Int. J. Cancer 91, 563-5& (2001)
© 2001 Wiley-Liss, Inc.

Publicatio nd th e Internationa | Union Against Cancer

DIETARY ANTIOXIDANT VITAMINS, RETINOL, AND BREAST CANCER
INCIDENCE IN A COHORT OF SWEDIH WOMEN

Karin B. MicHeLsY™, Lars HoLmBeRG?, Leif BErckvisT®, H&kan Liunc®, Ake Bruce® ard Alicja WoLk®

1Obstetrics and Gynecolog Epidemioloy Center Brigham and Womens Hospital Harvard Medicd Schoo) Boston MA, USA
2Departmen of Epidemiology Harvard Schod of Public Health, Boston MA, USA

SDepartmen of Medicd Epidemiology Karolinska Institutet Stockholm Sweden

“Departmen of Surgery University Hospital Uppsah University Sweden

SDepartmen of Surgey and Centre for Clinical Researh Uppsah University, Centrd Hospital Vasteras Sweden

®Nationd Food Administration Uppsala Sweden

Dietary antioxidant vitamins and retinol have been pro-
posed to be protective against breast cancer on the basis of
their ability to reduce oxidative DNA damage and their role
in cell differentiation. Epidemiologic studies have not been
convincing in supporting this hypothesis, but women with
high exposure to free radicals and oxidative processes have
not been specifically considered. We explored these issues in
the Swedish Mammography Screening Cohort, a large pop-
ulation-based prospective cohort study in Sweden that com-
prised 59,036 women, 40-76 years of age, who were free of
cancer at baseline and who had answered a validated 67-item
food frequency questionnaire. During 508,267 person-years
of follow-up, 1,271 cases of invasive breast cancer were diag-
nosed. Cox proportional hazards models were used to obtain
hazard ratios (HRs) and 95% confidence intervals (Cls).
There was no overall association between intake of ascorbic
acid, beta-carotene, retinol or vitamin E and breast cancer
incidence. High intake of ascorbic acid was inversely related
to breast cancer incidence among overweight women
(HR=0.61; 95% CI 0.45-0.82, for highest quintile of intake
among women with body mass index>25 kg/m?) and women
with high consumption of linoleic acid (HR=0.72; 95% CI
0.52-1.02, for highest quintile of ascorbic acid intake and
average consumption of more than 6 grams of linoleic acid
per day). Among women with a body mass index of 25 or
below, the hazard ratio for breast cancer incidence was 1.27
(95% CI 0.99-1.63), comparing the highest to the lowest
quintile of ascorbic acid intake. Consumption of foods high in
ascorbic acid may convey protection from breast cancer
among women who are overweight and/or have a high intake
of linoleic acid.
© 2001 Wiley-Liss Inc.

Key words: breag cancer ascorbt acid; beta-caroteng retinol,
vitamin E

In the seart for risk factors for breag$ cancer genetc and
reproductie characteristis hawe been identified Many of these
factors are not easiy modifiable and the ques for preventive
strategis for this fairly comman malignang has targetea lifestyle
factors that can be influenced The role of diet in breas carcino-
geness ard promotim of tumar formation ard growth is unclear,
ard epidemiologet evidene is inconsistent.

Dietaly carotenoids ascorb¢ acid and vitamin E hawe been
postulate to hawe anti-carcinogeru properties throudh their anti-
oxidative action They might neutraliz free oxygen radicals,
which, like othe carcinogensread¢ with DNA.1 Reduction of
oxidative DNA dama@ reduces genetc mutations Antioxidants
may alo influene estrogen-mediatecarcinogenesiby affecting
estrog@ metabolism In an animd experiment ascorb¢ acid in-
hibited estrogen-induakcarcinogenesidard it may preven for-
mation of reactive metabolites capabé of inducing tumors by way
of inhibiting oxidation of estrogens.Retind (preformel vitamin
A) may affed the carcinogerg proces throud its role in cell
differentiation®

Antioxidart nutriens may intera¢ with othe nutrients suc as
fatty acids in particular High intake of polyunsaturatefatty acids
increass oxidation since thes fatty acids are highly reactive
substancedue to 2 or more doubke bonds® Antioxidart vitamins

may counte this oxidative process. Obesiy has been found to be
associaté with suboptimé nutrition that resuls in low serum
concentratios of antioxidans and othe essentibnutrients®:”

Thus interindividud variation of exposue to free radicak and
oxidative processemay leawe certan individuals more vulnerable
to cance development Dietaly antioxidans may affed these
processesdNe useal dat@ from the Swedisr Mammograpl Screen-
ing Cohot to prospectivef study the associatio betweea dietary
ascorbt acid beta-carotenevitamin E, retind and diagnoss of
new case of invasive breas canceyas well as ary modificatian of
this associatia by fatty acid intake and body mas index (BMI).

MATERIAL AND METHODS
Swedid mammograph screenirg cohort

A population-basg mammograph screenig progran was in-
troducel in 2 counties in centrd Swedenin Vastmanlaad county
ard in Uppsah county, from 1987 to 199Q In Vastmanland
county, all women bom betwea 1917 and 1948 were invited by
mail to participae in a mammogran screenig betwea& March
1987 and March 1989 (n=41,786) Enclosel with this invitation
was a6-page questionnaie on demograptd ard lifestyle factors
including questiors on first-degre family history of breas cancer,
height (cm), weight (kg), parity, age at first birth, educatio and a
67-item food frequeny questionnaie (FFQ) 31,7% women
(76%) returnal completel questionnairesin Uppsah couny all
women bom betwea 1914 ard 1948 were invited to the screening
and were mailed the sane questionnaie betweea Januay 1983 and
Decembe 1990 (n=48,517) 34,916 women (72%) returnel com-
pleted questionnairesin total, questionnaire completel before
mammaograpy were availabk from 66,65. women.

Women who did nat fall within the age range of 40—76 years at
mammograpy (n=165), women with missirg (n=707) or incor-
red ID numbes (n=415), women with missirg retum dat of the
questionnak (n=608), those who move out of the study area at
an unknown dat (n=79) and thos who had died during follow-up
but for whom date of deah was missirg (n=16) were excluded
from the study population We also excludel women with self-
reportal energy intake estimats below or abowe 3 standad devi-
atiors of the mean log.-transformel calories (below 417 or above
3,729 kcd from this analyss (n=793). Women with a previous
cance diagnoss othe than non-melanora skin cance at baseline
were identified by linkage to the Swedi$ Cance Registy and
excludel from the cohot (n=2,399) A further 2,43 women with
missirg or unreasonalelself-reporte values for heigh (<100 cm
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or >270 cm), weight £30 kg or > 300 kg), body mass index (lowest). A test for trend employed the median value for each
(<15 or> 50) and age at first birth<{15 or = 60 years of age) quintile.
were excluded from this anaIySIS, IeaVIng a Study cohort of 59,036Hazard ratio estimates were adjusted for age (|n 5_year Ca’[ego_
women. ries) as well as family history of breast cancer (yes/no), height
The study was approved by the Ethical Committee at Uppsdleontinuous), body mass index (BMI) (continuous), parity (0, 1 or
University Hospital and by the Karolinska Institute’s Regiona®, 3 or more children), age at first birthr=p5, 26-30,=31),
Ethical Committee. education (less than high school, high school or university), total
. energy intake (quintiles), alcohol (quintiles) and fiber intake (quin-
Dietary assessmgnt ) o tiles). Analyses relating antioxidant vitamin intake with breast
The self-administered semiquantitative FRQcluded 67 foods  cancer incidence were stratified by family history, agfg0 or=50
commonly consumed in Sweden. We asked how often, on averagears at mammography roughly separating pre- and post-meno-
over the past 6 months, the participants had consumed these fo@gisal women, BMI<25 or =25 kg/n?) according to the World
Frequency categories ranging from “never/seldom” to “4 or moligealth Organization definition of overweight women and alcohol
times per day” were prespecified. The FFQ included questions ggnsumption. The association between antioxidant consumption
fruit and vegetable consumption and on the type of fat commonid breast cancer incidence was also explored within high and low
used at the table (5 types) and for food preparation (5 types); Weata of different types of fatty acids: monounsaturated and major

also inquired about the usual fat layer on sandwiches (thick, th?ﬁblyunsaturated fat, namely, linoleic acid.
very thin or no fat). For nutrient calculations we used age-specific

portion sizes £52, 53—-65 and=66 years) based on mean values

of 5,922 days of weighted food records from 213 women partic- RESULTS

ipating in the validation of 2 food frequency questionnaires (1 of )

them used in the Mammography Cohort). Nutrient composition In our study cohort of 59,039 women, 1,271 were diagnosed
values from the Swedish National Food Administration databa%éth incident, invasive breast cancer during 508,267 person-years
were used for calculatioh. of observation between March 1987 and December 1997. The

The validity of nutrient estimates based on the self-reportéﬂeﬂia” aé:;esizn?tgies cohort was 52 i’:(ljtthehtimesgf routineTrr?ammg_g-
food frequencies was evaluated in a subsample of 129 wo y and 32,736 women were older than 50 years. The median

from this cohort. During 4 7-day periods, 3 to 4 months apart, ea I was 24.1 and the median caloric intake derived from the FFQ

of these 129 participants weighed and recorded all foods cqiéS 1,304 per day. A total of 4,120 women reported a family
sumed. The validity of energy-adjusted micro- and macro-nutrieAtStory of breast cancer. o -
estimates from the FFQ (assessed by Pearson correlation coeffithe energy-adjusted median values for quintiles of vitamin
cients between the FFQ and weighed food records-derived eé@intioxidant and retinol) intake among participants of the Swedish
mates) was as follows: ascorbic acid@.3, beta-carotene=t0.4, Mammography Screening Cohort are given in Table I. Median
vitamin E r=0.3, retinol .=0.5, total fat =0.5, monounsaturated intake values of fatty acids per quintile of vitamin intake are also
fat r=0.5 and total polyunsaturated fat®.4. After completion of presented. With increasing intake of vitamin E and retinol, intake
diet recording, a subcutaneous adipose tissue sample was taRemonounsaturated, polyunsaturated and linoleic acid increased.
from each participant by needle aspiration. The validity of polyFor increasing levels of ascorbic acid and beta-carotene, intake of
unsaturated fat estimated from the food questionnaisea(go of these fatty acids decreased (Table I).

total fatty acids) in comparison to adipose tissue composition wasOverall, intake of ascorbic acid, beta-carotene, vitamin E and
r=0.5. Compared with the food records, the FFQ-based intakesinol was not associated with incidence of invasive breast cancer
were underestimated on average by 12% for saturated and mo(iable Il). This lack of association persisted after adjustment for
unsaturated fat and by 18% for polyunsaturated fat. age, family history of breast cancer, height, body mass index,

The mean energy intake calculated from the FFQ in the validgducation, parity, age at first birth, total caloric intake and con-
tion subsample was 1692-849) kcal, and mean body mass indexsumption of alcohol, fiber and mono- and poly-unsaturated fatty
was 24.77 £3.72) kg/m2 In the whole cohort correspondingacids. When analyses were stratified by BM25 and> 25 kg/n?
values were 1,3304376) kcal and 24.743.93) kg/m?2 a differential association between ascorbic acid intake and breast

. cancer incidence was apparent (Table Ill). A similar pattern was
Identification of breast cancer cases and follow-up of the cohodpserved for vitamin E intake although it was not statistically

Incident cases of breast cancer were identified by linkage of tegnificant (Table IIl). While increasing intake of ascorbic acid
study population with the national cancer registry. Deaths in ttepeared protective for women with BM#25 kg/m2 it was
cohort and dates of death were ascertained through the Swedishociated with a somewhat increased incidence of breast cancer
Death Register, and information about the date of leaving the stuaiynong women with BMI<25 kg/n¥ (Table IIl). Stratifying the
area was obtained by matching of the cohort with the Swedisissociation between dietary antioxidant and breast cancer inci-
Population Register. dence by family history, age 50 at mammography or alcohol intake
above 3.94 grams per day (quartile of women with highest alcohol
consumption) did not reveal any difference (data not shown).

Incident rates of breast cancer were calculated by dividing theWhen the relation between vitamin intake and breast cancer

number of incident cases by person-years of follow-up for eagh.; e P ; :
study participant. Hazard rate ratios (HRs) and 95% confiden%%cldence was stratified by fatty acid intake, a difference in the

Statistical analysis

; - - f Esociation was apparent only for ascorbic acid intake (Table IV).
intervals (Cls) were estimated using Cox proportional hazargg,men who consumed more than 6 grams of linoleic acid per day
modelst© Follow-up was censored at date of diagnosis of breaB

date of death. date of miarati t of the stud efited from high ascorbic acid intake with respect to their future
cancer, date of deatn, date or migration out or the study area or ed?éast cancer risk. No association was observed for different levels
of the follow-up period (December 31,1997).

i i e ) of monounsaturated fat intake (data not shown). To further exam-

Nutrients were adjusted for total caloric intake by using thie the inverse association between ascorbic acid intake and breast
method recommended by Wille&tEach nutrient was regressed orcancer incidence among women with high BMI and high fat
total energy intake on the logistic scale, and the antilogged resijgitake, we considered in particular women with BMI above 25
uals were used in the regression model. Total energy intake wagn? and high consumption of fatty acids with highly reactive
also included in the model to account more completely for beuble bounds (Table V). Among these women, ascorbic acid
tween-person variation due to total energy intake. intake appeared particularly beneficial: BM25 kg/n? and linc

Intake of vitamins was divided in quintiles and the second, thirékic acid>6 g/day; HR=0.43, 95% CI| 0.24-0.75 (highests
fourth and fifth quintiles of intake were each related to the firdowest quintile of ascorbic acid intake);for trend = 0.01.
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TABLE | —ENERGY-ADJUSTED DAILY MEDIAN INTAKE OF ANTIOXIDANTS, RETINOL, AND FATTY ACIDS BY QUINTILES OF MICRONUTRIENT INTAKE
AMONG 59,036 PARTICIPANTS OF THE SWEDISH MAMMOGRAPHY SCREENING COHORT

Energy-adjusted intake by quintile of nutrient intake

Nutrient

1 2 3 4 5
Ascorbic acid (mg) 30.7 46.5 61.2 79.7 109.7
Monounsaturated fat (g) 17.9 171 16.5 15.9 14.7
Polyunsaturated fat (g) 7.0 6.5 6.3 6.1 5.7
Linoleic acid (g) 6.2 5.5 5.3 5.2 4.7
B-carotene (mg) 0.97 1.55 2.18 3.07 5.10
Monounsaturated fat (g) 17.3 16.9 16.5 16.1 15.2
Polyunsaturated fat (g) 6.7 6.4 6.3 6.2 6.0
Linoleic acid (g) 5.9 5.4 5.4 5.2 5.0
Vitamin E (mg) 3.8 51 6.3 7.8 9.3
Monounsaturated fat (g) 15.2 15.2 15.7 171 18.8
Polyunsaturated fat (g) 4.8 5.4 6.2 7.5 8.6
Linoleic acid (g) 3.9 4.5 5.1 6.5 7.5
Retinol (mg) 0.52 0.67 0.81 1.14 1.51
Monounsaturated fat (g) 14.7 16.3 17.1 16.4 17.3
Polyunsaturated fat (g) 5.6 6.2 6.5 6.3 6.7
Linoleic acid (g) 4.7 5.3 5.6 5.4 5.6
TABLE Il —HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (Cl) OF BREAST CANCER BY DIETARY ANTOXIDANTS
AND DIETARY RETINOL AMONG 59,036 WOMEN
HR of breast cancer by quintile (Q) of nutrient intake
95% ClI for Q¥ for trend*
[rlef("e%‘gt] 2 3 4 5 (high) Q P
Ascorbic acid (mg/day)
Age-adjusted 1.00 0.87 1.10 0.99 0.95 0.79-1.13 0.96
Covariate-adjustéd 1.00 0.88 1.09 0.99 0.94 0.78-1.14 0.99
B-carotene (mg/day)
Age-adjusted 1.00 0.95 1.01 1.06 1.01 0.85-1.21 0.51
Covariate-adjustéd 1.00 0.96 1.02 1.07 1.01 0.84-1.22 0.53
Vitamin E (mg/day)
Age-adjusted 1.00 0.97 1.14 1.03 0.96 0.81-1.15 0.99
Covariate-adjusteéd 1.00 0.96 1.06 0.88 0.83 0.60-1.14 0.38
Retinol (mg/day)
Age-adjusted 1.00 0.95 0.96 0.96 1.00 0.84-1.19 0.99
Covariate-adjustéd 1.00 0.97 0.97 0.96 1.00 0.83-1.20 0.96

@ Adjusted for age (in 5 year categories), family history of breast cancer, height, body mass index, education, parity (0, 32 a8
first birth (<25, 25-29 and 30), total caloric intake and intake of alcohol, fiber and monounsaturated fatty &@d84-confidence interval
for HR comparing quintiles 1 and 5.¢=value for 2-sided test for trend.

TABLE Ill — ANTIOXIDANT AND RETINOL INTAKE AND COVARIATE-ADJUSTED HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (Cl)
OF BREAST CANCER BY BODY MASS INDEX (BMI) AT MAMMOGRAPHY AMONG 59,036 WOMEN

HR? of breast cancer by quintile (Q) of nutrient intake

95% CP for Q5° for trend*
[éf(é‘?g‘gt] 2 3 4 5 (high) Q P

Ascorbic acid

BMI > 25 (554 cases) 1.00 0.78 0.92 0.79 0.61 0.45-0.82 0.004

BMI = 25 (717 cases) 1.00 0.96 1.23 1.17 1.27 0.99-1.63 0.02
[-carotene

BMI > 25 1.00 0.87 0.86 0.98 0.86 0.65-1.14 0.60

BMI = 25 1.00 1.03 1.14 1.13 1.14 0.89-1.47 0.21
Vitamin E

BMI > 25 1.00 0.84 0.84 0.83 0.74 0.45-1.19 0.27

BMI = 25 1.00 1.03 1.22 0.87 0.86 0.56-1.32 0.73
Retinol

BMI > 25 1.00 0.96 1.09 0.91 0.93 0.69-1.24 0.49

BMI = 25 1.00 0.96 0.87 1.00 1.05 0.83-1.33 0.59

2 Adjusted for age (in 5 year categories), family history of breast cancer, height, body mass index, education, parity (0, 2@yl
first birth (<25, 25-29 and 38), total caloric intake and intake of alcohol, fiber and mono- and poly-unsaturated fatty 48i6%-confidence
interval for HR comparing quintiles 1 and 5.p*value for 2-sided test for trend.

DISCUSSION inverse association between self-reported ascorbic acid intake and
Among this cohort of women assembled in two counties d"€@St cancer incidence among women with high BMI and/or high
central Sweden who completed a food frequency questionnaird'§@ke of linoleic acid.
the occasion of a routine mammography, we found no overall A number of epidemiologic studies have considered the associ-
association between dietary ascorbic acid, beta-carotene, vitamiatin between dietary antioxidant vitamins and breast cancer risk.
or retinol and subsequent breast cancer incidence. We foundlanseveral individual case-control studies4 as well as in a
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TABLE IV —ANTIOXIDANT AND RETINOL INTAKE AND COVARIATE-ADJUSTED HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (CI)
OF BREAST CANCER BY EXTREMES OF INTAKE OF LINOLEIC ACID

HR? of breast cancer by quintile (Q) of nutrient intake

b *
1 (low) ) 3 4 5 (high) 95% CP for Q5 p for trend
[referent] 9

Ascorbic acid
Linoleic acid> 6 g/d (468 cases) 1.00
Linoleic acid< 4 g/d (199 cases) 1.00
B-carotene
Linoleic acid> 6 g/d 1.0
Linoleic acid< 4 g/d 1.0
Vitamin E
Linoleic acid> 6 g/d 1.0
1.0
1.0
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Linoleic acid< 4 g/d 1.16
Retinol

Linoleic acid> 6 g/d . 0.95 0.92 .28 0.62

Linoleic acid< 4 g/d 1.00 1.00 0.91 1.32 1.17 0.75-1.82 0.21

@ Adjusted for age (in 5 year categories), family history of breast cancer, height, body mass index, education, parity (0, 3)2agyeld
first birth (<25, 25-29 and 30), total caloric intake and intake of alcohol, fiber and monounsaturated fatty &9@%84-confidence interval
for HR comparing quintiles 1 and 5.¢=value for 2-sided test for trend.
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TABLE V —RETINOL AND ANTIOXIDANT INTAKE AND COVARIATE-ADJUSTED HAZARD RATIO (HR) AND 95% CONFIDENCE INTERVAL (Cl) OF BREAST
CANCER (210 CASES) AMONG 59,036 WOMEN WITH BODY MASS INDEX GREATER THAN 25 KG/MAND HIGHEST INTAKE OF LINOLEIC ACID

HR® of breast cancer by quintile (Q) of nutrient intake

14 ) 95% CF for QS p for trend*
[ref(e?grzt] 2 3 4 5 (high)
Ascorbic acid
Linoleic acid> 6 g/d 1.00 0.71 0.97 0.69 0.43 0.24-0.75 0.01
[3-carotene
Linoleic acid> 6 g/d 1.00 0.96 1.15 1.00 0.96 0.61-1.52 0.95
Vitamin E
Linoleic acid> 6 g/d 1.00 0.35 0.69 0.72 0.61 0.22-1.67 0.46
Retinol
Linoleic acid> 6 g/d 1.00 1.12 1.22 1.00 0.93 0.56-1.55 0.50

aAdjusted for age (in 5 year categories), family history of breast cancer, height, body mass index, education, parity (0, 3)2ageld
first birth (<25, 25-29 and 30), total caloric intake and intake of alcohol, fiber and monounsaturated fatty &@%84-confidence interval
for HR comparing quintiles 1 and 5.¢:value for 2-sided test for trend.

compilation of case-control studiésa significant inverse associ- if they were also overweight and/or consumed high amounts of
ation between ascorbic acid intake and breast cancer risk wiasleic acid, were at increased risk of breast cancer due to their
observed. Among prospective cohort studieg! a significant high oxidative stres&?-23 Most of the protection, however, was
inverse association between some micronutrients and breast camoegicentrated among women with ascorbic acid intake of more than
incidence was found only in the Nurses’ Health Stadiyamely, 90 mg per day (highest quintile). We have previously found in this
ascorbic acid, carotenoids and vitamin A were associated wigdhort that high intake of monounsaturated fat was associated with
lower risk among women with a family history of breast cancefower incidence of breast cancer and high consumption of poly-
and beta-carotene and vitamin A among premenopausal womghsaturated fat was associated with higher incidence of breast
Four of the cohort studies were suggestive of an inverse asso@ancer, while saturated fat intake was nor associated with breast

tion between ascorbic acid consumption and breast cancer ingmcer incidences Linoleic acid is a major polyunsaturated fatty
dence; this was strongest in the Netherlands Cohort S®IB®-  5cid in the diet.

sides the Nurses’ Health Study, stratified analyses were presente
only for the Netherlands Cohort Study; stratification by intake of sociation with breast cancer incidence and a similar pattern
polyunsaturated fatty acids exhibited non-significant inverse tren e R Ar pa '
for ascorbic acid and beta-carotene among women with hi OUQh. not statistically S|gn|f|cant., was observed for vitamin E.
consumption of polyunsaturated fatty acids defined as at le nge juice has been reported to inhibit mammary tumorigenesis

15.89 grams per de&. Analyses stratified by body mass indexduced in female rats and to effectively inhibit thein vitro
were not presented in any of the studies. proliferation of human breast cancer céi<itrus flavonoids were

. . . . . found to mediate these reactions. Flavonoids have been reported to
Dietary habits may differ between the countries for which da[%ibit cancer developmed®2” We did not have measures of

the present data, ascorbic acid intake exhibited an inverse

Pighest among Study sohorte in the United States, ranging iglgonoids available from the present data, but, since a high cor-
<112 mg per day in the lowest quintile areB92 mg per day in relation between ascorbic ac!d and citrus _flavon0|ds_, is Ilkel_y,
the highest quintile in the lowa Women's Health Stiéytp a flavonoids may have a part in the protective association with
median intake of 70 mg per day in the lowest quintile, and 205 nigpcorbic acid. _ N
per day in the highest quintile in the Nurses’ Health Stey the This population-based study comprised more than half a million
Netherlands Cohort Study, the median intake in the lowest quintyears of follow-up and with more than 200 breast cancer cases per
was 58.6 mg per day and in the highest quintile 165.3 perélay. quintile of nutrient intake had sufficient power to detect any
our study, the median ascorbic acid intake was 30.7 mg per dayeigsociation between micronutrient vitamin intake and breast can-
the lowest quintile and 109.7 mg per day in the highest quintilger incidence. Unfortunately, we could not account for vitamin
(Table I). It is possible that the women in our cohort with théntake from supplements, however, since this information was not
lowest ascorbic acid intake were deficient in this vitamin and thuayailable to us.
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Measurement error is inherent in questionnaire-based dietdyrthermore, systematic bias due to correlated errors in reporting
assessment. Owing to its structured form, the FFQ generally leasfsfoods is likely to impact on the measure of observation in an
to an underestimation of intake as reflected in the relatively lownpredictable direction. Nevertheless, the FFQ should be able to
total caloric intake calculated (Table I). When characterizing irmugmy separate individuals with extreme intalkeg, women
dividuals according to quintiles of intake, absolute intake is of lesgith very high intake of retinol from women with low intake of
relevance and systematic underestimation of intake across {a@nol. Therefore, comparison of extreme quintiles of intake
entire study population will only bias the measure of associationdhoy|d be informative. Given the complex structure of correlated

the degree of underestimation differs considerably between indro5 i questionnaire-based diet assessment, however, results
V!gy“a's- Random V\_llthllrz-persdon valr(;atlfc;n,howi\_/er, n}'ghé.m:js'd?ﬁ'om epidemiologic studies have to be interpreted cautiously.
sify true average intake and could affect ranking of individuals;; . ) e
such misclassification would lead to an underestimation of t%‘ally, with any subgroup analysis such as the stratification by

association with disease outcome (regression dilution bias). T l, the po§S|b|I|ty of a chance finding has_ tq be con5|dere_d.
random measurement error is also reflected in the relatively lowIn conclusion, we found no overall association between dietary
correlations between nutrients assessed with the FFQ and the @Rkgorbic acid, beta-carotene, vitamin E or retinol and subsequent
record in validation studies. Thus, it is possible that an associatibreast cancer incidence. Women who were overweight and con-
between antioxidant or retinol intake and breast cancer incidergemed foods rich in ascorbic acid had a lower incidence of breast
was not detected in our study due to random measurement eraancer, in particular if they also had high intake of linoleic acid.
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