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Oxidative DNA damage in humans:
comparison between high and low
habitual fruit and vegetable
consumption
Michaël G. L. Hertog, Arjan de Vries, Marga C. Ocké,
Anton Schouten, H. Bas Bueno-de-Mesquita and 
Hans Verhagen

We investigated whether men with a habitual high
consumption of vegetables and fruit have a lower excretion of
8-oxo-7,8-dihydro-2 ¢ -deoxyguanosine(8-oxodG), a urinary
marker for oxidative DNA damage, than men with a low
consumption of vegetables and fruit. Ten pairs of healthy non-
smoking males aged between 28 and 59 years, matched for
age (<10 years) and body-mass index (<2 kg m-2) were
selected from a dietary validation study. Habitual food intake
was estimated with 12 monthly 24-h recalls. Men in the high
vegetable and fruit group consumed an average of 224 g day-1

(range 101± 330 g day-1) more vegetables and fruit than men
in the low vegetable and fruit group. Excretion of 8-oxodG was
95 pmol kg-1 day-1 (95% CI ± 29, 219) higher in the high
vegetable and fruit group than in the low vegetable and fruit
group (paired t-test, P = 0.11). Excretion of 8-oxodG was not
correlated with intake of vitamins, energy, fat, nor with blood
concentrations of antioxidant (pro)vitamins, but it was
inversely correlated with age. The present findings do not
suggest that humans with a habitual high fruit and vegetables
consumption have less oxidative DNA damage as measured
by 8-oxodG excretion than men with low consumption of fruit
and vegetables.

Keywords: fruit, vegetables, antioxidants, 8-oxodG, oxidative
stress.

Introduction
T h e re  is considerable  epid em iolog ica l  ev idence that

populat ions with a  high intake of  fru i t an d vegetab les  have a

low er  rate  of  incidence and mo rtal ity  from  various form s of

c an ce r, but  especially  from cancers  of  the digest ive and

resp ir atory  tract  (Ste inm etz and Potter  1991a) . Fru it  a n d

vegetables contain  a  larg e num ber of  n atural  com po nents,  

e.g . vi tam ins, dietary  f ibre ,  m inerals ,  f lavono ids an d

glucosinolates , that  could,  by a  variety  of  mechanism s,  explain

the  can cer pro tec tive  effects of  these foods (Steinmetz and

Potter  1991b). Most  of  these components are  s tro ng

antio xidan ts ,  an d oxidative DNA  damage is b el ieved to  play an

im p o rta nt  ro le  in  tum o ur  developm ent  (A m es et al. 1995). T he

reduced r isk of  cancer  for  hu mans with a  high intake o f

vegetab les  and fru i t  m ay  th erefore be caused by a  red u ct io n i n

DNA  damage by an tioxidants  typica l ly  present  in  these food s.

We  th erefore  i nv est igat ed the  hy po th esi s w heth er  h um an s

with h ab itu al  high consum ption of  vegetables and fru i t  h av e

less oxidativ e DNA  damage than tho se  with a  low

consum ption of  vegetables and fru i t .  T he m ost  com m o n and

poten tial ly  m utagen ic damage of  DN A caused  by  reactive

oxygen  spec ies  is  that  ar is ing by 8-hydroxylation of  the

guanine base (Am es et al. 1993).  T his DNA-adduct  is

p re su m ab ly rep a i red b y nucleases an d th e resul t ing  p rod uc t ,  

8-oxo-7,8-dihydro-2 ¢ -deoxyguanosine (8-oxodG), is excre t ed ,

indepen den tly  of  DN A fro m  d iet ary  sou rces such as m eat ,  in to

the ur ine (S hig enaga et al . 1989) . The ra te of excretion of  

8-oxodG m ay therefore  serve as  a useful biomarker  of  oxidat ive

DN A d am age in  the wh ole bod y.

METHODS
We se lected from a validat ion study for  a  new food fre q u en cy

qu est io n na ire (Ock… et  al . 1997a), 10 pai rs of  heal thy,  non-

sm oking m en (age range 28±59 years)  with  a  high and w ith a

low consump tion  of  vegetables  and fru it ,  resp ective ly.  Me n

usin g analgesics w ere  excluded from  the an aly sis . Habitual

food intake was es tim ated using the av erage of  12 m onthly  

24-h dietary  recalls  and  nu tr ien t  in takes w ere  calcu lated using

a com puterized versio n of  T he N eth er lands foo d com posit ion

tab le.  Pairs were  m atched  acco rding  to  age (<10 years)  and

body-m ass in dex (<2 kg m-2) .  The differen ce b etw een  p air s

w ith  respect  to  their  consum ption of  f ru i t  and vegetables was

chosen to be at  least  100 g daily.  Subjec ts collected a 24-h ur ine

sam ple (se lf -re p o rted)  for  the determinat ion  of  levels of  

8-oxodG. T he concen trat ion of  8-oxodG w as m easure d b y h igh

p e rform a nce  l iq uid ch rom atography  and electroc h em ica l

detect ion as described  by L oft et al. (1992) ,  with  a sl ight

mod if icat io n of  the separat ion technique (Ve rha gen  et  al .

1997). Q uantif icat ion was carr ied  o ut  with t hree-po int

cal ibrat ion  curv es wh ich  w ere  established for  each sam ple by

addit ion o f  the gen uine com pound . Paral le l  to  ur ine collect ion,

non- fast ing blood sam ples w ere  d r aw n in  w h ich  se ru m  

a - toco ph ero l  an d caro t eno id s we re  d eterm in ed  a s d escr ib ed

p reviously (Ock… et  al . 1997b) .

Results
T he m ean  (‰SD) differen ce between  the  hig hest  an d low est

pair s in  re lation to  their  consu mption of  f ru i t  and vegetables

w as 2 24‰82 g da ily  (Table 1). Energy in take,  fat  in take ,  and

vitam in E  intake did not  diff er  betw een p airs  w ith high an d

low consu mp tion of  fru i t and veg etab les,  wh ereas vi tamin C

a n d  b -caro tene in take w as  sign if icantly  low er  in  the low
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vege tab le and fru it  group.  Blood levels of  ca ro ten oids did n ot

d iffer  between the low and the high f ru it  and vegetab le  gro u p .

S e ru m  a - toco ph ero l w as  lower in  the gro u p wi th  a  h igh

vegetab les and fru i t  c onsu m ptio n than  in  th e g ro u p  w h o

consumed l i t t le  vegetables and  fru i t ,  a l though th is  differe n c e

was not statis t ical ly  signi ficant (paire d  t- test, P = 0.10) (Table 1).

Me an  u r in ary  excret ion of  8-oxodG of  all  part ic ipa nt s  w as

3 5 4‰137 pm ol kg-1 d a y-1. Excre t ion of  8-oxodG could  not  be

d e te rm in ed  in  o n e pa rt icipant  b ecause of  an interfering peak

in  the  ch romatogram, leaving a  total  of  nine pai rs for  the

analysis. 8-OxodG excre t ion  was n ot  lo wer  in  men  wi th a  high

fruit  and v eg etab les co nsu mp tion,  bu t , ra ther,  tend ed to  be

higher in  this group (95 pmol kg-1 d a y-1 95% CI-29 , 219)

al tho ugh this differenc e d id no t  reach statist ical s ignif icance

(Table 2) . In  the 19 part ic ipants , 8-oxodG excre t ion  w as not

c orrelated  with the consum ption of  vegetables  and f ru i t ,  an y

specif ic  vegetab les or  fruit (e .g. cruciferous vegetab les ) , in take

of energy,  fa t  and vitamins,  se rum  levels  of  antioxidant

(pro)vitam ins,  nor w ith b ody-m ass index (al l  Spearm a n  r a n k

c orrela t ion coeff icients <0.25). Age (range 28±59 years)  was

inversely correlated  to  8-oxodG excret ion (r = ±0.50, P = 0.03).

We also  calculated the vegetable and fru i t  co nsum p tio n of  th e

p a rt icip ants  using o nly th e dietary  24-h recall  prior  to  urine

collect ion.  Part i c ip ant s w ere  d ivid ed in to a  hig h a nd low

vege tab le and fru it  grou p using  th e sam e select ion  and

m atching cri ter ia as in  the or ig inal  analysis.  Men in  the h igh

vegetable and fru i t  group con sum ed an av er age of  187‰92 g

m o re vegetab les  and fru i t  th an m en in  th e low  veg etable  and

fruit grou p and 8 -oxodG  excre t ion was 12 pm ol kg-1 d a y-1 (9 5 %

CI ±147 , 171,  paire d  t- test  P = 0.866) higher in  the high

vegetable and fru i t  gro u p .

Discussion
O ur  results do  not  suggest  that  non- sm oking  m en  with a  high

habitual  consum ption of  vegetables and f ru i t  have less

oxidative D NA dam age,  as m easured by excre tion of  the  DNA

re pa ir  p roduct  8-ox odG , than m en with a  low habitual

consum ption of  vegetables and fru i t .  Althoug h the pow er  of

our study  is too  l imited to  ex clu de such an asso ciat ion,  i t

seem s m ore  likely  that habitual  vegetable and fru i t

co nsu m ption  i s  n ot  an  im po rtan t  d eterm inant  of  8-oxodG

ex cre t ion.  Antioxid an t vi tam ins in  the diet  and bloo d levels of

antio xid ant  ( pro)vitam ins also d id not  predict  8-oxodG

ex cre t i on ,  w h ereas age was inversely re la ted  to 8-oxodG

ex cre t i on .

Loft et al. (1992) re p o rted  earl ie r  that 8-oxodG excre t i on  w as

not asso cia ted with intake of  antioxidant  vi tamin s in  83 men

and wo men . In  that  stu dy only  smo king ,  bo dy-mass ind ex and

gen de r we re  identif ied as st ro ng  predic tors of  8-oxodG

ex cre t ion.  We observ e d  p revio usly in  a  dietary  in terv en t io n

study that  8-oxodG excre t ion  w as lo wered  in  no n- sm oking
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Mean differences Paired 

High (n = 10) Low (n = 10) high± low t-test

Mean ± SD Mean ± SD (95% CI) P value

Selection variables

Vegetables (g day-1) 246±88 147±36 99 (39, 158) Ð

Fruit (g day-1) 202±108 77±46 126 (61, 191) Ð

Vegetables and fruit 

(g day-1) 448±111 224±53 224 (166, 283) Ð

Matching variables

Age (years) 46±10 45±10 1 (± 2, 3) Ð

Body-mass index 

(kg m-2) 25.8±2.4 26.0±2.0 ± 0.1 (± 0.9, 0.6) Ð

Descriptives

Energy intake (MJ day-1) 11.3±1.7 10.4±1.7 0.9 (± 1.0, 2.7) 0.313

Fat intake (g day-1) 101.6±22.9 101.4±31.9 0.2 (± 32.0, 32.3) 0.990

Vitamin C intake 

(mg day-1) 113.2±24.0 70.9±19.2 42.2 (16.0, 68.5) 0.005

Vitamin E intake 

(mg day-1) 16.5±5.4 15.9±6.0 0.7 (± 4.2, 5.6) 0.762
b -carotene intake 

(mg day-1) 2.10±0.93 1.36±0.51 0.73 (± 0.00, 1.47) 0.050

Serum a -tocopherol 

( m mol l-1) 36.9±6.9 45.4±12.4 ± 8.5 (± 18.9, 1.9) 0.096

Serum b -carotene 

( m mol l-1) 0.34±0.16 0.28±0.14 0.06 (± 0.08, 0.20) 0.366

Serum a-carotene 

( m mol l-1) 0.07±0.05 0.06±0.05 0.02 (± 0.04, 0.07) 0.549

Serum lycopene 

( m mol l-1) 0.40±0.26 0.44±0.25 ± 0.05 (± 0.33, 0.24) 0.714

Table 1. Characteristics of 10 pairs of men with high and low consumption of fruit and vegetables.
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m ales afte r  dai ly  consumption  of  300  g of  Bru ssel s  sp ro ut s  in

co m pa riso n with no n-cruciferous vegetab les (Ve rh ag en  et  al .

1995).  In  another  interv en tion  stu d y, these re su lt s  w ere

recently  conf irm ed  in  men , but  not  in  w om en (Verh ag en  et al.

1997). In  the presen t  st ud y h ow ev er,  we d id no t  observe an y

asso ciat ion between  habitu al  consum pt ion o f  cru ci f ero u s

vegetab les and 8-oxodG excret ion . A decrease  in  v itam in C

intake from 250 m g to  5 m g daily  has been found to  be

associat ed w ith  in creased  8-oxodG pro d u c t io n  i n  h um a n

sem inal  D NA , wh ereas rep let i on resulted  in  a  decrease in  

8-oxodG production (F raga et  al . 199 1).  On th e other  hand,

su p p lem en ta t i o n w i th  b -carotene did n ot  affec t excret ion of  

8-oxod G in smo king m ales (van  P oppel  et al. 1995).

I t is possib le that long-term  average in take of  vegetables and

fru it  is less p redict ive for  oxidative DNA damage,  but the die t

24 h prior  to  8-oxodG m easurem ent was also n ot  associated

w ith oxidativ e D NA damage.  Observa tion al  s tud ies,  con du cted

w i th in  o n e co un try  (e .g .  T he  Netherlands)  with  uniform

d ie ta ry  hab its may lack suff icient  contr as t in  vegetab le  and

fru it  co nsum ption,  wh ich i s needed  to  detect  an associat i on.

T h is m ay  explain  wh y an  effect  was observed on 8-oxodG

e xcre t i on in  in terven tion  stud ies in  w hich  a  l arge contrast  w as

a chi ev ed th roug h supp lemen tat ion.  T h e need for  large

contr asts co uld also  be explained by l im itat ions in  est im atin g

ind ividual  f ood in tak e by d ietary  a ssessm en t m etho d s.

A ltho ugh  w e used 12 repeated 24 -ho ur recalls,  a  m ethod

c o n sid e red to  prov ide reasonably valid  est im ates of  habitual

food intake,  w e cannot exclude m isc lassi f icat ion of  exposure .

T his is a lso sugges ted by the poor correlat ion betw een in take

and blood levels of  caro tenoids. Th is issue is  extensiv ely

discussed by O ck … et  al . (1997b).  On the other  hand,  the blood

levels of  b -caroten e,  a -caro te ne a nd lyco pen e th em selves,

w h ich  re flect  vege table and  fru i t  co nsu m ption ,  b ut  do  n ot

su ffer from  th ese  l im itat ion s,  w ere  also not  associated w ith 8-

oxodG excret ion. Also ,  se ru m  a - to coph ero l ,  wh ich is

co n sid ered to  b e the majo r l ipop hil ic  an tioxid ant  in  the hum an

b o d y,  was not  associated with  

8-oxodG excret ion .

A geing has been associa ted  w ith a  lower DNA  rep ai r  ac t ivi ty

and in  o ur stud y ag e was ind eed inv ersely re lated  to  8-oxodG

ex cre t ion and i t  was the only factor  predicting 8-oxodG

ex cret ion .  Fraga et  al . (1991)  observed  th at  oxidative DNA

damage in  rats ,  determ in ed in  var iou s organs,  increa sed  w ith

age,  but  that  urinary  8-oxodG excret ion in  rats  decrea sed  w i th

age,  poss ibly  du e to  a  decrease in  DNA repair  act ivi ty.  I t  seem s

th e refore  th at  ur ina ry  excret ion of  8-oxodG is an in tegrated

bio m arker,  re f lecting bo th oxidation DNA d a m a g e and  D N A

repa ir capa ci ty, ra th er  than  being  mere ly an indicator  of

dam age caused by oxidan ts to  DN A. O ur stud y po pulat ion

consisted on ly of  non- sm oking  m en , who are  m uc h l ess

exposed  to  oxidative s tress  than  sm ok ers,  an d we cann ot

exclude that  in  smokers,  8-oxodG  excre t ion  is m ore  st ro ngly

governed by oxidative DNA dam age caused  for  instance by

cigaret te  sm oke and b y pro tect ion  fro m  d iet ary  antio xid ants .

Al ternat ively, the orig in  of  re leased 8-o xodG h as  been

ques tioned  by Lindahl (1993). I t  cannot be  ru l ed ou t  th at  

8-oxodG cou ld be caused by degrada tion of  DNA fro m  d e a d

cells  by unspecif ic  nu cleases and  oxid ation could  hav e

o cc u rred du rin g passage th rou gh  th e kid ney.

Clear ly,  m ore  studies  on markers of  oxidative D NA damage

a n d  re p ai r,  in clud ing  ur ina ry  8-oxodG excre t ion ,  and  the ir

d et e rm in an t s  a re  needed,  Age an d sm ok ing are  tw o im po rt a n t

confou nding f ac tor s that  have to  be tak en  into account in  such

stu d i es.
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