  (Table 7.2). Furtherm ore, the FFQ is capable to cover the habitual 
d ie t over a longer tim e  fram e. C urrently, there is no gold standard in d ie ta ry  
m easurem ents.

Table 7.2: Main advantages and disadvantages of frequently used dietary assessment methods

Dietary
measurement Advantages Disadvantages
method
FFQ • Information over a longer • Recall bias (retrospective)

time period • Less detailed data
Many food groups and • Report of desirable
products dietary behaviour
Large study population • Seasonal variation
possible
Relatively cheap

Food diary/record • Detailed information • Time consuming for
participant and researcher 
Time period is limited (3-7 days) 
Change of usual consumption 
behaviour
Report of desirable behaviour
Expensive
Seasonal variation

24-hour recall • Detailed information • Time period is very limited
• Easy to implement • Difficult to calculate

dietary patterns
• Seasonal variation

The im portance  o f accurate d ie ta ry  m easurem ent is show n by studies w ith in  the EPIC 
N orfo lk  coho rt, w here d iffe ren t risk estim ates w ere found  depending on the m ethod 
used to co llec t data on diet. W ith in  th is  coho rt, Bingham  e t al. stud ied  the association 
o f fru it  and vegetab le  consum ption  and the risk o f ischaem ic heart disease (IHD).
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Fruit and vegetab le  consum ption  was assessed using 7-day food  d iaries and a FFQ. In 
add ition , several b iom arkers inc lud ing  v itam in  C w ere determ ined. The risk o f IHD was 
inverse ly associated w ith  the consum ption  o f fru its  and vegetab les w hen measured 
w ith  the food  d ia ry  (hazard ratio  (HR) 0.90, 95% CI 0.85-0.96 per qu in tile  increase), 
bu t not w ith  fru it  and vegetab le  consum ption  m easured w ith  the FFQ (HR 0.96, 
95%CI 0.90-1.01 per qu in tile  increase). Furtherm ore, plasma v itam in  C and v itam in  
C calculated from  the food  d ia ry  w ere inverse ly related to  IHD risk (HR 0.90, 95%CI 
0.85-0.95 and HR 0.91, 95%CI 0.86-0.96 respective ly), w h ile  v ita m in  C calculated from  
the FFQ was no t related to  IHD risk (HR 1.00, 95% 0.94-1.05).21 Com parable find ings 
w ere seen by Dahm e t al., w ho  found  a s ta tis tica lly  s ign ifican t inverse association 
betw een co lo recta l cancer and d ie ta ry  fib re  intake as m easured by prospective  7-day 
food  diaries w h ile  the authors did not find  an association w ith  d ie ta ry  fib re  measured 
by FFQ.22
These results emphasize the im portance  o f adequate m easurem ent m ethods to 
obta in  va lid  and reliab le risk outcom es. For our find ings , it m ay mean tha t the weak 
associations found  fo r  fru it  and vegetab le  consum ption  and lung cancer risk m ay 
w ell be s tronge r in reality. C om parison o f ou r results w ith  the results o f o ther coho rt 
stud ies on the same associations show  s im ila r find ings. This is an ind ica tion  tha t our 
m oderate  inverse associations fo r  lung cancer risk and our null fin d ing s  fo r  b ladder 
cancer risk m ay not be chance find ings. However, these o ther co ho rt studies also 
relied on a FFQ fo r th e ir m easurem ents o f fru it and vegetab le  consum ption  so there 
m ay be co rre la tion  o f spurious results am ong studies.
It is possib le , to som e extent, to co rrect fo r  m isc lass ifica tion  and to derive  error- 
ad justed risk estim ates. In an 8% random  subsam ple o f the entire  EPIC coho rt sing le 
24-hour d ie ta ry  recalls were co llected to ca lib ra te  the FFQ data. A  linear regression 
ca lib ra tion  m odel was used to  ad just fo r  possib le system atic  over- o r under-estim ation  
in FFQ-based d ie ta ry  intake m easurem ents and to co rrect re lative risk estim ates 
fo r  a ttenuation  b ias.23 In chapters 2 and 4 ca lib ra ted risk estim ates are presented 
toge ther w ith  the unca lib ra ted risk estim ates. In general we did not observe marked 
d iffe rences betw een the tw o  d iffe re n t sets o f estim ates. The co m p a rab ility  o f the 
risk estim ates supports  our inference tha t the associations found  in th is  thesis m ay 
not like ly  be fu lly  expla ined by the FFQ m ethodo logy, a lthough we realize tha t the 
e rro r s tructu res o f the FFQ and 24-hour d ie ta ry  recalls are not independent and thus 
chance can never be excluded.
To com p lem en t food  frequency questionna ires, m easurem ents o f d ie t-re la ted 
b iom arkers in b lood, plasma and/or urine can be used to see w hich  and in to  w ha t extent 
nu trien ts  are absorbed and excreted by the body. A lthough  n u tritiona l b iom arkers 
on ly  in part re flect consum ption  o f specific  foods, they m ay ind icate  the level of 
specific  b ioactive  substances in the body. In a nested case-contro l s tudy w ith in  EPIC, 
investiga ting  the association betw een B v ita m ins  and lung cancer risk the authors 
found  tha t a fte r extensive ad jus tm ent fo r  sm oking , a m odera te ly  low e r lung cancer 
risk was observed fo r  increasing serum  fo la te  levels, a lthough th is  association was 
restric ted  to  fo rm e r and cu rren t sm okers, and was not apparent in never sm okers.24 
M ajor sources o f fo la te  are lea fy vegetab les and legum es. O ther b iom arkers o f fru it 
and vegetab le  consum ption , like v ita m in  C and caroteno ids have not ye t been studied 
as fa r as lung cancer risk w ith in  EPIC is concerned. C urrently, the association betw een 
plasma levels o f caro teno ids, fo la te  and v itam in  C and risk o f b ladder cancer is being 
evaluated w ith in  EPIC.

Assessment of variety in fruit and vegetable consumption
Diet D ivers ity  Scores (DDS) are freq ue n tly  used m easurem ents o f va rie ty  in to ta l d ie t
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and in specific  food  groups. A lthough  the DDS is o ften  used in studies investiga ting  
the re lation betw een overall d ie t and chron ic diseases, the specific  use o f the 
m easurem ent o f va rie ty  in fru it  and vegetab le  consum ption  is less com m on. Some 
case-contro l studies have evaluated the association betw een the va rie ty  in fru it  and 
vegetab le  consum ption  and disease risk using DDS, but on ly  as secondary ob jective , 
a fte r evaluating the e ffec t o f va rie ty  in the to ta l diet.
We used fo u r separate DDSs to  q ua n tify  the va rie ty  in fru it  and vegetab les consum ed, 
one fo r  the va rie ty  in to ta l fru it  and vegetab le  consum ption , tw o  fo r  the va rie ty  in 
vegetab le  consum ption  and one fo r  the va rie ty  in fru it consum ption . The fo u r DDSs 
count the num ber o f d iffe ren t fru it  and vegetab le  p roducts  eaten in tw o  weeks. For 
the score it does no t m atte r how  m uch o f the p roduct is eaten; 1 gram  o f the p roduct 
counts the same as 1 k ilogram  o f the product. However, our studies suggest that 
ind iv idua ls  eating a large va rie ty  o f fru it and vegetab le  p roducts  are also m ore likely 
to  consum e a greater am oun t o f fru its  and vege tab les.2, 4 The tw o  aspects o f fru it  and 
vegetab le  consum ption  are thus in terre la ted. Therefore , we adjusted our studies on 
va rie ty  o f fru it  and/or vegetab le  consum ption  fo r  the to ta l q ua n tity  o f consum ption  
o f fru it  and/or vegetables. This m ade it possib le  to  investigate  the association o f the 
va rie ty  in fru it and vegetab le  consum ption  independent from  the am oun t o f f ru it  and 
vegetab les consum ed. As fa r as w e know, th is  has been done on ly  in one o the r s tudy.25 
Because the DDS is not ye t freq ue n tly  used to measure va rie ty  in fru it and vegetab le  
consum ption , we w anted to  com pare the DDS to  a m ore ob jective  m easurem ent of 
fru it  and vegetab le  consum ption . C arotenoids are one o f the best know n groups of 
b ioactive  substances present in fru its  and vegetab les and freq ue n tly  used fo r  va lida tion  
o f fru it  and vegetab le  consum ption  assessm ents. We com pared sing le m easurem ents 
o f plasma levels o f the s ix m ain caro teno ids w ith  the DDSs fo r  fru it and vegetab le  
consum ption . We hypothesized tha t partic ipan ts  w ho  consum ed a large va rie ty  in 
fru its  and vegetab les, show  sm all d iffe rences in ranked caro teno id  concentra tions 
regardless w he ther all are high or low. We ranked the levels o f caro teno ids and 
calcu lated a mean d iffe rence  score. As w ith  the DDS, the mean d iffe rence  score is 
independen t o f the actual plasma levels o f the ind iv idua l carotenoids.
The co rre la tion  betw een the DDS and the b lood levels o f caro teno ids tu rned ou t to 
be weak, w ith  the h ighest co rre la tion  coe ffic ien t being 0.26 fo r  the va rie ty  in fru it 
consum ption  and the rank d iffe rence  score based on non-fasting  samples. In chapter 
6 we discussed tha t the absence o f a standard m ethod to com pare the DDS and the 
d iffe rences in serum  caro teno id  levels m igh t explain the weak associations found. 
O ur rank d iffe rence  score m ethod is la rge ly based on the assum ption  tha t ind iv idua ls  
eating m any d iffe ren t types o f fru its  and vegetab les have a un ifo rm  d is tribu tio n  in 
th e ir plasm a levels o f caro teno ids. In add ition , as the q ua n tity  o f fru it and vegetab le  
consum ption  is in terre la ted  w ith  the va rie ty  in fru it and vegetab le  consum ption , 
these tw o  characte ris tics should  perhaps not be studied separately, but rather in 
com b ina tion  by inco rpo ra ting  the q ua n tity  o f consum ption  in to  the DDS. Thus 
perhaps leaving the q ua n tity  o f fru it and vegetab le  consum ption  ou t o f the DDS and 
the actual p lasma levels o f the caro teno ids ou t o f the mean d iffe rence  score is part 
o f the explanation o f our weak associations. We did observe s tronge r co rre la tions 
betw een the DDS and the caro teno id  mean d iffe rence  score in the h ighest te rtile  
o f to ta l fru it  and vegetab le  consum ption  and the m idd le  and h ighest levels o f to ta l 
caro teno id  ranking. A lthough  we do not know  how  it w ou ld  have in fluenced our 
find ings , in th eo ry  it should be possib le  to  inco rpora te  a m easurem ent o f q ua n tity  in 
the DDS by on ly  coun ting  the p roducts  eaten in a q ua n tity  above a certa in th resho ld , 
like the m edian o f consum ption . The reasons w hy  we chose not to use the am ount 
o f consum ption  in the DDS, is tha t we considered it m ore im p o rta n t to eat m any 
d iffe re n t kinds o f fru it  and vegetab le  p roducts  than the q ua n tity  o f consum ption .
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M oreover, it is unknow n w h ich  am ount o f a specific  fru it o r vegetab le  p roduct can be 
considered su ffic ien t to  be counted in a DDS.

Time of dietary assessment to endpoint
The d iscussion above illus tra tes the d if f ic u lty  o f d ie ta ry  assessm ent, especia lly the 
assessm ent o f f ru it and vegetab le  consum ption . Besides th is, the tim e fram e  in w hich 
fru it  and vegetab les can influence disease risk is unknow n. Generally, the studies 
investiga ting  the re la tion w ith  fru it  and vegetab le  consum ption  invo lve ind iv idua ls  
aged betw een 30 and 60 years old and assessm ent o f d ie ta ry  habits is on ly  done at 
baseline. It is th ou gh t tha t the consum ption  o f these ind iv idua ls  is qu ite  stable over 
tim e. However, consum ption  is not a lways stable and m ay be in fluenced by m any 
facto rs , like changes in life  c ircum stances and changes in ava ilab ility  o f p roducts. So, 
one d ie ta ry  assessm ent at baseline o f the s tudy is p robab ly  insu ffic ien t to  s tudy the 
re la tion betw een d ie ta ry  fac to rs  and disease risk.
Further, it is still unknow n at w ha t m om en t in the natural course o f disease o f in terest 
the b ioactive  com pounds o f fru its  and vegetab les are m ost beneficia l. M oreover, it is 
s till unknow n w h ich  b ioactive  com pounds are m ost im p o rta n t and how  they in teract 
in the hum an body. It is even possib le  tha t b ioactive  com pounds present in fru it and 
vegetab les play d iffe re n t roles at d iffe ren t tim es during  carcinogenesis. Lee e t al. 
p rospective ly  exam ined associations betw een fo la te  intake assessed every 2 to  4 year 
and risk o f co lorecta l cancer and adenom a in the Nurses' Health S tudy and Health 
Professionals Follow -U p Study. They show  tha t fo la te  intake was on ly  associated 
w ith  low er risk o f co lorecta l cancer in de preadenom a stage.26 This illus tra tes the 
need fo r  repeated exposure assessm ent to  de te rm ine  d ie ta ry  s ta b ility  and to a llow  
fo r  research at d iffe re n t stages o f disease deve lopm ent.

Endpoint measurement
EPIC uses d iffe re n t types o f endpo in t assessm ent m ethods. A sce rta inm ent o f cancer 
was based on popula tion-based cancer reg istries in seven o f the partic ipa ting  
countries, in three o the r coun tries a com b ina tion  o f m ethods was used, inc lud ing  health 
insurance records, cancer and pa tho logy hosp ita l reg istries, and active fo llo w -u p .27 
The consequences o f these d iffe rences in endpo in t assessm ent betw een the centres 
are tha t the p ro b a b ility  tha t a cancer d iagnosis is recorded and recorded co rrec tly  in 
EPIC d iffe rs  betw een countries. The use o f cancer reg istries is considered reliable, 
a lthough it depends on the qua lity  o f the reg istra tion . The d iffe rence  in endpo in t 
assessm ent betw een the centres is one o f the reasons tha t ou r analyses w ere s tra tified  
by centre reducing the im pact o f m isc lass ifica tion  o f endpo in ts  on the overall risk 
estim ates despite  the consequent loss in EPIC-wide va ria tion  in exposures. It is 
possib le  however, tha t some ind iv idua ls  are w ro n g ly  classified as non-cases. This 
m ay som ew hat weaken the strength  o f the observed associations.
The d iffe ren t case ascerta inm ent m ethods also d iffe r in deta il in the in fo rm a tion  about 
the pa tho logy  o f the tu m o u r on w hich  we base our c lassifica tion  o f the h is to log ica l 
subtypes o f lung cancer. U nfortuna te ly , we do no t have tu m o u r m ateria l fo r  a central 
pa tho logy  rev iew  o f all cases to va lidate  th is  data. This means tha t we could not 
categorize all tum ours  in to  the specific  h is to log ica l subgroups, resu lting  in loss of 
pow er in the s tra tified  analysis.

Effect modification and confounding by smoking
Sm oking is the m ain risk fa c to r fo r  both lung and b ladder cancer. A lm os t 90% o f lung 
cancer cases are a ttr ib u tab le  to c igare tte  sm oking. W ith in  EPIC an increased risk of
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lung cancer was found  fo r  cu rren t sm okers (HR 14.6; 95%CI 11.3-18.7) and fo rm e r 
sm okers (HR 6.6; 95%CI 5.1-8.4), com pared to  never sm okers.28 C igarette sm oking 
is associated w ith  all h is to log ic  subtypes o f lung cancer, but the s trength  o f the 
associations d iffe rs  w ith  sm all cell lung cancer being strongest related to c igare tte  
sm oking  fo llow ed  by squam ous cell lung cancer, w h ile  adenocarcinom as show  the 
weakest re la tionsh ip  w ith  c igare tte  sm ok ing .29 W ith  respect to  lung cancer, the m ost 
im p o rta n t e tio log ica l agents are the carcinogen ic po lycyc lic  a rom atic  hydrocarbons 
(PAHs) and the carcinogenic, tobacco-spec ific  N -n itrosam ines.30 
The causal re la tionsh ip  betw een tobacco sm oking  and b ladder cancer was established 
in the 1980s.31 Both dura tion  o f sm oking  and in tens ity  o f sm oking  are independen tly  
related to  h igher risks o f b ladder cancer.32 W ith in  EPIC an increased risk o f b ladder 
cancer was found  fo r  both cu rren t sm okers (HR 4.0, 95%CI 3.1-5.1) and fo rm e r 
sm okers (HR 2.2; 95%CI 1.7-2.9), com pared to  never-sm okers.33 A lth ou g h  the specific  
carcinogens in c igare tte  sm oke responsib le  fo r  the increased risk o f b ladder cancer 
are unknow n, a rom atic  am ines are th ou gh t to be the m ost im p o rta n t fac to r.34, 35 
Fruit and vegetab les are know n to conta in  m any an tiox idan ts  and m igh t be able 
to  reduce the ox ida tive  stress present in tissues o f sm okers. However, evidence 
show s tha t com pared w ith  non-sm okers, cu rren t sm okers have low er c ircu la ting  
concentra tions o f v ita m in  C, a -carotene, ß-carotene and c ryp toxan th in , w h ich  can not 
to ta lly  be explained by d iffe rences in d ie ta ry  patterns. C igarette  smoke could resu lt in 
increased m etabo lic  tu rnove r or decreased absorp tion  o f such an tiox idan ts .36 
In th is  thesis, s trongest inverse associations were found  fo r  lung cancer w ith  increasing 
q ua n tity  and va rie ty  in fru it and vegetab le  consum ption  am ong curren t sm okers 
only.1, 2 Several o the r studies have also reported inverse associations betw een fru its  
and vegetab les and lung cancer risk am ong curren t sm okers on ly .25, 37, 38 It is argued 
tha t th is  m igh t be due to  residual con found ing  by sm oking , as sm okers tend to have 
an unhealthy lifes ty le  inc lud ing  low  consum ption  o f f ru it and vegetab les.11, 39 We also 
found  the s tron g ly  reduced risks fo r  squam ous cell lung cancer, one o f the h is to log ic  
subtypes s trongest related to c igare tte  sm oking. We cannot expla in  w hy  we did not 
find  the same association fo r  sm all cell lung cancer, w h ich  is even s tronge r related to 
c igare tte  sm oking  com pared to squam ous cell lung cancer.
We did not find  an association betw een the consum ption  o f fru its  and vegetab les, 
both qua n tity  and varie ty, and the risk o f b ladder cancer, ne ither am ong sm okers 
nor am ong never sm okers.3, 4 This m ay reflect d iffe ren t m echanism s o f c igare tte  
sm oking  on the risk o f lung and b ladder cancer. A lthough  the exact m echanism s fo r 
both cancer types are unclear, it is a fact tha t the lungs are under d irect exposure 
to  c igare tte  smoke and its m etabo lites , whereas the b ladder is on ly  exposed to the 
m etabo lites  produced in the hum an body. It m igh t be tha t the b ioactive  com pounds 
o f fru its  and vegetab les on ly  have an e ffec t on d irec t carcinogens in c igare tte  smoke 
and not on all the d iffe ren t m etabo lites  o f these substances present in the human 
b ladder o f sm okers. A n o the r explanation  m ig h t be tha t the b ioactive  com pounds in 
fru its  and vegetab les m igh t not be su ffic ie n tly  present in the hum an b ladder to be able 
to  counteract the m etabo lites  o f c igare tte  smoke present in the bladder. A lte rna tive ly , 
as the carc inogen ic e ffec t o f c igare tte  sm oke is less s trong  fo r  b ladder cancer 
than fo r lung cancer, also the influence o f fru its  and vegetab les are there fo re  perhaps 
less pronounced.

Implications for researchers, clinicians and policy makers
The studies in th is  thesis can have d iffe ren t im p lica tions  fo r  (future) research as w ell as 
fo r  physicians, patients and pub lic  health po licy  makers. Below  I w ill g ive suggestions 
fo r  fu rth e r research given the lim ita tion s  o f p reventive  n u tritiona l research described
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above. I w ill also discuss our fin d ing s  m ore spec ifica lly  fo r  physicians, patients and 
cancer su rv ivors . Finally, I w ill d iscuss some m ore general pub lic  health m essages 
im p o rta n t fo r  po licy  makers.

Implications for researchers: Fruit and vegetable consumption
C urrent research about the e ffec t o f f ru it and vegetab le  consum ption  focuses a lm ost 
so le ly  on the q ua n tity  o f fru it  and vegetab le  consum ption . However, va rie ty  in fru it 
and vegetab le  consum ption  is m entioned in m ost d ie ta ry  recom m endations. For the 
cancers judged  by the second expo rt report o f the WCRF/AICR as p robab ly  inverse ly 
related to  fru it  and vegetab le  consum ption , i.e. m ou th , pharynx, la rynx, oesophagus 
and stom ach, also ind ica tions fo r  reduced risk were reported fo r  m ore varied fru it 
and vegetab le  consum p tion .40-43 These studies on the association w ith  a varied 
consum ption  o f f ru it and vegetab les, however, were m a in ly  o f a case-contro l design. 
Furtherm ore, these studies did not ad just fo r  the q ua n tity  o f fru it and vegetab le  
consum ption  and there fo re  could no t conclude tha t the e ffects seen fo r  the va rie ty  in 
consum ption  w ere independent from  the am ount o f fru its  and vegetab les consum ed. 
In th is  thesis, we found  tha t if the risk o f a specific  cancer decreases w ith  increasing 
q ua n tity  o f fru it  and vegetab le  consum ption , in th is  case lung cancer, the va rie ty  in 
fru it  and vegetab le  consum ption  m ay decrease the risk o f th is  specific  cancer over 
and above the association w ith  quantity . On the o the r hand, if there is no association 
betw een cancer risk and the q ua n tity  o f fru it  and vegetab le  consum ption , as we found  
fo r  b ladder cancer, it m ay be less likely tha t there  w ill be an association w ith  the 
va rie ty  in fru it  and vegetab le  consum ption .
To test w he ther th is  hypothesis, tha t if the risk o f a specific  cancer decreases w ith  
increasing fru it  and vegetab le  consum ption  also the va rie ty  in fru it  and vegetab le  
consum ption  m ay decrease the risk o f tha t specific  cancer over and above the 
association w ith  quantity , and in o rder to  underp in  the d ie ta ry  recom m endation  of 
varied fru it  and vegetab le  consum ption , fu tu re  research on the e ffec t o f fru it and 
vegetab le  consum ption  shou ld  include both the qua n tity  as the va rie ty  o f fru it  and 
vegetab le  consum ption .

Implications for researchers: Assessment methods
The re lation betw een fru it  and vegetab le  consum ption  and cancer risk has m ain ly  
been investigated in observa tiona l studies. These studies depend on d ie ta ry  and 
ou tcom e assessm ents w h ich  are prone to  bias as discussed above. If indeed true 
associations betw een vegetab le  and fru it consum ption  and cancer risk are on ly 
m oderate  o r even weak, high q ua lity  m ethods fo r  d ie ta ry  and outcom e assessm ent 
are o f u tm ost im portance. As said, there is no gold standard fo r  d ie ta ry  m easurem ent 
in large-scale popu la tion  studies. O bservational stud ies on the e ffect o f d ie t and risk 
o f ch ron ic diseases should there fo re  not re ly on one type  o f m easurem ent, bu t rather 
use com b ina tions  o f m ethods in o rder to s im u ltaneous ly  assess d iffe ren t aspects of 
usual d ie ta ry  intake and by doing so be tte r approach the true  underly ing  usual d ie ta ry  
intake. The 24-hour recall is considered to  be the best m ethod fo r  d ie ta ry  assessm ent 
as it is deta iled and re la tive ly  easy to  im p lem en t and provides a good estim ate  of 
po rtion  size. However, fo r  a good p icture  o f habitua l d ie t one needs several 24-hour 
recalls spread over a larger tim e  fram e or an add itiona l FFQ or Food P ropensity  
Q uestionna ire  (FPQ). The 2003-2004 National Health and N utrition  Exam ination Survey 
(NHANES) introduced the use o f the FPQ, w hich collects much o f the same in form ation  
as a FFQ, but w ith o u t asking about portion  size.44 Subar e t al. showed that the frequency 
data from  the FPQ may o ffe r im portan t covariate in fo rm ation  fo r estim ating habitual 
consum ption  o f food  groups, in add ition to m u ltip le  24-hour recalls.44
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In add ition  to the use o f com p lem en ta ry  d ie ta ry  m ethods, also the use o f in te rne t 
as m edium  fo r these m ethods shou ld  be encouraged and standardized. W eb-based 
questionna ires o ffe r several advantages, inc lud ing  im m edia te  checks fo r  incom ple te  
or im p laus ib le  answers, rem inder m essages to  the respondent and personalized 
feedback. Furtherm ore, the w eb-based questionna ires require no expenses fo r 
p rin ting , postage, m anual check o f incom p le te  answers, and trans fe r o f data to an 
e lectron ic  fo rm a t.45
Besides the m ethod o f d ie ta ry  assessm ent, also the frequency o f ob ta in ing  th is 
in fo rm a tion  is im portan t. To be able to  incorpora te  changes over tim e  in d ie ta ry  and 
lifes ty le  habits, assessm ent o f the exposure variab les should be carried ou t regu la rly  
and not on ly  at baseline. These regula r assessm ents should  a lready be planned from  
the beg inn ing  o f the study.
A lso , the use o f d ie t-re lated  b iom arkers is cu rren tly  too  lim ite d .9 A lm o s t all d iet- 
related b iom arkers are no t d irect m arkers o f consum ption , but o f specific  b ioactive  
substances in b lood, urine, etc. The concentra tion  o f these b ioactive  substances does 
not on ly  depend on the consum ption  o f the p roducts they o rig ina te  from , but also on 
the processes o f d igestion  and absorp tion  in the hum an body. M oreover, they o ften 
re flect sho rt te rm  intake, not habitua l d ie t over a longer tim e. In add ition  they do not 
m easure the fu ll m a trix  o f consum ption , bu t are based on ind iv idua l com pounds. 
However, b iom arkers are cu rren tly  the on ly  ob jective  m easurem ent o f fru it  and 
vegetab le  consum ption  in the hum an body. By com b in ing  the m easurem ents of 
d iffe re n t b iom arkers, like in som e so rt o f score like fo r  exam ple the rank d iffe rence 
score used in chapter 5, one could obta in  a m ore com ple te  p ic ture  o f exposure. And 
like the m easurem ent o f d ie ta ry  habits using questionna ires, also the co llec tion  of 
b iom arkers shou ld  be repeated. Special a tten tion  to  seasonal changes shou ld  be 
taken in to  account w hen p lann ing these repeated m easurem ents.

Implications for researchers: Study design
A lthough  there are several w ays to im prove  d ie ta ry  assessm ent in observa tiona l 
research, observa tiona l research is not the on ly  so lu tion  to  answ er the question 
w he the r there is a true  association betw een fru it and vegetab le  consum ption  and 
cancer risk. In a tria l, the consum ption  o f fru it  and vegetab les can be con tro lled  and 
is there fo re  less biased. But o f course, it is no t possib le  to regulate d ie t fo r  a long 
tim e, let a lone the im p o ss ib ility  to b lind the tria l partic ipants  fo r  the in te rven tion  
m ethod. In te rm ed ia te  outcom e m easurem ents are there fo re  needed. Lower 
ox ida tive  dam age to DNA in w h ite  b lood cells or decreased u rina ry  excre tion of 
8-O xo-2 '-deoxyguanosine  (8-oxodG), one o f the m a jor p roducts  o f DNA oxida tion  
and ind ica to r o f ox idative  stress, are potentia l in te rm ed ia te  ou tcom es.46 There have 
been som e studies using these in te rm ed ia te  outcom es. M 0 lle r et al. used a parallel 
24-day d ie ta ry  p lacebo-contro lled  in te rven tion  s tudy w here  subjects were 
random ized in to  three groups rece iv ing an an tiox idan t-free  basal d ie t and 600 g 
o f fru its  and vegetab les, o r a supp lem ent conta in ing  the correspond ing  am ounts 
o f v ita m ins  and m inera ls, or placebo to  test the e ffec t on the level o f ox idative  
DNA dam age and repair a c tiv ity  in w h ite  b lood ce lls.47 A  random ized contro lled , 
crossover feed ing  tria l, p rov id ing  10 serv ings/day o f fru it  and vegetab les fo r  tw o  
weeks, m easured as ou tcom e endogenous DNA dam age, resistance to Y-irrad iation 
dam age and DNA repair capacity  in lym hocy tes .48 However, both studies found  no 
e ffe c t.47, 48 One d is tin c t p o ss ib ility  fo r  the absence o f an e ffec t m ig h t be tha t the 
in te rven tion  periods were too  sho rt in re la tion to  the natura l course o f cancer tha t m ay 
take decades before becom ing c lin ica lly  m anifest. Briviba e t al. found  in a random ized 
con tro lled  tria l tha t 8 serv ings/day o f fru it and vegetab les fo r  fo u r weeks resulted
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in s ign ifican tly  h igher plasma concentra tions o f lu te in , zeaxanthin, a -carotene and 
ß-carotene com pared to on ly  2 serv ings/day o f fru it  and vegetables. However, th is 
d id not result in d iffe rences in levels o f endogenous DNA strand breaks, oxidative  
DNA dam age, an tigenotox ic  capacity  o f lym phocytes, plasma m arkers fo r  lip id  
perox ida tion  and an tiox idan t capacity. The authors state tha t perhaps o ther tissues, 
like lung and colon are perhaps m ore prone fo r  the an tiox idan t capacities o f f ru it  and 
vegetables. A d d itio na lly , fru it  and vegetab les can m odula te  a num ber o f physio log ica l 
processes and it is possib le tha t the an tiox idan t p roperties  may no t be the m ajor 
fa c to r responsib le  fo r  the beneficia l health e ffects such as the prevention  o f cancer 
and card iovascu lar disease.49 A n o the r poss ib ility  is the use o f cell lines. Vreeburg et 
al. have developed a too l w h ich  uses hum an colon derived Caco-2 cu ltu re  to s tudy  the 
e ffec t o f b rocco li, apples, tom atoes and m ushroom s on gene expression. This too l is 
able to s tudy w ho le  foods and there fore  s tudy all the b ioactive  com pounds present in 
these fo o d s .50
A lthough , these types o f studies m igh t not be ve ry  useful fo r  pub lic  health messages, 
they can help to  e lucidate  underly ing  m echanism s and unravel the active b ioactive  
substances invo lved, w hich  w ill s trengthen the observed associations observed in 
observa tiona l ep idem io logy.

Physicians, patients and cancer survivors
The studies in th is  thesis focus on the possib le  p reventive  associations betw een fru it 
and vegetab le  consum ption  and lung and b ladder cancer risk. This means tha t we 
can not make d irec t suggestions w ha t ou r results m igh t mean fo r  physicians, patients 
and cancer su rv ivors . But we can suggest research w h ich  can help to make specific  
recom m endations fo r  th is  group.
Generally, fru it and vegetab les are a part o f a hea lthy d ie t and should  be part of 
everyone's diet. For patients and cancer su rv ivo r's  hea lthy d ie t is perhaps even m ore 
im portan t. Healthy d ie t could help to  cope w ith  adverse e ffects o f cancer therapy, the 
recovery a fte r cancer therapy and reduce the occurrence o f secondary cancers or 
o the r chron ic diseases.
Reducing the risk o f recurrence is an im p o rta n t challenge in the fie ld  o f b ladder 
cancer. 50-70% o f the patients, once diagnosed w ith  b ladder cancer w ill have 
recurrence m ain ly  w ith in  5 years.51 Because o f th is  high risk o f recurrence it w ou ld  be 
good to  investigate  w he the r fru it  and vegetab les can help to  decrease the num ber of 
recurrence in b ladder cancer patients. That we did not observe associations between 
fru it  and vegetab le  consum ption  and b ladder cancer risk m ay not mean tha t f ru it  and 
vegetab les can no t p lay a role in the prevention  o f b ladder cancer recurrences. There 
have a lready been several chem oprevention  tria ls  using n u tritiona l supp lem ents, but 
fin d ing s  are co n flic tin g .52
Cancer and cancer trea tm en t has a big im pact on the hum an body. Com m on late 
e ffects o f cancer and its trea tm ents  include card iovascu lar disease, d iabetes, 
osteoporos is  and o ther endocrine d iso rde rs .53 A lthough  the evidence spec ifica lly  
on cancer su rv ivo rs  is not s trong  enough, WCRF/AICR does recom m end cancer 
su rv ivo rs  to fo llo w  the general recom m endations fo r  d ie t, hea lthy w e igh t and physical 
ac tiv ity , inc lud ing  high fru it  and vegetab le  consum ption .6 W ith  the increasing num ber 
o f cancer su rv ivors , recom m endations fo r  cancer su rv ivors , based on research 
conducted am ong these cancer su rv ivo rs  is becom ing increasing ly m ore im portan t. 
Cancer su rv ivo rs  m igh t be m ore susceptib le  to  the beneficia l e ffects o f a hea lthy d iet, 
fru it  and vegetab le  consum ption  in particular.
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Implications for policymakers
We found  m odera te ly  reduced risks fo r  lung cancer w ith  increasing consum ption  
o f fru it  and increased va rie ty  in vegetab le  consum ption . As the inverse association 
we reported fo r  va rie ty  in vegetab le  consum ption  w ith  lung cancer risk was corrected 
fo r  the am oun t o f fru it  and vegetab les consum ed, it seems im p o rta n t no t on ly  
to  eat a su ffic ien t am ount o f fru it,  but also to  consum e a rich va rie ty  o f d iffe ren t 
vegetab le  products.
A lthough  we on ly  found  m oderate inverse associations w ith  fru it  and vegetab le  
consum ption , one should  keep in m ind tha t as d ie t is a crucial part o f hum an life, 
even sm all risk associations can have substantia l pub lic  health im pact. As m entioned 
by Bouchardy e t al. in response to the sm all e ffects found  fo r  fru it  and vegetab le  
consum ption  and overall cancer risk, 30% o f cancers in men and 20% o f cancers in 
w om en, are linked to  s tronge r decreased risks w ith  increased fru it  and vegetab le  
consum ption .7, 54 This means tha t the overall e ffec t o f increased fru it  and vegetab le  
consum ption  on overall cancer risk m ay be b igger.54 And a lthough not all cancers 
m ig h t be inverse ly related to fru it  and vegetab le  consum ption , ep idem io log ic  
research has never show n tha t fru it and vegetab le  consum ption  increases the risk of 
any cancer. In add ition , fru it and vegetab le  consum ption  has a lready been related to 
reduced risks o f card iovascu lar disease and, obes ity .55, 56
Eating a large va rie ty  o f fru it  and vegetab le  p roducts is part o f m ost d ie ta ry  guide lines, 
bu t is not ye t supported  by much sc ien tific  research. However, as we do not know  
w h ich  b ioactive  com pounds are responsib le  fo r  the p ro tective  e ffects o f fru its  and 
vegetab les on chron ic diseases it is best to consum e a m ix  o f fru it and vegetab le  
p roducts  re flecting  a m ix  o f b ioactive  com pounds. In add ition , consum ing a va rie ty  
o f f ru it  and vegetab le  p roducts  makes it m ore like ly to consum e the p roduct w ith  the 
m ost p ro tective  effect. This is also the reason w hy  the use o f d ie ta ry  supp lem ents in 
hea lthy ind iv idua ls  shou ld  be d iscouraged, as they do not have the same com position  
as fresh  fru it and vegetab le  p roducts  do.
In add ition  to the extensive m eta-analysis on the e ffect o f food , nu tr ition  and 
physical ac tiv ity , WCRF/AICR also pub lished a report on po licy  and actions fo r  cancer 
p reven tion .57 In th is  report they calculate p re ven ta b ility  estim ates fo r  fo u r countries: 
United States o f Am erica  (USA), United K ingdom  (UK), Brazil and China. These 
estim ates are based on the exposures judged  to  be convinc ing  o r probable  related 
to  cancer risk. P reven tab ility  estim ates fo r  the USA and the UK show  tha t about 24% 
(7-40%) and 26% (6-42%) o f all cancers can be prevented by appropria te  food , nu trition , 
physical a c tiv ity  and body fatness. Increased consum ption  o f fru it could p revent 36% 
(18-54%) o f lung cancers in USA and 33% (17-51%) in UK.57 It w ou ld  be good to use the 
WCRF/AICR m odel to  produce p re ven ta b ility  num bers fo r  m ore coun tries to support 
national po licy  makers.
A lthough  m ost people know  tha t the consum ption  o f fru its  and vegetab les is im p o rta n t 
fo r  good health, on ly  fe w  consum e the recom m ended am ount o f fru its  and vegetables. 
It is know n tha t on ly  know ledge and even the in ten tion  o f buying  and consum ing 
fru it  and vegetab les is not enough to  increase fru it and vegetab le  consum ption . The 
ava ilab ility , qua lity , taste and the im age o f fru it  and vegetab les also play an im p o rta n t 
ro le .58 To s tim u la te  th is, fru it and vegetab les shou ld  be m ore p ro m in en tly  available 
fo r  everyone. In add ition , the consum ption  o f fru its  and vegetab les outside  the 
m ain meal shou ld  be encouraged. This makes it easier to  consum e su ffic ien t fru it 
and vegetab les spread over the day.59 A lthough , fru it  and vegetab le  in te rven tions  
are not ye t as successfu l as w ished, con tinu ing  these in te rven tions  are im portan t. 
C ontinuous awareness o f the im portance  o f a hea lthy d ie t w ill de liver at the end.
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Fruit and vegetab les are im p o rta n t com ponen ts  o f a hea lthy d ie t and if consum ed 
in su ffic ien t am ounts can help to  p revent the deve lopm ent o f m a jor chron ic non- 
com m un icab le  diseases. The W orld  Health O rganisa tion  (WHO) recom m ends 
the consum ption  o f a to ta l o f at least 400 gram s o f fru its  and vegetab les daily. 
Fruit and vegetab les are sources o f v itam ins , m inera ls, d ie ta ry  fib re  and o ther 
b ioactive  com pounds, and are m os tly  low  in energy. A ll these characteris tics can 
in fluence disease risk by va rious m echanism s. M ost research on fru it and vegetab le  
consum ption  in re lation to disease risk focuses on the am oun t o f f ru it and vegetab les 
consum ed o r on the intake o f s ing le  nu trien ts  found  in fru it  and vegetables. However, 
it m igh t not on ly  be im p o rta n t to eat a su ffic ien t am oun t o f fru it and vegetab les, but 
also to consum e an adequate m ix tu re  o f all b ioactive  com pounds present in fru it  and 
vegetables. Looking at the role o f the va rie ty  o f fru it and vegetab le  consum ption , 
re flecting  an intake o f m any d iffe re n t b ioactive  com pounds, m ay com p lem en t the 
research on fru it  and vegetab le  consum ption  and disease risk (chapter 1).

Fruit and vegetab le  consum ption  have been hypothesized to  influence lung and 
b ladder cancer risk. Vegetables and fru its  are known fo r  the ir an tiox idan t capacity 
and could there fo re  coun ter the ox ida tive  stress from  tobacco sm oking. In 2007 an 
in te rna tiona l panel o f experts, coord inated  by WCRF/AICR, pub lished a report on 
nu tr ition  and physical a c tiv ity  and cancer prevention. The report concludes tha t fru its  
p robab ly  p ro tec t aga inst lung cancer, and tha t there is lim ited  evidence suggesting 
tha t non-s ta rchy vegetab les, selenium  and foods conta in ing  se lenium  pro tect against 
lung cancer. The expert repo rt concludes tha t there is on ly  lim ited  evidence suggesting 
tha t fru its  and vegetab les p ro tec t aga inst b ladder cancer (chapter 1).

In th is  thesis, the associations betw een the consum ption  o f fru it  and vegetab les 
and the risks o f lung and b ladder cancer were studied in the European Prospective 
Investigation  in to  Cancer and nu trition  (EPIC) study. Both the am oun t o f fru its  and 
vegetab les consum ed as the va rie ty  in fru it  and vegetab le  consum ption  was taken 
in to  account.

The European Prospective Investigation  in to  Cancer and nu tr ition  (EPIC) s tudy  is the 
largest coho rt s tudy in Europe spec ifica lly  designed to investigate  the re la tionsh ip  
betw een d ie t and cancer occurrence. From 1991-2000 over a ha lf m illion  people, 
spread over ten European countries, w ere included in th is  study. The partic ipan ts  filled  
ou t questionna ires about th e ir usual d ie t and o ther lifes ty le  habits. The unique aspect 
o f the EPIC-study is the pa rtic ipa tion  o f d iffe ren t cu ltures w ith  d iffe re n t lifes ty les  and 
d ie ta ry  hab its and d iffe ren t cancer risks (chapter 1).

D iet d ive rs ity  can be m easured by a D iet D ivers ity  Score (DDS). The DDS is based 
on coun ting  d iffe re n t food  item s or groups in the d ie t assessed over a certa in  tim e  
period. It is freq ue n tly  used to measure overall d ie t va rie ty , bu t it is also used to 
m easure va rie ty  in specific  food  groups like fru it  and vegetables. Based on the EPIC 
baseline d ie ta ry  questionna ires record ing habitua l d ie t over the last year preceding 
the firs t contact, we created fo u r d iffe ren t DDS: one to m easure the va rie ty  in fru it 
and vegetab le  consum ption , tw o  to  measure the va rie ty  in vegetab le  consum ption  
(one fo r  the va ria tion  in vegetab le  subgroups en one fo r  the va ria tion  in vegetab le  
products) and one to measure the va rie ty  in fru it consum ption  (chapter 1, 3, 5, and 6).

During a mean fo llo w -u p  o f 8.7 years, 1,830 EPIC partic ipan ts  w ere new ly  diagnosed 
w ith  lung cancer. We found  an inverse association betw een the am ount o f fru it 
consum ption  and lung cancer risk. The am oun t o f vegetab le  consum ption  was not
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inverse ly associated w ith  risk o f lung cancer (chapter 2). However, m ore va rie ty  in 
vegetab le  consum ption , as represented by a h igher num ber o f d iffe re n t vegetab le  
subgroups eaten was associated w ith  a low e r risk o f lung cancer, w h ile  we found  no 
association w ith  risk fo r  the va rie ty  in fru it consum ption . The inverse associations 
seen fo r  a g reater va rie ty  in vegetab le  consum ption  were independent o f the am ount 
o f vegetab les consum ed (chapter 3). For both the am ount o f fru it  and vegetab les, 
com bined and alone, consum ed as fo r  the va rie ty  in vegetab le  consum ption  inverse 
associations were on ly  observed fo r  cu rren t sm okers and not fo r  fo rm e r and never 
sm okers. In add ition , s trongest inverse associations w ere found  fo r  squam ous cell 
carcinom as, a subtype  o f lung cancer s tron g ly  related to  sm oking. A lthough  the 
results are corrected  fo r  sm oking  w ith  g reat care, residual con found ing  by sm oking 
cannot be ruled out.

A fte r a mean fo llo w -u p  o f 8.7 years, 1,015 partic ipants  w ere new ly  d iagnosed w ith  
b ladder cancer. We found  no association betw een the am oun t o f fru it  and vegetab le  
consum ed, com bined o r separately, and b ladder cancer risk (chapter 4). A dd itiona lly , 
we found  no association betw een a varied consum ption  o f vegetab les and fru its  and 
b ladder cancer risk (chapter 5). This p rovides fu rth e r evidence fo r  the absence o f any 
s trong  association betw een fru it and vegetab le  consum ption  as m easured by a food  
frequency questionna ire  and b ladder cancer risk.

S im ila r to us, m ost large coho rt studies observe o n ly  m oderate  inverse associations 
betw een vegetab les and fru its  and cancer risk or no association at all. The evidence fo r 
associations betw een fru it and vegetab les and d iffe re n t types o f cancer is cu rren tly  
m uch less conv inc ing  than suggested several decades ago. One o f the explanations 
could be the p rogression in s tudy design from  m a in ly  case-contro l studies to large 
p rospective  coho rt stud ies w ith  the la tte r y ie ld in g  s tronge r evidence as d ie t is 
assessed years before  the deve lopm ent o f disease. A n o the r possib le explanation is 
the d if f ic u lty  o f m easuring one's habitua l d ie t accurately. M ost ep idem io log ic  studies 
re ly on food  frequency questionna ires (FFQ) fo r  the m easurem ent o f habitua l d ie ta ry  
intake. The assessm ent o f usual consum ption  o f fru it and vegetab les by means o f a 
FFQ is known to  be d iff ic u lt as people m ay realize tha t these foods are considered 
hea lth ier and there fo re  are prone to report m ore frequen tly . In add ition , seasonal 
va ria tions  in consum ption  and thus the season tha t the FFQ is adm in is te red  influence 
the results on habitual intake. A lthough  FFQs m igh t not be a ve ry  accurate too l fo r  the 
m easurem ent o f the q ua n tity  o f fru it and vegetab le  consum ption , they are genera lly 
th ou gh t to  su ffic ien tly  rank ind iv idua ls  according to th e ir level o f fru it  and vegetab le  
consum ption . To com p lem en t food  frequency questionna ires, m easurem ents o f d iet- 
related b iom arkers in b lood and/or urine can be used to  investigate  w h ich  and to 
w ha t exten t nu trien ts  are absorbed and excreted by the body. A lthough  nu tritiona l 
b iom arkers on ly  in part re flect consum ption  o f specific  foods, they m ay ind icate  
the level o f specific  b ioactive  substances in the body. Further, it is s till unknow n at 
w ha t m om en t in the natural course o f disease the b ioactive  com pounds o f fru its  and 
vegetab les are m ost beneficia l (chapter 7).

Diet d ive rs ity  scores are not yet frequen tly  used to measure va rie ty  in fru it and 
vegetable consum ption. DDS o f vegetable and fru it consum ption  have, in add ition, not 
been exam ined in relation to levels o f p lausib le biomarkers. We com pared our DDS 
to plasma levels o f six carotenoids m ost com m on ly  present in b lood (a-carotene, 
ß-carotene, ß -cryptoxanth in , lycopene, lutein and zeaxanthin). Blood concentra tions o f 
carotenoids are frequen tly  used as a m ore objective m easurem ent o f fru it and vegetable 
consum ption. To standardise the six plasma carotenoids, concentrations were re
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scaled using a rank d ifference m ethod; h igher values represent larger and low er values 
represent sm aller in tra -ind iv idua l varia tion in the concentrations o f the six plasma 
carotenoids. We hypothesized that partic ipants, w ho consum ed a large va rie ty  in fru its  
and vegetables, show  small d ifferences in ranked carotenoid concentra tions regardless 
w he ther all are high or low. However, we observed that the DDS were on ly weakly 
associated w ith  the rank d ifference score. S trongest corre la tions were found between 
the va rie ty  in fru it consum ption and the rank d ifference score. This m igh t mean that 
the d ie ta ry  assessment m ethods used in EPIC m ay not adequately rank partic ipants 
according to d ive rs ity  in the usual consum ption o f vegetables and fru its . A lte rna tive ly , 
the rank d iffe rence  score based on a single m easurem ent o f six caro teno ids m ay be 
too  lim ited  to capture the va rie ty  presented by the DDS (chapter 6).

Varie ty in fru it  and vegetab le  consum ption  is m entioned in m ost d ie ta ry  
recom m endations. In o rder to underp in  the d ie ta ry  recom m endation  o f varied fru it 
and vegetab le  consum ption , fu tu re  research on the e ffect o f fru it and vegetab le  
consum ption  should  include both the qua n tity  as the va rie ty  o f fru it and vegetab le  
consum ption . M oreover, m ethodo log ies to  characterize and va lidate  d ie t d ive rs ity  
require  fu rth e r studies (chapter 7).

A lthough  we on ly  found  m oderate inverse associations betw een cancer risk and fru it 
and vegetab le  consum ption , one should  keep in m ind tha t even weak associations 
can have substantia l pub lic  health im pact. And a lthough not all cancers m igh t be 
inverse ly related to fru it  and vegetab le  consum ption , ep idem io log ic  research has 
never show n tha t fru it and vegetab le  consum ption  increases the risk o f any cancer. 
In add ition , fru it  and vegetab le  consum ption  has a lready been related to  reduced 
risks o f card iovascular disease and obesity. And as we do not know  w h ich  b ioactive  
com pounds are responsib le  fo r  the p ro tective  e ffects o f fru its  and vegetab les on 
ch ron ic  diseases it is best to consum e a m ix  o f fru it and vegetab le  p roducts reflecting 
a m ix  o f b ioactive  com pounds (chapter 7).
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G roente en fru it  zijn belangrijke  com ponenten  van een gezonde voed ing. Het 
eten van vo ldoende  groente  en fru it kan het ris ico op de m eest voorkom ende  niet 
overdraagbare chronische ziekten verlagen. De W ereld G ezondheidsorganisatie  
(WHO) raadt aan om dagelijks m in im aal 400 gram groente  en fru it te eten. G roente 
en fru it  zijn een bron van v itam inen , m inera len, voedingsvezel en andere b ioactieve 
s to ffen. Tevens zijn groente  en fru it  laag in energ ied ich the id . Deze e igenschappen 
kunnen op ve rsch illende  m anieren het ris ico  op ziekte beïnvloeden. Onderzoek 
naar de relatie tussen groente- en fru itco nsu m p tie  en het ris ico  op ziekte rich t zich 
vo o rna m e lijk  op de hoeveelheid groente  en fru it  dat is gegeten o f op nutriën ten  die 
aanwezig zijn in groente  en fru it. Echter, het is w aa rsch ijn lijk  n ie t alleen be langrijk  
om vo ldoende  groente  en fru it  te eten, m aar ook om een gevarieerde m ix  te eten 
van groente- en fru itso o rte n . H ierbij zorg t de va ria tie  van versch illende  groente- en 
fru itso o rte n  vo o r de innam e van d iverse b ioactieve s to ffen  die in groente  en fru it 
voorkom en. Het onderzoeken van het e ffect van een gevarieerde consum ptie  van 
groente  en fru it  kan het onderzoek naar de relatie tussen groente- en fru itco nsu m p tie  
en het ris ico  op ziekte com ple teren (hoofdstuk 1).

De consum ptie  van groente  en fru it  ve rlaag t m oge lijk  het ris ico  op long- en 
blaaskanker. De in groente  en fru it  aanwezige an tiox idanten  zouden de oxidatieve 
stress veroorzaakt door roken ten ie t kunnen doen. Een groep in terna tiona le  experts  
hebben, gecoörd ineerd  door WCRF/AICR, in 2007 een rappo rt u itgebrach t over de 
relatie tussen voed ing , fysieke  a c tiv ite it en de preventie  van kanker. D it rapport 
conc ludeert dat fru it  w aa rsch ijn lijk  het ris ico  op longkanker kan verlagen en dat er 
beperkt bew ijs  is dat g roente , se lenium  en producten die se lenium  bevatten het risico 
op longkanker kunnen verkle inen. Voor blaaskanker conc ludeert het rappo rt dat er 
slechts beperkt bew ijs  is dat groente  en fru it  het ris ico  kunnen verlagen (hoofdstuk 1).

In d it p ro e fsch rift w o rd t de relatie tussen groente- en fru itco nsu m p tie  en het risico 
op long- en blaaskanker bestudeerd in de 'European Prospective Investigation  into 
Cancer and n u tr itio n ' (EPIC) studie. Zowel de hoeveelheid groente  en fru it  d ie is 
gegeten als de va ria tie  in g roente- en fru itco nsu m p tie  w o rd t h ie rb ij onderzocht.

De EPIC studie  is de g roo ts te  coho rts tud ie  in Europa die specifiek is opgezet om de 
relatie tussen voed ing  en het ontstaan van kanker te bestuderen. Tussen 1991-2000 zijn 
m eer dan een ha lf m iljoen  m ensen, ve rspre id  over tien  Europese landen, geïncludeerd 
in de studie. Bij de s ta rt van de studie  hebben de dee lnem ers v ragen lijs ten  ingevu ld  
over hun gebru ike lijke  voed ing  en andere lee fs tijlgew oontes. De deelnam e van 
ve rsch illende  cu lturen  m et versch illende  lee fs tijl en voed inggew oontes, m aar ook 
m et ve rsch illend  kankerris ico, is een unieke e igenschap van de EPIC studie  (hoofdstuk 
1).

Variatie in consum ptie  kan w orden  gem eten m et 'D ie t D ivers ity  Scores' (DDS). 
DDS te llen  het aantal ve rsch illende  voed ingsp roducten  o f voed ingsgroepen  die 
zijn gegeten b innen een bepaalde tijdspe riode  (b ijvoorbee ld  tw ee weken). DDS 
w orden  rege lm atig  geb ru ik t vo o r het m eten van de va ria tie  in de to ta le  voed ing  maar 
kunnen ook w orden geb ru ik t om de va ria tie  b innen een specifieke voed ingsgroep  
te m eten, zoals groente  en fru it. Op basis van de EPIC voed ingsvragen lijs ten , die de 
gebru ike lijke  voed ing  van het voorgaande jaa r m eten, hebben w ij v ie r ve rsch illende 
DDS berekend: één m eet de va ria tie  in g roente- en fru itco nsu m p tie , tw ee m eten de 
va ria tie  in g roen teconsum ptie  (één vo o r de va ria tie  in groentesubgroepen en één 
vo o r de va ria tie  in g roen teproducten) en één m eet de va ria tie  in fru itco nsu m ptie  
(hoofdstuk 1, 3, 5, en 6).
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In de EPIC studie zijn na gem iddeld  8,7 jaar, 1.830 mensen ged iagnosticeerd  m et 
longkanker. Het eten van m eer fru it was geassocieerd m et een lager ris ico op het 
krijgen van longkanker. De hoeveelheid groente  die was gegeten had geen invloed 
op het longkankerris ico  (hoofdstuk 2). Echter, een m eer gevarieerde consum ptie  van 
groente , o f m eer specifiek een gro tere  va ria tie  in gegeten g roentesubgroepen, was 
wel gerela teerd aan een lager longkankerris ico. Variatie in fru itco nsu m p tie  was niet 
gerela teerd  aan longkankerris ico. De relaties die zijn gevonden tussen de varia tie  
in g roen teconsum ptie  en longkankerris ico  waren ona fhanke lijk  van de hoeveelheid 
gegeten groente  (hoofdstuk 3). Voor zowel de hoeveelheid, als vo o r de va ria tie  in 
g roente- en fru itco nsu m p tie  ge ld t dat de gevonden e ffecten alleen vo o r rokers w erden 
gevonden en n iet vo o r n ie t-rokers o f mensen die w aren gestop t m et roken. Tevens 
w erden de sterkste relaties gevonden vo o r het ris ico op p laveise lce llongkanker, een 
subtype  van longkanker dat s terk gerelateerd is aan roken. Ondanks dat de resultaten 
zo rgvu ld ig  gecorrigeerd  waren vo o r roken, kan de beïnvloed ing  van roken op de 
resu ltaten n iet w orden u itgeslo ten.

Na gem idde ld  8,7 jaa r w erd  b ij 1.015 dee lnem ers van de EPIC studie  vo o r het eerst 
b laaskanker vastgeste ld . Binnen de EPIC studie  is geen relatie gevonden tussen het 
ris ico  op blaaskanker en de consum ptie  van groente  en fru it, zowel de hoeveelheid 
van consum ptie  (hoofdstuk 4) als de va ria tie  in consum ptie  (hoofdstuk 5). D it bevestig t 
dat er w aa rsch ijn lijk  geen sterk verband is tussen de consum ptie  van groente  en fru it, 
gem eten m et een voedse lfrequen tievragen lijs t, en de on tw ikke ling  van blaaskanker.

De m eeste coho rts tud ies  v inden  net zoals onze resultaten zwakke o f geen associaties 
tussen g roen te - en fru itco nsu m p tie  en het ris ico op kanker. Het huid ige  bew ijs  
vo o r een verband tussen de consum ptie  van groente  en fru it is veel zwakker dan 
een aantal decennia geleden. Een m ogelijke  ve rk la ring  h ie rvoo r is de overgang van 
vo o rna m e lijk  case-contro le  studies naar (grote) prospectieve coho rts tud ies, w aarb ij 
de bew ijs last van de laatste onderzoeksopzet zw aarder w o rd t gew ogen, om dat 
deze studies de voed ing  m eten voorafgaand aan de on tw ikke ling  van de ziekte. Een 
andere ve rk la ring  is de m oe ilijkhe id  van het m eten van de gebru ike lijke  voed ing. De 
m eeste ep idem io log ische  studies maken gebru ik  van voedse lfrequen tievragen lijs ten  
(FFQ) vo o r het m eten van de gebru ike lijke  voed ing. Het is bekend dat het m eten van 
groente- en fru itco nsu m p tie  m et een FFQ lastig  is, om dat mensen deze producten 
als m eer gezond kunnen ervaren en daardoor overschatten w a t zij gebru ike lijk  eten. 
Ook seizoensvariatie  in consum ptie  en dus het seizoen w aarin  de FFQ is afgenom en, 
spee lt een rol b ij de nauw keurighe id  van de m etingen. Ondanks dat de FFQ n iet w o rd t 
gezien als een precies ins trum en t vo o r het m eten van de groente  en fru itco nsu m ptie , 
is het wel vo ldoende  gesch ikt om mensen in te delen naar hun niveau van g roen te 
en fru itconsum ptie . B iom erkers gerelateerd aan voed ing  gem eten in b loed en/of 
urine kunnen w orden  geb ru ik t vo o r het evalueren in hoeverre b ioactieve s to ffen  uit 
g roente  en fru it  w orden opgenom en en u itgesche iden door het lichaam . Ondanks 
dat b iom erkers m aar vo o r een deel de consum ptie  representeren, laten ze wel zien in 
hoeverre specifieke b ioactieve s to ffen  in het lichaam  aanwezig zijn en kunnen zo de 
gegevens u it een FFQ aanvullen. Verder is het nog onbekend op w e lk  m om en t in het 
na tuurlijke  beloop van kanker de b ioactieve s to ffen  u it groente  en fru it een rol kunnen 
spelen in het ziekteproces (hoofdstuk 7).

'D ie t d ive rs ity  scores' zijn nog n iet vaak geb ru ik t vo o r het m eten van de va ria tie  in 
g roente- en fru itco nsu m ptie . Ze zijn ook n iet eerder gerelateerd aan voed ingb iom erkers. 
Daarom hebben w ij de DDS vergeleken m et b loedconcentra ties van zes carotenoïden
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die het m eest voorkom en in b loed (a-caroteen, ß-caroteen, ß -cryp toxanth in , 
lycopeen, lu te ine  en zeaxanthin). Carotenoïden zijn b ioactieve s to ffen  in groente  en 
fru it. B loedconcentraties van deze s to ffen  w orden rege lm atig  geb ru ik t als een m eer 
objectieve m aat vo o r de groente- en fru itconsum ptie . Om de b loedconcentra ties 
van de zes carotenoïden te standaardiseren zijn de concentra ties gerangschikt. 
Een score is berekend van het versch il in rangorde tussen de carotenoïden binnen 
één persoon ('rank d iffe rence  score'), w aarb ij een hoge waarde een g roo t versch il 
in caro tenoïdeconcentra ties b innen een persoon ve rtegenw oord igen  en een lage 
waarde een klein versch il. We nemen aan dat mensen die een gevarieerde g roen te 
en fru itco nsu m p tie  hebben, kleine versch illen  hebben tussen de concentra ties van de 
carotenoïden. Echter de DDS was m aar zeer zwak gerela teerd aan de 'rank d iffe rence 
score'. Het sterkste verband is gevonden vo o r de va ria tie  in fru itco nsu m p tie  en 
de 'rank d iffe rence  score'. D it zou kunnen betekenen dat de m ethode in EPIC om 
gebru ike lijke  voed ing  te m eten (FFQ) n ie t vo ldoende  gesch ikt is om mensen in te delen 
naar hun va ria tie  in g roente- en fru itconsum ptie . Een andere m ogelijke  ve rk la ring  is 
dat de versch illen  in rangorde tussen de b loedconcentra ties  van zes carotenoïden, 
gebaseerd op één b loedm onster, n ie t goed de va ria tie  in g roente- en fru itco nsu m ptie  
m eten (hoofdstuk 6).

Variatie in consum ptie  is een onderdeel van de m eeste voed ingsaanbevelingen. 
Om deze aanbevelingen w e tenschappe lijk  beter te kunnen onderbouw en, m oet 
toekom stig  onderzoek naar de relatie tussen groente  en fru it en ziekte en gezondheid, 
zich richten op zowel de hoeveelheid groente  en fru it d ie w o rd t geconsum eerd als de 
va ria tie  in consum ptie. Daarnaast m oeten de m ethodes die w orden  geb ru ik t vo o r de 
evaluatie  van de va ria tie  in g roente- en fru itco nsu m p tie  ve rder w orden on tw ikke ld  en 
geva lideerd (hoofdstuk 7).

Ondanks het fe it dat er b innen onze studies m aar kleine e ffecten  w erden gevonden 
vo o r de consum ptie  van groente  en fru it,  kunnen deze kleine e ffecten een gro te  invloed 
hebben op de algem ene gezondheid van de bevolking. En ondanks dat g roente- en 
fru itco nsu m p tie  n ie t gerelateerd is aan een verlaagd ris ico  vo o r alle kankersoorten, 
hee ft ep idem io log isch  onderzoek ook nog noo it ve rhoogde  ris ico 's op kanker 
gevonden vo o r de consum ptie  van groente  en fru it. Daarnaast is de consum ptie  
van groente  en fru it  gerelateerd aan lagere ris ico 's op het on tw ikke len  van ha rt
en vaatziekten en overgew ich t. Zo lang we n ie t w eten welke b ioactieve s to ffen  in 
groente  en fru it ve ra n tw o o rde lijk  zijn vo o r deze gunstige  e ffecten  op de on tw ikke ling  
van versch illende  chronische ziekten is het be langrijk  om een gevarieerde m ix  van 
deze producten te consum eren (hoofdstuk 7).
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Zoals de m eeste p roe fsch riften , is ook d it p ro e fsch rift to t stand gekomen m et de 
hulp van velen. Graag w il ik iedereen bedanken die m ij in de d iverse stadia van d it 
p ro e fsch rift op versch illende  m anieren heeft geholpen.

Beste Bas, jo u w  enthousiasm e voo r de EPIC studie en vo o r 'P ub lic  H ealth ' onderzoek 
in het a lgem een, is aanstekelijk. Ook m ij heb je  aangestoken m et d it v irus. N iet alleen 
je  enthousiasm e hee ft m ij erg geholpen tijdens het onderzoek, ook je  nauwkeurige 
com m entaar en het b ra insto rm en over de beste aanpak hebben d it p ro e fsch rift mede 
gem aakt to t w a t het nu is.
Beste Bart, van jou  heb ik het vak geleerd. Na m ijn  stage bij het RIVM binnen de EPIC 
studie  heb j i j d it ve rvo lg  m oge lijk  gem aakt. Je kritische b lik  en vragen w aren zeer 
w aardevol.
Beste Ellen, je  bent pas la ter betrokken geraakt bij d it onderzoek en pas nog later 
ben je  m ijn  tw eede p ro m o to r gew orden. Ik heb je  inbreng a ltijd  zeer gewaardeerd. 
Je vu lde  Bas en Bart pe rfect aan. Bedankt vo o r alle tijd  en energie die je  in d it 
onderzoek hebt gestopt.

A ll EPIC PIs: w ith o u t you, there w ou ld  be no EPIC study. Thank you fo r  all yo u r e ffo rts  
and fo r  all the tim e  put in to  th is  amazing research. Thank you also fo r  reading (and 
keeping on do ing  so) all o f the m anuscrip ts tha t have circu lated over tim e  and m ost 
o f all fo r  yo u r useful com m ents. In add ition , I w an t to  thank all the EPIC-authors o f my 
papers fo r  th e ir con tribu tions . A t last, bu t ce rta in ly  not least I w an t to thank the EPIC 
partic ipants ! Thank you fo r  yo u r w illingness to  give us the precious in fo rm a tion  we 
need to  do th is  kind o f research.

Lieve M artine , vo o r m ij was het heel du ide lijk  dat j i j  één van m ijn  paran im fen m oest 
w orden. Begonnen als m ijn  stagia ire , m aar voora l u itgegroe id  to t een w aardevolle  
collega en m ijn  steun en toeverlaat. Gezien het fe it dat onze pro jecten zo nauw  zijn 
ve rbonden, hebben we zeer veel kunnen delen. Problem en m et analyses, SAS tips, 
geaccepteerde artike len, presentaties op congressen, onze frus tra ties  en zoveel meer. 
M aar ook vakantieverhalen, w ii e rvaringen, te lezen boeken en andere belangrijke 
d ingen ; ). Ik hoop dat we nog lang zullen sam enwerken, w a t de toekom st ook brengt. 
Ik ben b lij dat je  ook in d it laatste stadium  van m ijn  p rom otie  naast m ij staat.

Lieve M arijn , onze chocolade, 'G reys ana tom y ' avonden w aren erg be langrijk  vo o r m ij 
om stoom  af te blazen. Door je  eigen ervaringen bij je  eigen p rom otieonderzoek was 
je  een fantastisch  lu isterend oor.
Fijn dat je  m ijn  paran im f bent!

A lle  co llega 's b ij CVG, som m igen helaas al n ie t m eer werkzaam  op het RIVM. Ju llie  
waren a ltijd  geïnteresseerd in de vo rderingen  van m ijn  onderzoek. T ijdens lunches, 
u itjes o f gew oon bij het b innenlopen op de kamer, ik kon a ltijd  m ijn  verhaal kw ijt. Nu 
m ijn  p rom otieonderzoek e inde lijk  is a fgerond, kan ik m ij ook w eer vo lled ig  sto rten  op 
m ijn  werkzaam heden b ij het RIVM. Daphne, M arieke, Saskia, Jacco, Ivon bedankt vo o r 
alle gezelligheid. Jan, bedankt vo o r al het databeheer w erk en de SAS tips  en trucs! Je 
hebt m ij de eerste regels op het gebied van databeheer b ijgebracht. Fränzel, als pos t
doc op het EPIC p ro ject en later ook als m ijn  p ro jec tle ide r heb ik veel van je  geleerd. Ik 
hoop dat ik nog veel m eer van je  mag leren. A lina , ondertussen w erk je  b ij het DKFZ 
in H eidelberg, dat ook een speciaal plekje in m ijn  hart heeft, m aar bij CVG was je 
een bron van in fo rm atie . Van het doen van analyses to t het subm itten  van artikelen. 
H opelijk  lopen we nog een keer samen de philosophenw eg. M artine t, j i j  hebt m ij laten 
zien dat prom overen helemaal n ie t zo'n slecht idee is ; ). Ik ben nog steeds tro ts  op
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het fe it dat ik je  paran im f m och t zijn. Janneke, we zijn al lang kam ergenoten. We zijn 
erg ve rsch illend  en doen versch illende  typen onderzoek, m aar ju is t h ie rdoor heb ik 
veel van je  geleerd. Lieve Heidi, ik ben b lij dat je  bij CVG bent komen werken zodat 
we elkaar hebben leren kennen en zoveel leuke d ingen samen hebben kunnen doen. 
Ik hoop dat er nog velen vo lgen.

Ondanks dat ik m ijn  m eeste tijd  van m ijn  onderzoek heb doorgeb rach t op het RIVM, 
om dat m ijn  p rom otieonderzoek a ltijd  m aar een pa rttim e  bezigheid is geweest, heb 
ik ook een leuke tijd  gehad in N ijm egen. A lle  m ede-AIO 's bedankt vo o r gedeelde 
ervaringen tijdens refereerb ijeenkom sten, cursussen en congressen.

Lieve Anne en Hanneke, ju llie  w aren beiden a ltijd  zeer geïnteresseerd in m ijn 
onderzoek. Ik hoop dat nu ik w eer w a t m eer rust in m ijn  leven en voora l hoofd  heb we 
w eer vaker leuke d ingen samen kunnen doen. L iefste v riend inne tje  Janin, samen m et 
Jeroen en Claes hebben we heerlijke avonden doorgeb rach t vo l w ijn , spelle tjes en 
lekker eten. Ook samen Haldern on tdekt (volgend jaa r w eer toch?!). We zagen elkaar 
a ltijd  m inde r vaak dan w e w ilden , m aar daar kom t van af nu ve randering  in! Lieve Lotte, 
onze vriendschap kent ve le rad iostiltes, m aar die ve rdw ijnen  a ltijd  d irec t w anneer 
we elkaar w eer zien. Eva, vriend in  van... m aar ondertussen echt m ijn  v riend inne tje ! 
We m oeten echt w eer m eer gaan sporten  samen, m aar de sauna mag ook hoor ; ). 
Lieve Floor, ben erg b lij m et zo'n n ich t, we kunnen goed m et elkaar praten en naar 
e lkaar lu isteren. Dank daarvoor. Rob, M arleen, Jelle, H ilde, Niek, M artijn , Carmen, 
Jo rick  en M ark, ik heb ju llie  leren kennen als vrienden  van Claes, m aar ju llie  waren 
a ltijd  n ieuw sg ie rig  naar de stand van zaken en de u itkom sten  van m ijn  onderzoek. 
M aar voora l de gezelligheid tijdens de d iners op Tweede Kerstdag, ze iltrip jes, feestjes 
en festiva ls  w aren vo o r m ij zeer waardevol. Bastiaan en Harm, ik ben tro ts  op het 
vanG oud avon tuur dat ju llie  samen m et Claes zijn begonnen! Fijn dat ik gebru ik  m ocht 
maken van ju llie  kan toorfac ilite iten  de laatste tijd !

Lieve Tom, M ieke, Daan en Sam antha, ju llie  stonden a ltijd  klaar vo o r m ij. Bedankt 
vo o r alle steun, lie fde en gezelligheid. Lieve Fem en Gwen, lieve zussen. E indelijk 
is het dan zover, ju llie  'k le ine ' zusje gaat dan toch nog prom overen. Ju llie  zijn heel 
be langrijk  vo o r m ij, en ik v ind  het daarom  heel b ijzonder dat ju llie  zo tro ts  zijn op m ij, 
dat heeft m ij enorm  gesteund deze jaren. Ook ju llie  lieve m annen W outer en Rob 
ben ik zeer dankbaar vo o r alle interesse, steun en de som s b roodnod ige  re la tivering. 
Jelle, Nynke, H idde, M arle en Diede, m aar na tuu rlijk  ook Tom en Jack, ik v ind  het heel 
b ijzonder dat ik ju llie  tante ben. Ju llie  laten zo du ide lijk  zien w aar het leven e igen lijk  
om draait, doen w aar je  goed in bent en voora l w a t je  leuk v in d t! Lieve pap en mam, 
zonder alle kansen die ju llie  m ij hebben geboden en al het ve rtrouw en  dat ju llie  a ltijd  
in m ij hebben gehad, had ik h ier noo it gestaan. Ik hou van ju llie !

L iefste Claes, ook voo r jou  is er een einde gekom en aan lange periode. Ik w eet dat ik 
n ie t a ltijd  de m akkelijkste vriend in  ben gew eest w anneer de stress te veel de overhand 
kreeg. Bedankt dat ik m ij a ltijd  m och t afreageren bij je, de rust die je  a ltijd  bewaarde 
en die je  ook bij m ij w eer in m ijn  leven kon krijgen. M aar voora l bedankt vo o r alle 
b ijzondere d ingen die we samen meemaken. Ik w il m et jou  de rest van de wereld  
ontdekken.
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