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■ Summary Background Alter-
ations in the insulin-like growth
factor-I (IGF-I) system have been
proposed as a metabolic link be-
tween nutritional factors and can-
cer risk. Aim of the study This
study explored dietary determi-
nants of circulating IGF-I and IGF-

Received: 21 August 2003
Accepted: 27 February 2004
Published online: 22 April 2004

G. Maskarinec, MD, PhD (�) · Y. Takata, MS
Cancer Research Center of Hawaii
1236 Lauhala Street
Honolulu, HI 96813, USA
Tel.: +1-808/586-3078
Fax: +1-808/586-2984
E-Mail: gertraud@crch.hawaii.edu

R. Kaaks, MSc, PhD
International Agency for Research 
on Cancer
Hormones and Cancer Group
69372 Lyon, France

binding protein-3 (IGFBP-3) levels
among premenopausal women
from different ethnic groups. Meth-
ods In a cross-sectional design, 258
women with a mean age of 43 ± 2.7
years donated blood approximately
5 days after ovulation and com-
pleted a validated Food Frequency
Questionnaire. The majority of the
97 Caucasian, 96 Asian, and 65
Mixed/Other subjects were born in
the US. Serum concentrations of
IGF-I and IGFBP-3 were measured
by double-antibody ELISA. After
creating quartiles for 13 food and
13 nutrient density variables, least-
square means of IGF-I, IGFBP-3,
and the IGF-I/IGFBP-3 ratio were
calculated by quartile, while adjust-
ing for age, ethnicity, body mass in-
dex, and year of laboratory analy-
sis. Results Whereas body mass
index and dietary intakes varied
significantly by ethnicity, IGF-I,

IGFBP-3, and their ratio were simi-
lar by group. As the only food, fish
showed a suggestive inverse associ-
ation with IGF-I and the IGF-
I/IGFBP-3 ratio. Dietary fiber and
vitamin A were positively related to
IGF-I (p = 0.004 and 0.03), zinc with
IGFB-3 (p = 0.0008), and iron with
the IGF-I/IGFBP-3 ratio (p = 0.048),
but the differences between the
bottom and top quartile were less
than 10 %. Total energy, protein,
carbohydrates, and total fat intake
were not related to any serum mea-
surements. Conclusions This study
detected no ethnic differences in
serum IGF-I, but it showed weak
associations with dietary variables
that require further investigation.
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Background

Insulin-like growth factor I (IGF-I) and its binding pro-
tein IGFBP-3 are increasingly implicated in the develop-
ment of cancer [1], particularly cancers of the prostate
[2], colorectum [3], and breast [4–8]. It is still relatively
unclear, however, what specific genetic or lifestyle fac-
tors may alter IGF-I or IGFBP-3 levels. A recent study
from Hawaii and Los Angeles [9] found lower IGF-I con-
centrations among Latino Americans, who experience
lower breast cancer incidence rates than African Amer-
icans, Japanese Americans, and Non-Latino Whites. Al-

though nutritional factors – particularly energy balance
and protein intake – appear to play a role in regulating
IGF-I levels [1, 10], only a few studies have examined the
relationship with the intake of specific nutrients or ma-
jor food groups. Some of these cross-sectional investi-
gations showed positive associations between total
caloric intake and IGF-I [11–13], but others did not
[14–16]. Likewise, animal protein intake was positively
associated with IGF-I, IGFBP-3 and the IGF-I/IGFBP-3
ratio only in some studies [11, 14, 17]; carbohydrate in-
take was independently and inversely associated with
IGF-I and negatively associated with IGFBP-3 in two
studies [12, 16]; and total fat intake was positively asso-
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ciated with IGF-I concentrations [12] and negatively as-
sociated with IGFBP-3 [13, 18]. Saturated fat intake was
positively associated with IGF-I in one study [12], nega-
tively in another [19], and negatively with IGFBP-3 in
the Nurses’ Health Study (NHS) [13].With regard to ma-
jor food groups, milk and fish consumption has been
found to be directly related to IGF-I [11, 13] and a study
comparing meat-eaters, vegetarians and vegans de-
scribed lower IGF-I concentrations among the vegans
[14]. In the present paper, we describe associations be-
tween serum IGF-I levels and dietary intakes in a popu-
lation of premenopausal women with different ethnic
backgrounds. Our main hypothesis was that consump-
tion of animal protein would be directly related to IGF-
I levels.

Subjects and methods

■ Study population

This analysis used baseline information for women who
participated in a nutritional intervention study [20] and
in an isoflavone clinical trial [21] in Hawaii. Subjects for
both studies were recruited at mammography clinics in
Honolulu. Eligible women had to be between 34 and 46
years of age, have a normal mammogram at baseline, be
free of serious medical conditions, have no previous his-
tory of cancer, have regular menstrual periods and an
intact uterus and ovaries, not be on oral contraceptives
or any hormone preparations at baseline and within the
past three months, and have no intention of becoming
pregnant within the next year. Due to the design of the
nutritional interventions, women who reported 6 or
more servings of soy food per week in their regular diet
were also excluded.

■ Data collection

The participants completed a validated Food Frequency
Questionnaire (FFQ) [22], which asked about diet dur-
ing the past year, along with demographic information,
reproductive, personal and family medical history. The
subjects marked all applicable ethnic categories for
themselves and their parents.We assigned summary cat-
egories according to the following rules: A woman was
classified as Caucasian if both parents had some Cau-
casian ancestry and shared no other ethnic background.
Subjects who reported not more than three ethnic back-
grounds were classified as Chinese, Japanese, or Fil-
ipino, if both parents were of the same ethnicity or if the
mother was of the respective ethnic background and the
parents shared no other ethnic background. Because of
the small sample sizes in some groups, the 61 Japanese,
21 Chinese, and 14 Filipino women were combined into

one Asian category. In agreement with rules applied in
the State of Hawaii [23], women with any Hawaiian
background were classified as Native Hawaiian. Because
of their mixed ancestries, the Native Hawaiian women
(N = 31) were combined into a category for other eth-
nicities and women with mixed ethnic backgrounds that
did not fit one of the above groups (N = 34).Women with
missing information in the FFQ were recontacted in or-
der to obtain complete dietary information. None of the
women in the analysis had any missing dietary values.

After scanning the FFQs, food and nutrient intakes
were estimated from the Cancer Research Center’s food
composition database, which contains information for
more than 2,200 foods items. For each food, the concen-
tration (per 100 grams) of up to 130 nutrients and other
dietary components is available. Data come primarily
from the US Department of Agriculture [24], but also
from various international and commercial publica-
tions. A recipe file is used to determine the ingredients
in food mixtures from the questionnaires and reflects
the practices of the multiethnic participants. In addi-
tion, the database estimates the daily intake in grams for
30 food groups based on the Food Guide Pyramid,a con-
sumer guide to healthy eating that was developed by the
US Department of Agriculture in 1992 [25]. Using the
recipe file, the individual ingredients of mixed dishes are
identified and assigned to the respective food groups.

■ Serum analysis

Participants donated blood samples at baseline after an
overnight fast, 5 days after ovulation or approximately
on day 19 of a 28-day cycle. The samples were put im-
mediately on ice, centrifuged, and serum was drawn off
and aliquoted and stored at –80 °C. The IGF-I and
IGFBP-3 assays were performed in the laboratory of the
Hormones and Cancer Group, at the International
Agency for Research on Cancer (Lyon, France). Serum
concentration of IGF-I and IGFBP-3 were measured by
double-antibody ELISA (Diagnostic Systems Laborato-
ries, Webster, Texas) as previously validated [26]. Al-
though half of the samples were analyzed in 2001 and
the other half in 2002, mean intra-batch coefficients of
variation (CV) for IGF-I and IGFBP-3 were 5.1 % and
8.6 %, respectively. Due to the different lot numbers of
the assay kits, the overall inter-batch CVs were 10.2 %
(5.1 % and 2.7 % by year) for IGF-I and 18.5 % (4.9 % and
8.3 % by year) for IGFBP-3. The details of the method
have been described previously [27].

■ Statistical analyses

After excluding three women whose serum measure-
ments were outliers, 258 women were available for
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analysis. Body mass index (BMI) was calculated based
on measured body weight and height at the time of en-
try into the study.As an index of physical activity,we cal-
culated the sum of scores for three physical activity vari-
ables (hours of strenuous, vigorous, and moderate
activity) in the FFQ. The molar ratio IGF-I/IGFBP-3 was
computed after converting the IGF-I and IGFBP-3 values
from ng to nmol using the respective factors of 0.13 and
0.035. To test for ethnic differences in age, reproductive
variables, BMI, serum measurements, and dietary char-
acteristics, we applied analysis of variance using the
GLM procedure in SAS [28] for numeric variables. For
non-normally distributed variables, such as BMI and
several dietary factors, the tests were performed on the
natural logarithm of the original variables. For categor-
ical variables, c2-tests were applied to determine signif-
icant differences among groups.

On the basis of published evidence, we focused on
foods and nutrients that are related to protein intake and
can distinguish between animal and plant-based food
sources. Therefore, we separated the major food sources
of protein into meat,red meat,poultry, fish, legumes,and
eggs. In addition, we analyzed the relation of serum
measurements with some minerals and vitamins that
were found to be associated with IGF-I or IGFBP-3 in the
past [11, 13, 15]. Because previous studies described as-
sociations between age, BMI, smoking status, history of
diabetes, physical activity, and reproductive behavior
with IGF-I [17, 29–32], we explored these possible rela-
tionships with simple linear regression models. For
comparability, all nutrient and food intakes were ex-
pressed per 1000 kcal. This nutrient density approach of
adjusting for total energy intake minimizes errors due to
under- and over-reporting of total energy intake and
helps to rank women into quartiles of dietary intake that
are independent of individual energy intake [33]. All
models were adjusted for the potential confounding ef-
fects of age, BMI, and ethnicity (3 categories). Because
the mean IGF-I and IGFBP-3 levels differed between the
first and second year, year of laboratory analysis was
also included as a covariate. After creating quartiles for
13 food and 13 nutrient density variables, we computed
median values for each dietary variable and quartile,
and estimated least-square means for the three outcome
variables, IGF-I, IGFBP-3, and the IGF-I/IGFBP-3 ratio.
Then we employed the PROC GLM procedure with the
option of LSMEANS in order to adjust for confounding
variables [28]. Finally, we performed trend tests to in-
vestigate a possible dose-response relation between the
different nutritional variables and the serum measure-
ments.We regressed the mean level of the outcome vari-
able onto the median of the quartiles for each dietary
variable.

Results

A total of 258 women, comprising 97 Caucasian, 61
Japanese, 21 Chinese, 14 Filipino, 31 Hawaiian, and 34
Other/Mixed ancestries, were included in the analysis.
Their ages ranged from 34 to 46 years with a mean of 43
years (Table 1). More than 85 % of women in each ethnic
group, except Filipino, were born in the United States.
Among Caucasian and Hawaiian women, 90 % and 87 %
of parents were both born in the United States, whereas
the respective numbers for Japanese, Chinese, and Fil-
ipino women were 79 %, 57 %, and 14 %. Two-thirds of
the women had never smoked. Asian women had a sig-
nificantly lower BMI than the two other groups. There
were no significant differences in IGF-I, IGFBP-3, and
the IGF-I/IGFBP-3 ratio by ethnicity although the re-
spective means and 95 % confidence limits (95 % CL) of
IGF-I were lower among Caucasians (275 ng/ml; 95 %
CL: 260–289 ng/ml) than among Asians (280 ng/ml; 95 %
CL: 268–292 ng/ml) and Others (286 ng/ml; 95 % CL:
269–303 ng/ml). Likewise, the IGF-I/IGFBP-3 ratio was
lower among Caucasians (0.29; 95 % CL: 0.28–0.31) than
among Asians (0.30; 95 % CL: 0.28–0.32) and Others
(0.31; 95 % CL: 0.29–0.33). In contrast, IGFBP-3 was
lower among Others (3547 ng/ml; 95 % CL:
3360–3734 ng/ml) than among Caucasians (3577 ng/ml;
95 % CL: 3421–3733 ng/ml) and Asians (3579 ng/ml;
95 % CL: 3453–3706 ng/ml). Neither IGF-I nor IGFBP-3
was significantly related to age, BMI, total energy intake,
physical activity, and reproductive factors.

We observed several significant differences in nutri-
ent and food intake variables among the three ethnic
categories. Women of Asian ancestry had a 23 % lower
dairy intake, a 52 % lower alcohol intake, a 14 % higher
fish intake, and a 40 % higher grain intake per 1,000 kcal
than Caucasian women. Meat intake was actually 18 %
higher (red meat even 32 % higher) among Asians than
Caucasians. In terms of nutrients, Asian women con-
sumed relatively more carbohydrates,vitamin C,but less
saturated fat, dietary fiber, calcium, iron, vitamin A and
B12 than the other two groups.

Women within the highest fish intake quartile had
5.5 % lower IGF-I levels (p = 0.07) and a 6.2 % lower IGF-
I/IGFBP-3 ratio (p = 0.07) than women in the lowest
quartile (Table 2). We observed no significant associa-
tions between meat, dairy products and any of the three
outcome variables. Milk by itself was also not associated
with IGF-I. Although the following associations did not
reach statistical significance, there were weak trends of
higher IGF-I levels with higher intake of grains and
fruits, as well as higher IGFBP-3 levels with high grain
intake.

We detected no statistically significant associations
between total energy, protein, carbohydrates, and total
fat intake and any of the outcomes (Table 3). However,
women in the top quartiles of dietary fiber, vitamin A,
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and iron had higher IGF-I levels than women in the bot-
tom quartiles with respective differences of 5.7 %
(p = 0.004), 4.9 % (p = 0.03), and 8.3 % (p = 0.10). For
IGFBP-3, women in the top quartiles of saturated fat and
zinc intake had 2.4 % (p = 0.09) and 4.7 % (p = 0.0008)
higher levels than women in the bottom quartiles. The
IGF-I/IGFBP-3 ratio was 4.1 % (p = 0.09) greater in the
highest as compared to the lowest quartile of vitamin A.
The respective values for calcium and iron were 2 %
(p = 0.06) and 6.8 % (p = 0.048).

Additional analyses for associations between dietary
and serum measurements without adjustment for eth-
nicity showed similar results except that the positive as-
sociation of IGF-I with vitamin A intake became in-
significant (p = 0.12), the positive association of

IGF-I/IGFBP-3 ratio with iron became nonsignificant
(p = 0.16), and the suggestive positive association of
IGF-I/IGFBP-3 ratio with vitamin A reached statistical
significance (p = 0.03).

Discussion

In this population of multiethnic women in Hawaii, we
detected no ethnic differences in IGF-I and IGFBP-3 lev-
els. Although we observed some differences in dietary
intakes among ethnic groups, these were relatively
small. The fact that the women with Asian ancestry con-
sumed only slightly less fat and more meat, in particular
red meat, than Caucasians indicates the Westernized eat-

Table 1 Characteristics of the study population

Category Characteristic Caucasians Asians Others All Std P-value*

Descriptive variables Number 97 96 65 258 – –
Age (years) 42.8 43.3 42.3 42.9 2.7 0.06
Born in the United States (%) 90.7 86.5 92.3 90.6 – 0.44
Never-smoker (%) 60.4 71.6 59.4 64.3 – 0.17
BMI (m/kg2) 26.1 24.3 25.9 25.4 5.5 0.05

Serum measurements IGF-I (ng/ml) 275 280 286 280 67 0.60
IGFBP-3 (ng/ml) 3577 3579 3547 3570 714 0.96
IGF-I/IGFBP-3 ratio 0.29 0.30 0.31 0.30 0.08 0.36

Food intake (g/1000 kcal) Meat 45.6 54.0 61.6 52.7 26.0 0.0005
Red meat 18.3 24.1 26.5 22.5 13.5 0.0004
Poultry 15.9 17.5 20.8 17.7 14.5 0.04
Eggs 8.0 7.4 8.9 8.0 9.2 0.83
Fish 9.9 11.3 12.4 11.0 8.9 0.04
Dairy products 183.0 140.7 171.9 164.5 107.7 0.006
Milk 104.1 82.9 100.0 95.2 91.9 0.13
Legumes 14.8 16.2 18.3 16.2 12.9 0.22
Grains 137.0 192.6 148.7 160.6 74.6 < 0.0001
Vegetables 116.6 108.1 118.9 114.0 56.1 0.50
Fruits 99.6 84.7 91.9 92.1 72.7 0.22
Fat and oils 7.4 8.1 7.6 7.7 3.2 0.11
Alcoholic beverages 45.0 21.6 24.7 31.2 59.5 0.0002

Macronutrients Energy intake (kcal) 1940 1768 1776 1835 739 0.11
Protein (g/1000 kcal) 37.8 37.4 40.6 38.3 6.6 0.005
Carbohydrates (g/1000 kcal) 129.9 133.7 125.8 130.3 19.9 0.05
Dietary fiber (g/1000 kcal) 11.1 9.4 10.3 10.3 3.6 0.002
Fat (g/1000 kcal) 36.8 34.9 37.7 36.3 6.6 0.02
Saturated fat (g/1000 kcal) 12.8 11.3 12.6 12.2 2.8 0.0007
% energy from protein 14.8 14.8 16.0 15.1 2.6 0.006
% energy from carbohydrates 50.7 52.7 49.4 51.1 7.6 0.02
% energy from fat 32.4 31.0 33.3 32.1 5.9 0.04

Micronutrients Vitamin A (IU/1000 kcal) 5787 4847 5725 5422 3293 0.19
Vitamin B12 (µg/1000 kcal) 2.5 2.1 2.6 2.4 1.1 0.004
Vitamin C (mg/1000 kcal) 76.3 79.1 74.9 77.0 44.3 0.92
Calcium (mg/1000 kcal) 514 410 476 466 151.3 < 0.0001
Zinc (mg/1000 kcal) 6.4 5.8 6.4 6.2 2.0 0.41
Iron (mg/1000 kcal) 8.1 7.0 7.7 7.6 2.9 0.01
Cholesterol (mg/1000 kcal) 108.3 108.8 121.0 111.7 44.1 0.25

* Analysis of variance was used for numeric variables and χ2-tests for categorical variables
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ing patterns of this population. Red meat consumption
may partially explain the very high risk of colorectal
cancer among Japanese-Americans [34]. Alcohol intake
was low in all groups and even the intake among Cau-
casian women was within the range of national recom-
mendations [35]. Of all foods, fish showed the strongest
relation with IGF-I and the IGF-I/IGFBP-3 ratio. In
terms of nutrients, dietary fiber, vitamin A, zinc, and
iron each were positively associated with one of the out-
comes, but the differences between bottom and top
quartile were less than 10 %.

Our finding of no difference in IGF-I levels across
ethnic groups is in agreement with results from the mul-
tiethnic cohort study in Hawaii and Los Angeles [9],
which showed that IGF-I levels were lower among Latino
Americans, the most recent immigrants, compared to
African Americans, Japanese Americans, and Non-
Latino Whites, who all had similar levels. Due to the rel-

atively small number of recent immigrants in our study,
a separate analysis for such a subgroup was not feasible.
Our study also did not include Latino women as a sepa-
rate subgroup because of the very small proportion of
Latinos in Hawaii. As shown by the information on par-
ents’ birthplace, the majority of Asian women in Hawaii
are second or third generation migrants, whereas Latino
Americans in California are primarily first generation
immigrants. The small number of foreign-born partici-
pants may explain the lack of ethnic differences in IGF-
I. A study from the United Kingdom [36] also described
lower IGF-I levels in Pakistani migrants than in Euro-
peans. These migrants may be less acculturated and may
still have similar disease risks as the population in their
country of origin.

Mean IGF-I levels in our study are higher than in
studies with older populations [11, 13]. In contrast to
other reports [11, 13], total energy intake was not asso-
ciated with serum measurements in our study, possibly
due to the fact that all study subjects were well nour-
ished. Hence, an effect of protein intake may not be no-

Table 2 Relation between serum measurements and food intakes*

Foods Quartile Median intake IGF-1 IGFBP-3 IGF-1/
(g/1000 kcal) (ng/ml) (ng/ml) IGFBP-3 ratio

Grains 1 90.9 276 3504 0.30
2 127.0 281 3544 0.30
3 165.0 277 3617 0.29
4 238.9 285 3615 0.30
P (trend) – 0.19 0.13 0.78

Meat 1 24.5 297 3509 0.32
2 44.3 273 3621 0.29
3 59.3 274 3560 0.30
4 81.4 275 3590 0.29
P (trend) – 0.26 0.48 0.39

Red meat 1 6.7 278 3546 0.30
2 16.4 274 3411 0.30
3 26.5 282 3640 0.30
4 37.9 284 3685 0.30
P (trend) – 0.22 0.30 0.82

Poultry 1 5.1 285 3628 0.30
2 11.0 282 3589 0.30
3 17.5 272 3514 0.30
4 33.0 280 3550 0.30
P (trend) – 0.67 0.35 0.20

Fish 1 3.0 284 3530 0.31
2 7.0 287 3626 0.30
3 10.8 279 3514 0.30
4 20.6 268 3610 0.29
P (trend) – 0.07 0.61 0.07

Eggs 1 2.5 286 3584 0.31
2 4.4 289 3756 0.30
3 7.2 261 3301 0.30
4 12.9 282 3641 0.30
P (trend) – 0.75 0.93 0.62

Dairy 1 64.5 277 3555 0.30
products 2 119.4 274 3619 0.29

3 171.5 286 3502 0.31
4 274.6 282 3606 0.30
P (trend) – 0.43 0.81 0.94

Table 2 continued

Foods Quartile Median intake IGF-1 IGFBP-3 IGF-1/
(g/1000 kcal) (ng/ml) (ng/ml) IGFBP-3 ratio

Milk 1 18.9 279 3584 0.30
2 48.3 279 3516 0.31
3 92.5 282 3629 0.30
4 185.5 278 3552 0.30
P (trend) – 0.83 0.96 0.52

Legumes 1 4.3 279 3497 0.30
2 10.0 277 3515 0.30
3 17.1 278 3649 0.29
4 29.3 285 3620 0.30
P (trend) – 0.22 0.21 0.72

Vegetables 1 60.4 275 3601 0.29
2 86.7 282 3523 0.31
3 115.3 272 3568 0.29
4 181.4 289 3589 0.31
P (trend) – 0.32 0.83 0.50

Fruits 1 20.3 272 3603 0.29
2 56.2 270 3494 0.29
3 96.2 288 3582 0.31
4 180.8 289 3603 0.30
P (trend) – 0.17 0.69 0.44

Fat and oils 1 4.6 282 3512 0.30
2 6.4 272 3565 0.29
3 8.0 275 3478 0.30
4 11.3 290 3727 0.30
P (trend) – 0.46 0.23 0.64

Alcoholic 1 0.02 291 3673 0.30
beverages 2 0.06 270 3509 0.30

3 15.8 283 3473 0.31
4 72.1 274 3629 0.29
P (trend) – 0.65 0.73 0.33

* Least-square means adjusted for age, ethnicity, BMI, and year of laboratory analy-
sis
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Nutrient Quartiles Median intake IGF-1 IGFBP-3 IGF-1/
(ng/ml) (ng/ml) IGFBP-3 ratio

Total energy (kcal/day) 1 1109 280 3554 0.30
2 1463 275 3468 0.30
3 1907 283 3670 0.30
4 2646 280 3590 0.30
P (trend) – 0.72 0.56 0.51

Protein (g/1000 kcal) 1 31.3 284 3493 0.31
2 36.2 282 3640 0.30
3 39.9 268 3563 0.29
4 45.2 284 3585 0.31
P (trend) – 0.79 0.55 0.77

Carbohydrates (g/1000 kcal) 1 109.2 279 3645 0.30
2 123.3 278 3557 0.30
3 135.5 272 3473 0.30
4 153.0 289 3608 0.30
P (trend) – 0.52 0.72 0.11

Dietary fiber (g/1000 kcal) 1 6.6 273 3566 0.30
2 8.6 276 3627 0.29
3 10.7 282 3505 0.31
4 14.3 288 3583 0.31
P (trend) – 0.004 0.89 0.28

Total fat (g/1000 kcal) 1 28.8 289 3596 0.30
2 34.1 259 3430 0.29
3 38.8 291 3612 0.31
4 43.5 279 3645 0.30
P (trend) – 0.99 0.58 0.97

Saturated fat (g/1000 kcal) 1 9.0 287 3539 0.31
2 11.3 273 3534 0.30
3 13.1 282 3593 0.30
4 15.4 278 3615 0.30
P (trend) – 0.57 0.09 0.24

Cholesterol (mg/1000 kcal) 1 72.6 290 3591 0.31
2 97.3 275 3564 0.29
3 117.1 268 3493 0.29
4 145.7 285 3635 0.30
P (trend) – 0.75 0.81 0.70

Vitamin A (IU/1000 kcal) 1 2858 276 3628 0.29
2 3972 275 3511 0.30
3 5174 279 3523 0.30
4 8334 289 3621 0.30
P (trend) – 0.03 0.78 0.09

Vitamin B12 (µg/1000 kcal) 1 1.5 275 3485 0.30
2 1.9 275 3539 0.30
3 2.3 289 3667 0.30
4 3.3 280 3589 0.30
P (trend) – 0.56 0.43 0.91

Vitamin C (mg/1000 kcal) 1 32.9 272 3666 0.29
2 58.0 289 3613 0.31
3 77.2 269 3463 0.30
4 126.1 289 3539 0.31
P (trend) – 0.53 0.37 0.21

Calcium (mg/1000 kcal) 1 315.1 273 3511 0.30
2 407.9 273 3563 0.30
3 482.9 289 3661 0.30
4 638.5 283 3545 0.30
P (trend) – 0.35 0.75 0.06

Zinc (mg/1000 kcal) 1 4.7 279 3499 0.30
2 5.5 272 3545 0.29
3 6.1 283 3576 0.30
4 7.6 284 3662 0.30
P (trend) – 0.39 0.0008 0.88

Iron (mg/1000 kcal) 1 5.6 268 3469 0.29
2 6.5 282 3626 0.30
3 7.4 278 3611 0.30
4 9.7 291 3573 0.31
P (trend) – 0.10 0.62 0.048

* Least-square means adjusted for age, ethnicity, BMI, and year of laboratory analysis

Table 3 Relation between serum measurements
and nutrient intakes*
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ticeable. In malnourished populations, associations of
protein and energy intake with IGF-I have been ob-
served and are considered evidence for the nutritional
influence on IGF-I levels [10]. Although we did not de-
tect a relation of overall protein intake with the outcome
variables,a suggestive inverse relation of fish intake with
IGF-I and the IGF-I/IGFBP-3 ratio was observed. This
finding is in disagreement with those from the Health
Professionals Follow-Up Study, which indicated a posi-
tive association [11]. Lower levels of IGF-I and the IGF-
I/IGFBP-3 ratio among women with higher fish con-
sumption contrast with the hypothesis that animal
protein increases IGF-I, but are consistent with a protec-
tive effect of fish against colorectal, breast, and ovarian
cancer as indicated by some studies [37].

In accordance with a past study [13],vitamin A intake
was positively associated with IGF-I. It is difficult to in-
terpret this finding since high vitamin A intake has been
linked to a lower risk for several cancers [37]. Our find-
ings about minerals agree with a previous report of a
positive association between mineral intake and IGF-I
levels [11]. However, the positive associations between
iron and IGF-I and the IGF-I/IGFBP-3 ratio have not
been described before. Furthermore, iron intake may be
an indicator for animal food consumption and may have
served as a surrogate for animal protein intake, in par-
ticular, as an indicator for red meat intake. This may
point toward an underlying effect of red meat intake on
IGF-I. Associations of red meat [37] and of IGF-I [38]
with colorectal cancer are well supported by published
evidence. A study among meat-eaters, vegetarians, and
vegans suggested lower IGF-I levels in vegans than in the
other two groups [14]. Our finding of a positive associ-
ation of IGFBP-3 with zinc intake disagrees with the two
reports describing positive relations of zinc with IGF-I
[13, 15]. The weak association of calcium with the IGF-
I/IGFBP-3 ratio is compatible with the positive associa-
tion of IGF-I with calcium intake in the NHS [13] and the
association of the IGF-I/IGFBP-3 ratio with calcium in-
take [39].

Strengths of this study were the careful collection of
blood samples timed to the menstrual cycle and the ex-
clusion of women taking hormones. Oral contraceptives
and menopausal status are known to influence IGF-I
levels [29]. Moreover, we included women of different
ethnic groups, thereby adding more variation in dietary
intake. Interestingly, dietary habits (Table 1) of people in
Hawaii tend to be a combination of foods and customs

from different cultures, an observation also noted in a
large multiethnic cohort [40]. It can be argued that ad-
justment for ethnicity when examining associations be-
tween dietary habits and serum measurements elimi-
nates the effect of diet. However, in our population it is
unlikely that ethnicity alone explains the underlying
variation in dietary habits given the relatively small size
of differences between categories.

A limitation of our study may have been the some-
what selected population since the nutritional interven-
tion studies required low soy intake at baseline. It is pos-
sible that women at increased risk of breast cancer due
to a family history, reproductive behavior, or high edu-
cational achievement preferentially volunteered for our
studies. Because nutritional supplement intake was not
collected in detail and not included in the analysis, we
have almost certainly underestimated the intake of vita-
mins and minerals. It is difficult to estimate the error in-
troduced by the fact that the women whose laboratory
analysis was performed during the second year had rel-
atively higher BMIs and IGF-I levels than women in the
first year. As in all dietary analysis, differential underre-
porting of energy and nutrient intake by ethnicity or
body weight may have led to biased results. Because of
the exploratory approach and the multiple testing, some
of the significant findings are probably due to chance.
Finally,unmeasured confounders may also have affected
the associations between nutritional variables and IGF-
I.

We observed no ethnic differences in IGF-I and
IGFBP-3 and relatively weak associations between IGF
levels and dietary intakes. As illustrated by the positive
association between vitamin A intake and IGF-I, diffi-
culties in interpreting an association between diet and
IGF levels in the context of diet and cancer risk need to
be addressed. Associations between diet and IGF levels
warrant further investigation. Moreover, instead of ex-
amining the effect of many single food items on IGF-I
levels, it may be advisable to explore the influence of di-
etary patterns on these outcomes.
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