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ABSTRACT
Background: Fruit, vegetable, and antioxidant intakes may reduce
the risk of several insulin-like growth factor (IGF)–related chronic
diseases, such as certain types of cancers and cardiovascular
diseases.
Objective: This study investigated whether intakes of fruit, vege-
tables, and antioxidants (�-carotene, lycopene, and vitamin C) are
associated with plasma IGF-I and IGF-binding protein 3 (IGFBP-3)
concentrations.
Design: Plasma IGF-I and IGFBP-3 concentrations were measured
in 1542 healthy women by enzyme-linked immunosorbent assay. A
self-administered semiquantitative food-frequency questionnaire
was used to estimate mean daily dietary intakes of fruit, vegetables,
and antioxidants over the year preceding blood sampling. Multivar-
iate analyses were performed by using generalized linear models to
evaluate the association of quintiles of daily intakes with concentra-
tions of growth factors.
Results: A higher intake of citrus fruit was associated with higher
concentrations of IGF-I (215 ng/mL for quintile 5 compared with
205 ng/mL for quintile 1; P for trend � 0.04) and with lower con-
centrations of IGFBP-3 (4803 ng/mL for quintile 5 compared with
4960 ng/mL for quintile 1; P for trend � 0.04). Higher dietary
vitamin C intake was associated with higher concentrations of IGF-I
(214 ng/mL for quintile 5 compared with 204 ng/mL for quintile 1;
P for trend � 0.02) and lower concentrations of IGFBP-3 (4813
ng/mL for quintile 5 compared with 4953 ng/mL for quintile 1; P for
trend � 0.03). Total intake of fruit and vegetables and intakes of
other botanical fruit and vegetable subgroups, �-carotene, and ly-
copene were not related to either IGF-I or IGFBP-3 concentrations.
Conclusion: Women with higher intakes of citrus fruit or dietary
vitamin C tend to have higher plasma concentrations of IGF-I and
lower plasma concentrations of IGFBP-3. Am J Clin Nutr 2006;
84:1518–26.

KEY WORDS Diet, fruit, vegetables, antioxidants, nutrients,
insulin-like growth factor, insulin-like growth factor binding protein

INTRODUCTION

There is growing evidence that intakes of all or some fruit and
vegetables and their constituents have potentially important ef-
fects on the risk of some chronic diseases such as certain types of
cancers and cardiovascular diseases. Protective effects of fruit
and vegetable intakes against ischemic heart diseases (IHD) and
stroke have been reported in several prospective studies (1–5),
but not all (6, 7). In particular, a greater beneficial effect on IHD

or stroke was suggested for certain botanical or phytochemical
subgroups of fruit and vegetables and their related antioxidants,
such as cruciferous vegetables (1), green leafy vegetables (1, 2),
citrus fruit (1, 6), vitamin C–rich fruit and vegetables (2), vitamin
C (3, 8), and carotenoids (3, 9). Likewise, total fruit and vegetable
intake has been proposed to play a role in the prevention of some
types of cancers including stomach, breast, bladder, and colo-
rectal cancer, although these associations appeared to be weak
[reviewed by McCullough and Giovannucci (10) and Key et al
(11)]. According to the authors, certain botanical subgroups,
such as tomato and cruciferous vegetable intakes, may be asso-
ciated with a reduction in the risk of some specific sites of cancer
including prostate and bladder cancer. In addition, intakes of
antioxidants such as lycopene may protect against prostate can-
cer (12).

Similarly, members of the insulin-like growth factor (IGF)
family have been suggested to play a role in the occurrence of
some of the same chronic diseases. For instance, prospective
epidemiologic studies showed that higher IGF-I concentrations,
lower IGF-binding protein 3 (IGFBP-3) concentrations, or both
were associated with a reduced risk of ischemic heart disease
(13), heart failure (14), and of ischemic heart disease mortality
(15). In contrast, prospective epidemiologic studies reported an
association of higher IGF-I concentrations, lower IGFBP-3 con-
centrations, or both with an increased risk of premenopausal
breast (16–18), prostate (19, 20), and colorectal (21) cancers,
although other prospective studies did not observe such associ-
ations (22–24) [reviewed by Renehan et al (25)]. Thus, an inter-
individual fluctuation in IGF concentrations may modulate the
risk of some chronic diseases, and this fluctuation could be due
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to genetic, environmental, or lifestyle factors including nutrition
(26).

It is well known that severe energy and protein deprivation is
related to lower IGF-I concentrations (27). However, the possi-
bility that fruit, vegetable, and antioxidant intakes may be linked
to circulating IGF-I and IGFBP-3 concentrations has not been
fully addressed. Moreover, lower IGF-I concentrations and
higher concentrations of both IGFBP-1 and IGFBP-2 were ob-
served in vegans than in meat eaters and vegetarians (28, 29).
However, so far, studies merely examined the association of total
fruit, total vegetables, legumes, tomatoes, and their related anti-
oxidant intakes with IGF-I and IGFBP-3 concentrations and
found inconsistent results (30–35). To our knowledge, few stud-
ies (30, 32, 34, 35) have classified fruit and vegetable intakes by
using botanical or phytochemical subgroups, and none have
evaluated the association between each such subgroup and con-
centrations of growth factors.

The aim of the present analysis was to examine, among 1542
healthy women in Quebec City, whether circulating concentra-
tions of IGF-I and IGFBP-3 were associated with intakes of total
fruit and vegetables, intakes of specific subgroups of fruit and
vegetables based on their botanical and phytochemical classifi-
cations, or with intakes of related antioxidants, namely vitamin
C, lycopene, and �-carotene.

SUBJECTS AND METHODS

Study population

Details of the study design and methods were published else-
where (36). Briefly, the study participants were women who had
screening mammograms at 2 private radiological clinics in Que-
bec City between February 2001 and March 2002. Women were
considered premenopausal if they had �1 natural menstrual cy-
cle within the past 12 mo or were younger than 48 y (if a non-
smoker) or 46 y (if a smoker) after hysterectomy without bilateral
oophorectomy or use of hormonal derivatives. The women were
considered postmenopausal if they reported complete cessation
of menstruations for �12 mo, radiation-induced menopause or
bilateral oophorectomy, or were aged �56 y (if a nonsmoker) or
54 y (if a smoker) after hysterectomy without bilateral oopho-
rectomy, or use of hormonal derivatives (37). Eligible women
had not used hormonal derivatives within 3 mo of the mammog-
raphy, were never diagnosed with cancer, had never taken ta-
moxifen or raloxifene, were not pregnant, and had none of the
following conditions: thyroid, adrenal, or hepatic disease or di-
abetes. Finally, women with a cognitive deficiency from any
cause that did not allow informed consent were excluded. There
was no restriction with respect to the age of the women. The
present study was reviewed and approved by the Research Ethics
Committee of the Centre hospitalier affilié universitaire de Qué-
bec (Quebec, Canada). All study participants provided written
informed consent.

A total of 1574 women were recruited. Of these, 11 women did
not provide the food-frequency questionnaire, 3 were excluded
because they reported an extremely low (�600 kcal) or high
(�5000 kcal) daily caloric intake, and 18 women provided no
information on their physical activity, hormone use, or alcohol
intake. Hence, the total number of subjects included in the
present analysis was 1542 women.

Data collection

At the radiology clinic, the anthropometric measures, such as
weight, height, and waist and hip circumferences, and blood
specimens (20 mL) of the participants were collected by a trained
research nurse. A telephone interview was carried out with each
woman to document known or suspected breast cancer risk fac-
tors, including reproductive and menstrual history, family his-
tory of breast cancer, personal history of breast biopsies, past use
of contraceptives and hormone replacement therapy, smoking
status, education, and physical activity. The level of physical
activity, expressed as metabolic equivalent (MET)–hour per
week (38), was assessed by using the Nurses’ Health Study II
Activity and Inactivity Questionnaire (39).

Diet was assessed with a validated self-administrated 161-
item semiquantitative food-frequency questionnaire (FFQ;
97GP copyrighted at Harvard University, Boston, MA) (40),
which included 28 vegetable and 16 fruit items. For each food
item, a standard portion size was specified and the participants
were asked how often, on average (ranging from “never” to “6 or
more” times/d), they had consumed this item during the year
preceding blood collection. The participants also provided,
through the FFQ, the duration, brand, type, and weekly dose of
multivitamins and the daily dose of vitamin C and �-carotene
supplements. Some brands of multivitamins available in Canada
had no specific code in the Harvard database and were assigned
a generic code. Food and supplement intakes were translated in
dietary, supplemental, and total nutrient intakes at the Channing
Laboratory of Harvard University (Boston, MA) by using the
nutrient content of foods derived from the US Department of
Agriculture source supplemented with data from the manufac-
turers. Total intake of a specific nutrient includes intakes from
foods, multivitamins, and individual supplements.

Blood samples collected at study entry were kept on ice until
centrifugation at 1500 � g for 20 min at 4 °C. Blood constituents
were divided into aliquots and stored at �80 °C until analysis.
The time between blood donation and plasma storage was �3 h
for 99.4% of the participants. Aliquots of frozen plasma were
sent on dry ice in batches of 39 samples for laboratory analyses
without any information on the women. Four blinded split sam-
ples were randomly included in each batch to assess the variabil-
ity in intraassay and interassay laboratory measurements. An
enzyme-linked immunosorbent assay with reagent from Diag-
nostic Systems Laboratory (Webster, TX) was used to measure
IGF-I and IGFBP-3. For the present study, the intrabatch CVs
were 10.5% and 13.2% and the interbatch CVs were 7.9% and
10.5% for IGF-I and IGFBP-3, respectively.

Statistical analysis

For each study participant, the mean daily number of servings
of individual fruit and vegetables were summed to estimate total
daily fruit and vegetable intakes. Using the criteria established by
Smith et al (41) and the report on Food, Nutrition and the Pre-
vention of Cancer published by World Cancer Research Fund
(42), we classified fruit and vegetables into specific subgroups
based on botanical and phytochemical classifications (detailed
classifications are presented in Table 1). Similar to the estima-
tion of total daily fruit and vegetable intakes, a daily intake of any
subgroup of fruit and vegetables was computed by adding the
daily intake of each fruit and vegetable that were included in the
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specific subgroup. Nutrient intakes from food or supplements
were studied separately and in combination.

All fruit, vegetable, and nutrient intakes were categorized in
quintiles. Adjusted least-squares mean concentrations of growth
factors for each quintile of intake were estimated by using gen-
eralized linear models. Statistical differences between any of the
adjusted means were evaluated with P for heterogeneity,
whereas the linear trend across quintiles was tested by using a
linear contrast with the median of daily intakes within each of the
quintiles as the value. Linear regression models (� � SE) were
used to assess the association between continuous levels of food
or nutrient daily intakes and continuous concentrations of growth
factors.

Covariates considered a priori as factors known or suspected
to be associated with IGF concentrations, the diet, or both were
included in 2 multivariate models. In model 1, the associations of
food and nutrient intakes with concentrations of growth factors
were adjusted for menopausal status (pre- or postmenopausal);
age at mammography (y); body mass index (kg/m2); physical
activity (MET-h/wk); energy intake (kcal/d); duration of past use

of hormone replacement therapy and oral contraceptive (y); lac-
tation (mo); number of full-term pregnancies; age at first full-
term birth (y); age at menarche (y); number of breast biopsy
samples; family history of breast cancer (yes or no); education
(primary or less, secondary, or college or university diplo-
ma),which was treated as a continuous variable; alcohol intake
(drinks/wk); smoking status (never, former, or current smoker);
and either IGF-I or IGFBP-3 (ng/mL) when applicable. Model 2
was further adjusted for other dietary factors, including intakes
of animal protein (mg/d), animal fat (mg/d), and red meat (serv-
ings/d). However, results of this analysis remain similar when
minimum adjustment is made (for example, including only age at
mammography, body mass index, physical activity, energy in-
take, alcohol intake, and IGF-I or IGFBP-3, when applicable, in
model 1). Statistical significance was based on two-sided P �
0.05. All statistical analyses were carried out with the use of SAS
version 9.1 (SAS Institute Inc, Cary, NC).

RESULTS

The present study included 1542 women, of which 771 were
premenopausal and 771 were postmenopausal. The characteris-
tics of the study population are described in Table 2. Briefly, the
mean (�SD) age of the participants was 54.1 � 9.4 y. The mean
total intakes of fruit and vegetables were 2.7 � 1.6 and 4.3 � 2.3
servings/d, respectively. The average concentrations of IGF-I
and IGFBP-3 were 208.5 � 67.4 and 4888.1 � 989.0 ng/mL,
respectively.

The associations of total and botanical subgroups of fruit and
vegetable intakes with IGF-I and IGFBP-3 concentrations are
shown in Table 3. A positive association between cruciferous
vegetable intakes and IGF-I concentrations was observed before
adjustment for other dietary factors [model 1: P for trend � 0.05;
� � SE (P) � 7.7 � 3.2 (0.02)], but not after full adjustment for
all covariates [model 2: P for trend � 0.19; � � SE (P) � 5.5 �
3.3 (0.09)]. Higher intake of citrus fruit was significantly asso-
ciated with higher IGF-I concentrations [215 ng/mL for quintile
5 compared with 205 ng/mL for quintile 1; P for trend � 0.04;
� � SE (P) � 3.6 � 1.6 (0.03)] and with lower IGFBP-3 con-
centrations [4803 ng/mL for quintile 5 compared with 4960
ng/mL for quintile 1; P for trend � 0.04; � � SE (P) � �57.5 �
25.4 (0.02)] even after adjustment for all covariates (model 2).
Concentrations of growth factors were not significantly associ-
ated with other measures of fruit and vegetable intakes (total
fruit, total vegetables, total fruit and vegetables, or with intakes
of other botanical subgroups of fruit and vegetables).

Among the 3 antioxidants examined, a significant dose-
response association was observed between dietary vitamin C
intake and concentrations of IGF-I and IGFBP-3 (Table 4). After
adjustment for all covariates (model 2), increases of 100 mg/d of
dietary vitamin C intake were associated with a 5.2 � 1.9 ng/mL
increase in IGF-I concentrations (P � 0.009) and a 77.2 � 30.9
ng/mL decrease in IGFBP-3 concentrations (P � 0.01). In con-
trast, total or supplement vitamin C intakes were not significantly
related to concentrations of IGF-I or IGFBP-3. No significant
associations between intakes of �-carotene or lycopene from
food, supplements, or both and IGF-I or IGFBP-3 concentrations
were observed.

When fruit and vegetables are categorized into subgroups
based on the phytochemical classification, a higher intake of fruit
and vegetables rich in vitamin C was significantly associated

TABLE 1
Botanical and phytochemical classifications of collected fruit and
vegetable items

Food

Botanical classification
Cruciferous vegetables Broccoli, cabbage, cauliflower,

kale, and Brussels sprouts
Yellow vegetables Carrots, yellow squash, and

yams
Green leafy vegetables Spinach and lettuce
Legumes Beans, peas, soy and soy

products
Tomatoes Tomatoes and tomato products
Onion Onion
Citrus fruit Orange, orange juice,

grapefruit, and grapefruit
juice

Rose Apple, peach, plum,
strawberries, and pear

Phytochemical classification
Fruit and vegetables rich in vitamin C

(cutoff �50 mg/100 g food)
Broccoli, cabbage, cauliflower,

Brussels sprouts, green
peppers, orange, orange
juice, grapefruit, grapefruit
juice, peach, strawberries,
and other fruit juice

Fruit and vegetables rich in �-
carotene (cutoff �1900 �g/100 g
food)

Carrots, yellow squash, yams,
spinach, kale, lettuce, mixed
vegetables, peach, apricot,
plum, and avocado1

Fruit and vegetables rich in lycopene
(cutoff �750 �g/100 g food)

Tomatoes and tomato products

Other classification
Other vegetables Corn, celery, eggplant,

avocado, peppers, and mixed
vegetables1

Other fruit Grape, blueberries, banana,
cantaloupe, and other fruit
juice

1 Mixed vegetables are peas, beans, carrots, and corn in equal quantities.
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with higher IGF-I concentrations [216 ng/mL for quintile 5 com-
pared with 207 ng/mL for quintile 1; P for trend � 0.01; � � SE
(P) � 2.9 � 1.2 (0.02)] and with lower IGFBP-3 concentrations
[4801 ng/mL for quintile 5 compared with 4911 ng/mL for quin-
tile 1; P for trend � 0.05; � � SE (P) � �46.9 � 19.2 (0.02)]
after full adjustment for all covariates. No significant association
was observed between growth factor concentrations and intakes
of fruit and vegetables rich in �-carotene or lycopene (data not
shown).

Because menopausal status, alcohol intake, and smoking sta-
tus could affect diet intake, the antioxidant capacity of the diet, or
concentrations of growth factors, analyses were performed after
stratification for these factors. Associations of food and nutrient
intakes with concentrations of growth factors were comparable
between pre- and postmenopausal women, smokers and ex- or

nonsmokers, and moderate alcohol consumers (�3 servings/wk)
and high alcohol consumers (�3 drinks/wk). Thus, these factors
had little or no significant modifying effect in our study (data not
shown).

DISCUSSION

The present cross-sectional study suggests that higher intakes
of citrus fruit and dietary vitamin C are associated with higher
IGF-I and lower IGFBP-3 concentrations. These findings sup-
port the notion that a diet rich in vitamin C (ascorbic acid),
especially from citrus fruit, may affect circulating IGF-I and
IGFBP-3 concentrations.

In the present study, intakes of total vegetables and total fruit
did not relate significantly to IGF-I and IGFBP-3 concentrations.
These findings are consistent with previous studies on these
associations (30–33). With regard to botanical subgroups and
their related antioxidants, one study found a negative association
between intake of cooked tomatoes and IGF-I concentrations
(34) and another found a positive association between lycopene
intake and IGFBP-3 concentrations (31). However, some inves-
tigators have observed no association of legume (32, 35), tomato
(30, 35), or total �-carotene (31) intakes with IGF-I and IGFBP-3
concentrations and no association of lycopene intake with IGF-I
(31, 35) or IGFBP-3 concentrations (35) and no association of
lycopene intake with either IGF-I (31, 35) or IGFBP-3 (35)
concentrations, which is consistent with our observations.

In our study, we observed a positive dose-response association
of dietary vitamin C intake with IGF-I concentrations, and an
inverse dose-response association of dietary vitamin C intake
with concentrations of IGFBP-3. These results are only partly
consistent with those observed in the study conducted by Holmes
et al (31). These investigators found a positive association of
dietary vitamin C intake not only with IGF-I but also with
IGFBP-3 concentrations; the latter reached statistical signifi-
cance. However, no significant association was observed be-
tween total or supplemental intakes of vitamin C and IGF con-
centrations in the present study as well as in others (31, 32).

To our knowledge, the present study is the first to report that
higher citrus fruit intakes are associated with higher concentra-
tions of IGF-I and lower concentrations of IGFBP-3. In addition,
we observed a positive association, although not statistically
significant, between cruciferous vegetable intakes and IGF-I
concentrations. Because the phytochemical subgroup of fruit and
vegetables rich in vitamin C is mainly composed of citrus fruit
and cruciferous vegetables, these findings further support the
idea that intake of vitamin C from food may affect IGF concen-
trations. The biological mechanisms through which vitamin C
from food may increase IGF-I and reduce IGFBP-3 concentra-
tions are not known. Nevertheless, in animal models, Palka et al
(43) found that serum IGF-I concentrations of guinea pig under
ascorbate-free (vitamin C–free) diet for 24–28 d (acutely scor-
butic) was decreased to 25% of normal concentrations. The ex-
tent of growth factor concentration changes in the serum of vi-
tamin C–deficient guinea pigs was correlated with the extent of
weight loss. Hence, these authors suggested that dietary vitamin
C could play a role in regulation of growth through the IGF
system.

Our observation of an association between vitamin C–rich
fruit and vegetables and IGF concentrations may explain, at least
in part, 2 independent sets of epidemiologic studies of IHD and

TABLE 2
Characteristics of the study population1

Variables
All women
(n � 1542)

%

Menopausal status (premenopausal) 50.0
Hormonal contraceptive use ever

(yes)
72.8

Hormone replacement therapy use
ever (yes)

22.5

Lactation history (yes)2 45.7
History of breast biopsy (yes) 15.3
Family history of breast cancer

(yes)3
33.4

Education (highest degree
completed)

Primary or less 16.3
Secondary 32.6
College 19.6
University 31.5

Smoking status
Never 52.1
Former 33.8
Current 14.1

Alcohol intake (drinks/wk)
0 12.3
�0 to �1 36.1
�1 to �6 36.9
�6 14.7

IGF-I (ng/mL) 208.5 � 67.44

IGFBP-3 (ng/mL) 4888.1 � 989.0
Age at mammography (y) 54.1 � 9.4
BMI (kg/m2) 26.1 � 4.7
Physical activity (MET-hour/wk) 26.3 � 22.8
Full-term pregnancies (no.) 1.9 � 1.6
Age at first full-term birth (y)2 25.7 � 4.2
Age at menarche (y) 12.7 � 1.6
Food and nutrient intakes

Fruit and vegetables (servings/d) 6.9 � 3.2
Vegetables (servings/d) 4.3 � 2.3
Fruit (servings/d) 2.7 � 1.6

1 IGF-I, insulin-like growth factor I; IGFBP-3, IGF-binding protein 3;
MET, metabolic equivalents.

2 In parous women (n � 1161).
3 Mother, sister, and daughter.
4 x� � SD (all such values).
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TABLE 3
Associations of plasma insulin-like growth factor I (IGF-I) and IGF-binding protein 3 (IGFBP-3) concentrations with quintiles (Q) of fruit and vegetable
intakes1

Dietary variables Median

Crude model Model 12 Model 23

IGF-I IGFBP-3 IGF-I IGFBP-3 IGF-I IGFBP-3

ng/mL ng/mL ng/mL
Cruciferous vegetables

(servings/d)
Q1 (n � 345) 0.12 206 � 44 4778 � 53 211 � 3 4810 � 43 212 � 3 4810 � 43
Q2 (n � 311) 0.28 207 � 4 4864 � 56 206 � 3 4898 � 44 206 � 3 4899 � 44
Q3 (n � 261) 0.34 205 � 4 4952 � 61 201 � 3 4998 � 48 201 � 3 4999 � 48
Q4 (n � 310) 0.56 213 � 4 4964 � 56 209 � 3 4923 � 44 208 � 3 4923 � 44
Q5 (n � 315) 1.02 212 � 4 4871 � 56 215 � 3 4804 � 44 213 � 3 4802 � 45
P for trend5 0.15 0.40 0.05 0.31 0.19 0.30
P for heterogeneity6 0.49 0.11 0.02 0.01 0.03 0.01
� � SE (P)7 6.7 � 4.1 (0.10) 59.3 � 60.7 (0.33) 7.7 � 3.2 (0.02) �68.9 � 49.9 (0.17) 5.5 � 3.3 (0.09) �75.5 � 51.4 (0.14)

Green leafy vegetables
(servings/d)

Q1 (n � 297) 0.14 205 � 4 4867 � 57 207 � 3 4903 � 46 209 � 3 4904 � 47
Q2 (n � 326) 0.32 213 � 4 4944 � 55 210 � 3 4911 � 43 210 � 3 4912 � 43
Q3 (n � 333) 0.57 206 � 4 4891 � 54 204 � 3 4921 � 43 204 � 3 4922 � 43
Q4 (n � 280) 0.90 213 � 4 4836 � 59 213 � 3 4800 � 47 213 � 3 4801 � 47
Q5 (n � 306) 1.31 206 � 4 4859 � 57 208 � 3 4858 � 45 207 � 3 4855 � 46
P for trend5 0.93 0.45 0.62 0.17 0.99 0.16
P for heterogeneity6 0.37 0.71 0.26 0.31 0.28 0.31
� � SE (P)7 �0.1 � 3.0 (0.97) �19.9 � 43.5 (0.65) 0.2 � 2.3 (0.9) �32.4 � 35.9 (0.37) �0.8 � 2.3 (0.74) �34.9 � 36.3 (0.34)

Yellow vegetables
(servings/d)

Q1 (n � 315) 0.16 208 � 4 4815 � 56 207 � 3 4849 � 45 208 � 3 4850 � 46
Q2 (n � 288) 0.44 206 � 4 4851 � 58 206 � 3 4887 � 46 206 � 3 4888 � 46
Q3 (n � 375) 0.73 216 � 4 4900 � 51 213 � 3 4848 � 40 213 � 3 4850 � 40
Q4 (n � 274) 1.04 211 � 4 4954 � 60 210 � 3 4922 � 47 210 � 3 4921 � 47
Q5 (n � 290) 1.80 199 � 4 4889 � 58 205 � 3 4913 � 48 205 � 3 4910 � 48
P for trend5 0.09 0.29 0.77 0.33 0.66 0.37
P for heterogeneity6 0.02 0.51 0.30 0.69 0.37 0.72
� � SE (P)7 �4.9 � 2.6 (0.06) 37.9 � 38.3 (0.32) �0.86 � 2.1 (0.69) 31.1 � 33.0 (0.35) �1.1 � 2.1 (0.59) 28.6 � 33.2 (0.39)

Tomatoes (servings/d)
Q1 (n � 344) 0.18 201 � 4 4801 � 53 206 � 3 4864 � 43 206 � 3 4865 � 43
Q2 (n � 277) 0.32 208 � 4 4870 � 59 205 � 3 4916 � 47 205 � 3 4920 � 47
Q3 (n � 357) 0.59 211 � 3 4963 � 52 212 � 3 4899 � 42 212 � 3 4899 � 41
Q4 (n � 258) 0.73 214 � 4 4898 � 62 209 � 3 4872 � 49 209 � 3 4871 � 49
Q5 (n � 306) 1.14 210 � 4 4871 � 57 210 � 3 4857 � 46 209 � 3 4852 � 46
P for trend5 0.09 0.44 0.21 0.63 0.26 0.55
P for heterogeneity6 0.15 0.30 0.34 0.87 0.36 0.83
� � SE (P)7 5.9 � 4.0 (0.14) 30.2 � 58.7 (0.61) 3.1 � 3.2 (0.33) �26.8 � 49.1 (0.59) 2.8 � 3.2 (0.38) �32.4 � 49.5 (0.51)

Legumes (servings/d)
Q1 (n � 323) 0.06 207 � 4 4812 � 55 207 � 3 4856 � 45 208 � 3 4860 � 45
Q2 (n � 346) 0.16 212 � 4 4921 � 53 212 � 3 4869 � 42 212 � 3 4871 � 42
Q3 (n � 299) 0.24 205 � 4 4827 � 57 207 � 3 4857 � 45 207 � 3 4858 � 45
Q4 (n � 263) 0.32 209 � 4 4917 � 61 205 � 3 4953 � 48 204 � 3 4950 � 48
Q5 (n � 311) 0.71 210 � 4 4930 � 56 211 � 3 4883 � 45 210 � 3 4878 � 46
P for trend5 0.69 0.21 0.54 0.62 0.84 0.73
P for heterogeneity6 0.71 0.39 0.35 0.58 0.32 0.62
� � SE (P)7 2.2 � 5.1 (0.66) 44.9 � 75.4 (0.55) 5.0 � 3.9 (0.20) �22.6 � 61.3 (0.71) 3.8 � 4.0 (0.35) �38.3 � 62.9 (0.54)

Onion (servings/d)
Q1 (n � 315) 0.04 210 � 4 4844 � 56 210 � 3 4861 � 44 211 � 3 4862 � 44
Q2 (n � 367) 0.22 206 � 4 4856 � 52 206 � 3 4886 � 41 206 � 3 4886 � 41
Q3 (n � 182) 0.45 216 � 5 4847 � 73 216 � 4 4783 � 58 215 � 3 4785 � 58
Q4 (n � 344) 0.82 206 � 4 4928 � 53 204 � 3 4950 � 42 204 � 3 4951 � 42
Q5 (n � 334) 1.23 208 � 4 4913 � 54 210 � 3 4877 � 43 211 � 3 4874 � 44
P for trend5 0.57 0.21 0.80 0.42 0.75 0.46
P for heterogeneity6 0.45 0.73 0.08 0.21 0.07 0.22
� � SE (P)7 �0.5 � 3.3 (0.87) 57.9 � 48.6 (0.23) 0.6 � 2.6 (0.81) 15.6 � 40.0 (0.69) 0.5 � 2.6 (0.83) 12.3 � 40.1 (0.76)

Other vegetables
(servings/d)

Q1 (n � 312) 0.18 208 � 4 4802 � 56 211 � 3 4810 � 45 213 � 3 4811 � 46
Q2 (n � 287) 0.36 215 � 4 4867 � 58 212 � 3 4842 � 46 213 � 3 4842 � 46
Q3 (n � 341) 0.61 206 � 4 4939 � 54 204 � 3 4969 � 42 204 � 3 4972 � 42
Q4 (n � 293) 0.96 204 � 4 4869 � 58 206 � 3 4891 � 45 206 � 3 4889 � 45
Q5 (n � 309) 1.53 210 � 4 4921 � 56 210 � 3 4883 � 46 208 � 3 4880 � 47
P for trend5 0.58 0.24 0.44 0.33 0.19 0.37
P for heterogeneity6 0.36 0.44 0.18 0.11 0.12 0.10
� � SE (P)7 �1.3 � 2.9 (0.66) 30.9 � 42.5 (0.47) �0.4 � 2.4 (0.87) 3.4 � 36.6 (0.93) �1.7 � 2.4 (0.47) �0.29 � 37.3 (0.99)

(Continued)
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TABLE 3 (Continued)

Dietary variables Median

Crude model Model 12 Model 23

IGF-I IGFBP-3 IGF-I IGFBP-3 IGF-I IGFBP-3

ng/mL ng/mL ng/mL
Total vegetables

(servings/d)
Q1 (n � 308) 1.79 209 � 44 4821 � 56 209 � 3 4844 � 47 210 � 3 4846 � 47
Q2 (n � 312) 2.93 204 � 4 4809 � 56 205 � 3 4876 � 44 205 � 3 4881 � 45
Q3 (n � 303) 3.93 217 � 4 4969 � 56 213 � 3 4896 � 44 213 � 3 4897 � 44
Q4 (n � 310) 5.07 204 � 4 4899 � 56 204 � 3 4937 � 45 203 � 3 4936 � 45
Q5 (n � 309) 7.07 208 � 4 4907 � 56 212 � 3 4853 � 47 211 � 3 4846 � 48
P for trend5 0.90 0.19 0.62 0.77 0.98 0.89
P for heterogeneity6 0.11 0.24 0.09 0.59 0.09 0.57
� � SE (P)7 �0.04 � 0.8 (0.95) 11.0 � 11.1 (0.32) 0.5 � 0.6 (0.42) �2.9 � 10.0 (0.77) 0.2 � 0.7 (0.79) �4.7 � 10.3 (0.65)

Citrus fruit (servings/d)
Q1 (n � 307) 0.10 208 � 4 4946 � 56 205 � 3 4956 � 45 205 � 3 4960 � 45
Q2 (n � 326) 0.47 211 � 4 4875 � 55 208 � 3 4879 � 43 208 � 3 4882 � 43
Q3 (n � 302) 1.00 208 � 4 4837 � 57 209 � 3 4855 � 45 209 � 3 4856 � 45
Q4 (n � 302) 1.28 205 � 4 4862 � 57 205 � 3 4902 � 45 205 � 3 4904 � 45
Q5 (n � 305) 2.08 211 � 4 4886 � 57 215 � 3 4813 � 46 215 � 3 4803 � 46
P for trend5 0.90 0.53 0.05 0.06 0.04 0.04
P for heterogeneity6 0.83 0.73 0.13 0.24 0.09 0.18
� � SE (P)7 0.01 � 2.0 (0.99) �15.4 � 29.9 (0.61) 3.6 � 1.6 (0.03) �50.9 � 25.1 (0.04) 3.6 � 1.6 (0.03) �57.5 � 25.4 (0.02)

Rose (servings/d)
Q1 (n � 332) 0.16 207 � 4 4770 � 54 208 � 3 4828 � 45 210 � 3 4833 � 46
Q2 (n � 277) 0.42 214 � 4 4882 � 59 209 � 3 4873 � 47 209 � 3 4878 � 47
Q3 (n � 323) 0.69 212 � 4 4957 � 55 209 � 3 4930 � 43 208 � 3 4930 � 43
Q4 (n � 298) 1.12 207 � 4 4957 � 57 207 � 3 4940 � 45 206 � 3 4942 � 45
Q5 (n � 312) 1.85 204 � 4 4848 � 56 210 � 3 4837 � 46 209 � 3 4826 � 47
P for trend5 0.14 0.48 0.85 0.95 0.82 0.86
P for heterogeneity6 0.35 0.08 0.94 0.24 0.93 0.21
� � SE (P)7 �3.0 � 2.3 (0.18) 25.5 � 33.1 (0.44) �0.1 � 1.8 (0.97) 7.7 � 28.7 (0.79) �0.1 � 1.9 (0.74) �0.1 � 29.6 (0.99)

Other fruit (servings/d)
Q1 (n � 308) 0.16 210 � 4 4904 � 56 208 � 3 4911 � 46 208 � 3 4914 � 46
Q2 (n � 301) 0.34 216 � 4 4933 � 57 211 � 3 4896 � 45 211 � 3 4901 � 45
Q3 (n � 342) 0.61 203 � 4 4824 � 54 205 � 3 4873 � 42 205 � 3 4876 � 42
Q4 (n � 271) 1.00 210 � 4 4859 � 60 210 � 3 4848 � 47 210 � 3 4847 � 47
Q5 (n � 320) 1.47 205 � 4 4891 � 55 209 � 3 4876 � 46 209 � 3 4865 � 46
P for trend5 0.14 0.67 0.71 0.49 0.89 0.36
P for heterogeneity6 0.09 0.68 0.56 0.91 0.57 0.87
� � SE P7 �6.0 � 2.9 (0.04) �18.1 � 43.0 (0.67) �0.5 � 2.4 (0.82) �11.8 � 37.1 (0.75) �1.0 � 2.4 (0.67) �21.2 � 38.1 (0.58)

Total fruit (servings/d)
Q1 (n � 310) 0.95 209 � 4 4879 � 56 204 � 3 4925 � 47 205 � 3 4937 � 48
Q2 (n � 312) 1.75 213 � 4 4934 � 57 207 � 3 4934 � 45 208 � 3 4940 � 45
Q3 (n � 305) 2.38 212 � 4 4854 � 56 213 � 3 4830 � 44 212 � 3 4834 � 44
Q4 (n � 307) 3.20 200 � 4 4837 � 56 205 � 3 4881 � 45 205 � 3 4878 � 45
Q5 (n � 308) 4.65 207 � 4 4902 � 56 213 � 3 4836 � 48 213 � 3 4817 � 50
P for trend5 0.23 0.90 0.15 0.18 0.20 0.08
P for heterogeneity6 0.11 0.76 0.14 0.38 0.17 0.26
� � SE (P)7 �1.6 � 1.1 (0.15) �0.9 � 16.1 (0.95) 1.2 � 0.9 (0.22) �18.1 � 15.0 (0.23) 1.0 � 1.0 (0.30) �25.8 � 15.8 (0.10)

Total fruit and
vegetables
(servings/d)

Q1 (n � 309) 3.43 205 � 4 4742 � 56 206 � 3 4823 � 48 208 � 3 4830 � 49
Q2 (n � 310) 5.11 217 � 4 4989 � 56 210 � 3 4926 � 45 210 � 3 4930 � 45
Q3 (n � 307) 6.46 206 � 4 4832 � 56 209 � 3 4857 � 44 209 � 3 4860 � 44
Q4 (n � 309) 8.15 210 � 4 4957 � 56 208 � 3 4939 � 44 207 � 3 4937 � 45
Q5 (n � 307) 11.23 204 � 4 4884 � 56 210 � 3 4859 � 49 209 � 3 4848 � 51
P for trend5 0.35 0.22 0.67 0.74 0.95 0.95
P for heterogeneity6 0.15 0.02 0.88 0.30 0.94 0.29
� � SE (P)7 �0.4 � 0.5 (0.46) 5.3 � 7.8 (0.50) 0.6 � 0.5 (0.21) �6.5 � 7.7 (0.40) 0.4 � 0.5 (0.46) �9.7 � 8.1 (0.23)

1 Means (�SEs) of IGF-I or IGFBP-3 were estimated from generalized linear models.
2 Adjusted for menopausal status, age at mammography, BMI, physical activity, energy intake, duration of past use of hormone replacement therapy and

oral contraceptives, duration of lactation, number of full-term pregnancies, age at first full-term birth, age at menarche, number of breast biopsy samples, family
history of breast cancer, education, alcohol intake, smoking status, and either IGF-I or IGFBP-3 when applicable.

3 Adjusted for all variables included in model 1 plus intakes of animal protein, animal fat, and red meat.
4 x� � SE (all such values).
5 F test of the linear contrast with the median of daily intakes within each of the quintiles as the value.
6 F test evaluating the differences between any of the adjusted means.
7 Estimated from linear regression models. These values represent absolute mean (�SE) decrease or increase in IGF-I or IGFBP-3 concentrations for

increments of one serving per day of fruit, vegetables, or both.
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TABLE 4
Associations of plasma insulin-like growth factor I (IGF-I) and IGF-binding protein 3 (IGFBP-3) concentrations with quintiles (Q) of antioxidant intakes1

Dietary variables Median

Crude model Model 12 Model 23

IGF-I IGFBP-3 IGF-I IGFBP-3 IGF-I IGFBP-3

ng/mL ng/mL ng/mL
�-Carotene from food

(�g/d)
Q1 (n � 307) 1945.14 208 � 44 4798 � 56 207 � 3 4846 � 47 207 � 3 4847 � 47
Q2 (n � 308) 3602.15 214 � 4 4854 � 56 210 � 3 4852 � 45 211 � 3 4854 � 45
Q3 (n � 308) 5103.44 211 � 4 4944 � 56 209 � 3 4916 � 44 209 � 3 4919 � 44
Q4 (n � 312) 6808.77 209 � 4 4908 � 56 209 � 3 4898 � 44 209 � 3 4897 � 44
Q5 (n � 307) 10 607.39 201 � 4 4901 � 56 208 � 3 4893 � 47 207 � 3 4889 � 48
P for trend5 0.06 0.22 0.90 0.46 0.81 0.52
P for heterogeneity6 0.18 0.40 0.93 0.79 0.91 0.79
� � SE (P)7 �0.8 � 0.5 (0.1) 8.8 � 7.1 (0.22) 0.2 � 0.4 (0.55) 2.7 � 6.4 (0.67) 0.1 � 0.4 (0.80) 2.0 � 6.5 (0.76)

�-Carotene from
supplement (�g/d)

Q1 (n � 73) 85.50 211 � 8 4938 � 109 206 � 6 4917 � 86 205 � 6 4913 � 86
Q2 (n � 92) 150.00 204 � 7 4876 � 97 209 � 5 4872 � 78 210 � 5 4877 � 78
Q3 (n � 40) 300.00 206 � 11 4990 � 147 206 � 8 4908 � 116 205 � 8 4902 � 117
Q4 (n � 57) 1200.00 207 � 9 4679 � 123 207 � 7 4729 � 98 208 � 7 4731 � 99
Q5 (n � 58) 1500.00 203 � 9 4921 � 122 201 � 7 4960 � 97 201 � 7 4960 � 97
P for trend5 0.72 0.35 0.53 0.73 0.56 0.75
P for heterogeneity6 0.96 0.46 0.92 0.51 0.87 0.54
� � SE (P)7 �3.3 � 1.9 (0.07) �22.9 � 25.9 (0.38) �2.3 � 1.4 (0.09) 7.4 � 20.7 (0.72) �2.2 � 1.4 (0.13) 7.5 � 20.8 (0.69)

Total �-carotene (�g/d)
Q1 (n � 307) 2012.72 209 � 4 4795 � 56 208 � 3 4834 � 47 208 � 3 4836 � 47
Q2 (n � 307) 3710.39 214 � 4 4895 � 56 209 � 3 4884 � 45 209 � 3 4885 � 45
Q3 (n � 309) 5226.19 212 � 4 4929 � 56 211 � 3 4890 � 44 211 � 3 4892 � 44
Q4 (n � 311) 7031.62 206 � 4 4879 � 56 207 � 3 4897 � 44 207 � 3 4896 � 44
Q5 (n � 308) 10 773.53 201 � 4 4908 � 56 208 � 3 4900 � 47 207 � 3 4896 � 47
P for trend5 0.02 0.29 0.81 0.41 0.57 0.46
P for heterogeneity6 0.10 0.49 0.92 0.87 0.87 0.89
� � SE (P)7 �0.9 � 0.5 (0.04) 6.7 � 6.9 (0.33) 0.01 � 0.4 (0.97) 3.2 � 6.1 (0.60) �0.1 � 0.4 (0.78) 2.6 � 6.2 (0.68)

Lycopene (�g/d)
Q1 (n � 307) 2698.48 200 � 4 4828 � 56 207 � 3 4868 � 46 207 � 3 4870 � 46
Q2 (n � 307) 4500.80 203 � 4 4839 � 56 206 � 3 4876 � 45 207 � 3 4878 � 45
Q3 (n � 311) 5862.32 213 � 4 4924 � 56 210 � 3 4888 � 44 211 � 3 4890 � 44
Q4 (n � 307) 7942.49 214 � 4 4966 � 56 209 � 3 4925 � 45 209 � 3 4921 � 45
Q5 (n � 310) 13 267.75 213 � 4 4847 � 56 210 � 3 4850 � 45 210 � 3 4846 � 46
P for trend5 0.01 0.74 0.40 0.81 0.50 0.73
P for heterogeneity6 0.02 0.33 0.83 0.81 0.86 0.82
� � SE (P)7 0.7 � 0.3 (0.04) 1.7 � 5.1 (0.74) 0.1 � 0.3 (0.65) �0.4 � 4.3 (0.92) 0.1 � 0.3 (0.70) �0.9 � 4.3 (0.83)

Vitamin C from food
(mg/d)

Q1 (n � 308) 76.02 209 � 4 4895 � 56 204 � 3 4943 � 48 204 � 3 4953 � 48
Q2 (n � 309) 121.88 203 � 4 4854 � 56 204 � 3 4911 � 44 205 � 3 4915 � 45
Q3 (n � 309) 158.74 210 � 4 4910 � 56 209 � 3 4901 � 44 208 � 3 4903 � 44
Q4 (n � 308) 197.90 211 � 4 4842 � 56 212 � 3 4823 � 45 212 � 3 4821 � 45
Q5 (n � 308) 270.33 210 � 4 4904 � 56 214 � 3 4827 � 48 214 � 3 4813 � 49
P for trend5 0.47 0.92 0.01 0.06 0.02 0.03
P for heterogeneity6 0.59 0.88 0.11 0.36 0.17 0.23
� � SE (P)7 1.4 � 2.1 (0.51) 0.8 � 31.4 (0.98) 5.4 � 1.9 (0.005) �64.1 � 29.9 (0.03) 5.2 � 1.9 (0.009) �77.2 � 30.9 (0.01)

Vitamin C from
supplement (mg/d)8

Q1 (n � 95) 8.40 219 � 7 5011 � 102 213 � 5 4938 � 79 213 � 5 4937 � 79
Q2 (n � 109) 60.00 209 � 7 4924 � 95 207 � 5 4941 � 73 207 � 5 4942 � 74
Q3 (n � 180) 234.20 211 � 5 4855 � 74 214 � 4 4857 � 57 214 � 4 4859 � 57
Q4 (n � 34) 500.01 199 � 12 4844 � 170 201 � 9 4992 � 134 200 � 9 4987 � 134
Q5 (n � 95) 1000.00 207 � 7 5022 � 102 207 � 5 5020 � 79 207 � 5 5019 � 79
P for trend5 0.29 0.72 0.42 0.29 0.35 0.29
P for heterogeneity6 0.64 0.60 0.51 0.53 0.48 0.56
� � SE (P)7 �0.6 � 0.9 (0.49) 9.5 � 12.9 (0.46) �0.6 � 0.7 (0.36) 14.2 � 9.9 (0.16) �0.7 � 0.7 (0.31) 14.0 � 10.0 (0.16)

Total vitamin C (mg/d)
Q1 (n � 306) 83.76 210 � 4 4910 � 57 205 � 3 4937 � 47 205 � 3 4944 � 48
Q2 (n � 311) 139.18 204 � 4 4842 � 56 206 � 3 4888 � 44 206 � 3 4889 � 44
Q3 (n � 310) 187.38 212 � 4 4850 � 56 212 � 3 4833 � 44 211 � 3 4835 � 44
Q4 (n � 306) 253.74 210 � 4 4891 � 57 212 � 3 4854 � 45 212 � 3 4850 � 45
Q5 (n � 309) 664.89 207 � 4 4914 � 56 208 � 3 4893 � 45 208 � 3 4888 � 45
P for trend5 0.79 0.56 0.64 0.92 0.72 0.79
P for heterogeneity6 0.63 0.84 0.37 0.57 0.49 0.52
� � SE (P)7 0.05 � 0.7 (0.93) 12.7 � 9.6 (0.19) 0.08 � 0.5 (0.87) 6.4 � 7.7 (0.41) 0.02 � 0.5 (0.96) 5.5 � 7.8 (0.48)

1 Means (�SEs) of IGF-I or IGFBP-3 were estimated from generalized linear models.
2 Adjusted for menopausal status, age at mammography, BMI, physical activity, energy intake, duration of past use of hormone replacement therapy and

oral contraceptives, duration of lactation, number of full-term pregnancies, age at first full-term birth, age at menarche, number of breast biopsy samples, family
history of breast cancer, education, alcohol intake, smoking status, and either IGF-I or IGFBP-3 when applicable.

3 Adjusted for all variables included in model 1 plus intakes of animal protein, animal fat, and red meat.
4 x� � SE (all such values).
5 F test of the linear contrast with the median of daily intakes within each of the quintiles as the value.
6 F test evaluating the differences between any of the adjusted means.
7 Estimated from linear regression models. These values represent absolute mean (�SE) decrease or increase in IGF-I or IGFBP-3 concentrations for

increments of 1000 �g/d of �-carotene or lycopene intakes and for increments of 100 mg/d of vitamin C intakes.
8 In supplement users.
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stroke. On the one hand, there is some evidence that the risk of
IHD or stroke may be lower among those with a diet rich in fruit,
vegetables, and antioxidants, more specifically with higher in-
take of vitamin C–rich fruit and vegetables (1, 2, 6) and of dietary
vitamin C (3, 8, 44), although in other studies these associations
were not observed (9, 45). On the other hand, a reduced risk of
IHD or stroke has been suggested to be related to higher circu-
lating IGF-I concentrations, lower circulating IGFBP-3 concen-
trations, or both (13–15). Hence, our findings raise the possibility
that vitamin C–rich fruit and vegetables, such as citrus fruit and
dietary vitamin C intakes, may affect IHD and stroke, at least in
part, by modulating the biological activities of the IGF system.

The association between fruit and vegetable intakes and can-
cer risk has been extensively investigated in the past decades
[reviewed by McCullough and Giovannucci (10) and Key et al
(11)]. The protective effect of fruit and vegetable intakes against
some site-specific types of cancer seems largely attributed to
certain phytochemical or botanical subgroups, such as tomatoes
for prostate cancer and cruciferous vegetables for bladder cancer.
As for cardiovascular disease and stroke, IGF has been proposed
to play a role in the etiology of some cancers but the effect of
these growth factors on cancer risk appears to be opposite that on
IHD risk (26). Several epidemiologic studies reported that higher
concentrations of IGF-I, lower concentrations of IGFBP-3, or
both were related to higher risk of breast cancer in premeno-
pausal women (16–18) and of prostate (19, 20) and colorectal
(21) cancers. In the present study, higher intakes of citrus fruit,
vitamin C–rich fruit and vegetables, and dietary vitamin C re-
lated to higher IGF-I and lower IGFBP-3 concentrations, which
may paradoxically suggest an increase in the risk of IGF-related
malignant tumor development. These results have to be inter-
preted with caution. Vitamin C (ascorbic acid) may have effects
that counterbalance its possible impact on growth factor concen-
trations. It is well-known that the proliferative and antiapoptotic
activities of IGF-I is mainly mediated by its receptor (IGF-IR).
However, some in vitro studies showed that ascorbyl stearate (a
liphophilic derivative of ascorbic acid) inhibited the proliferation
of human glioblastoma multiforme (T98G) and pancreatic car-
cinoma cells possibly by down-regulating the expression of
IGF-IR (46, 47). From another point of view, vitamin C is known
to prevent human cancer cell line progression by neutralizing
reactive oxygen species before they damage DNA and initiate
tumor growth. However, in addition to its antioxidant role, vita-
min C has been proposed as a prooxidant that could react with
lipid hydroperoxide to induce a mutagenic lesion in human DNA
(48). As a result, the biological double-edged properties of vita-
min C (some linked to an increase and others linked to a reduction
in cancer risk) may explain the lack of consistent results between
studies that examined the association of intakes of vitamin C,
citrus fruit, and fruit and vegetables rich in vitamin C with certain
types of cancers.

Our study had several strengths, including a relatively large
sample size, a rigorous process of blood sample collection and
analysis, and detailed information on potential confounding fac-
tors. However, there are some limitations of the present study.
First, the FFQ used for the assessment of fruit, vegetable, and
antioxidant intakes was not specifically designed for this pur-
pose. Nevertheless, it covers intake of 28 items of vegetables and
16 items of fruit that include most of the fruit and vegetables
found in the Canadian market. In addition, the FFQ has been
shown to be valid and reliable (40). Second, a conversion process

of food to dietary nutrient intake was based on the US Depart-
ment of Agriculture nutrient file rather than that of Canada. Any
misclassification of nutrient intake, however, is likely to be non-
differential and, therefore, such misclassification will tend to
underestimate the observed associations rather than create spu-
rious ones. Third, intake of nutrients from multivitamins is es-
pecially susceptible to misclassification, because a generic code
was used for supplements available in Canada but not in the
United States. In addition, intake of vitamin C from supplements
accounts for a major proportion of the variance in total vitamin C
intake (90%). Thus, this random misclassification may explain
why no significant relation was observed between total or sup-
plemental vitamin C intakes and IGF concentrations. Fourth,
recall bias may influence dietary estimation. However, recall
bias is likely to be the same irrespective of IGF concentrations
because the women studied were not aware of the specific study
objectives at the time of data collection. Hence, this misclassi-
fication would also tend to be random and is unlikely to explain
observed associations. Finally, the possibility that some of the
significant findings could be due to chance cannot be totally
excluded because an exploratory approach was used and multiple
testing was assessed.

In conclusion, we found that women with higher intakes of
citrus fruit and dietary vitamin C had higher circulating concen-
trations of IGF-I and lower concentrations of IGFBP-3. These
results raise the possibility that higher intake of this fruit subgroup
anditsvitaminCconstituentmaybeassociatedwithadecreasedrisk
of some cardiovascular diseases, at least in part, because of their
influence on concentrations of growth factors.
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