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Abstract

Objective: Higher levels of insulin-like growth factor-I (IGF-1) and lower levels of IGF

binding protein-3 (IGFBP-3) have been associated with an increased risk of prostate

cancer. Nutrition is known to partially regulate IGF levels and it is possible that

nutritional factors mediate the impact of IGF levels on prostate cancer risk.

Design: A cross-sectional analysis of the impact of nutritional factors measured by a

dietary questionnaire on plasma levels of IGF-I, IGFBP-3 and their molar ratio.

Multiple linear regression analysis was used to test for effects of nutrients on IGF

levels.

Setting: Prostate cancer screening at the Hollings Cancer Center in Charleston, South

Carolina.

Subjects: Ninety-five African American and 138 white males aged 33-83 years

attending the screening.

Results: In whites, intakes of total, saturated and monounsaturated fats were positively

associated with an increase in the molar ratio, while there was no association in

African Americans. In African Americans, we found that increasing intake of calcium

and dairy servings was positively associated with IGF-I levels. Increased vegetable

intake was positively associated with IGFBP-3 in African Americans, while there was

no effect in whites. A higher percentage of alcohol in the total diet was significantly

associated with a decrease in the molar ratio and an increase in IGFBP-3 in both Keywords
groups. 1GF-1

Conclusions: Our results confirm previous findings of nutritional determinants of IGF IGFBP-3
levels. Additionally, we found the impact of several nutrients on IGF levels to be Nutrition
different in whites and African Americans, which warrants further investigation. Race

The insulin-like growth factor (IGF) system plays a role in
stimulating cellular proliferation and inhibiting apopto-
sis"?. IGF-I has mitogenic and anti-apoptotic effects on
normal and transformed prostate epithelial cells"?. IGF
binding protein-3 (IGFBP-3) binds to IGF-I, thereby
inhibiting the mitogenic and anti-apoptotic effects of free
IGF-I; it has also been demonstrated to induce cell death
and be a negative regulator of cellular proliferation
independent of IGF-I?">. The mechanism relating IGF-I
and IGFBP-3 to cancer has been reviewed previously®°.
High circulating levels of IGF-I'""* and low levels of
IGFBP-3"""* have been associated with an increased risk
for the development of prostate cancer.

In vivo synthesis of IGF-I is stimulated by growth
hormone and circulating plasma levels of IGFs are subject
to complex physiological regulation'>. The substantial
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inter-individual variation of IGF-I and IGFBP-3 levels is
due to both genetic and non-genetic factors. Nutritional
and lifestyle factors are known to regulate IGF-I
levels® 1019, Starvation, severe energy restriction and
chronic energy restriction decrease circulating IGF-I
levels in humans'®?>?' Protein—energy malnutrition
decreases IGF-I levels and an increase in IGF-I levels is
observed in response to improvements in both energy and
protein intake during refeeding*.

Epidemiological studies indicate that nutrition plays a
role in prostate cancer risk, although the mechanisms are
not clear®** It is plausible that there is an interplay
between diet and IGFs, and that the relationship between
nutrition and prostate cancer may be partially mediated
through the IGF system®. It has been demonstrated in
animal studies that energy restriction can reduce the risk of
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cancer and inhibit tumour growth, and these effects were
associated with a decrease in circulating IGF-1?*?. This
evidence suggests that IGF may be the mediator in the
relationship between diet and cancer.

The aims of the present study were to identify factors
which influence IGF levels, a potentially modifiable
suspected risk factor of prostate cancer, in African
American and white males, and to determine if the effects
of nutrients on IGF levels differ in the two racial groups.
Previous studies have reported racial differences in IGF
levels'**73% and there is evidence that age and
anthropometric factors affect IGF levels differently in
blacks and whites®*",

In this paper we explore associations between IGF levels
and nutrients which have previously been found to be
associated with prostate cancer risk, specifically dairy, fat,
lycopene, fruits and vegetables, zinc, selenium and vitamin
E23243230 Fyrther understanding the relationship between
IGFs and nutrition may improve understanding of the
aetiology of prostate cancer. In the USA during 1988—1992,
African American males (180.6 per 100 000) had 31% higher
age-adjusted incidence rates than non-Hispanic white males
(137.9 per 100 000); and African American males (53.7 per
100000) had 120% higher age-adjusted mortality rates
than non-Hispanic white males (24.4 per 100000)°”*%, The
reasons for the drastic difference in incidence and
mortality of prostate cancer between African Americans
and US whites are unclear; however, nutritional and
hormonal differences may explain some of the disparity.

Materials and methods

The study population was composed of 138 white males
and 95 African American males aged 33-83 years, who
were recruited during a free annual prostate cancer
screening held at the Hollings Cancer Center at the
Medical University of South Carolina (MUSC). This
screening is open to the public and has been offered on
an annual basis since 1992. Each year participants were
recruited through newspaper, radio and television
announcements, and males who attended the free
screening in a previous year were mailed a letter inviting
participation again. Males who reported a history of
prostate cancer or who were found to have an abnormal
digital rectal examination (DRE) or prostate-specific
antigen (PSA) greater than 4.0 ngml™ ' at the screening
were not included in this study. Informed consent was
obtained from all participants. Participants reported
dietary intake using the 2000 Brief Block Questionnaire,
a validated dietary questionnaire®. The study was
approved by the MUSC Institutional Review Board.
Blood samples for all subjects were drawn over a 2-day
period in 2002 and stored at —70°C until selected for
testing. An individual aliquot of plasma from the three to
six samples collected per patient was chosen, avoiding
any lipaemic or haemolytic samples. Quantitative
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measurements of plasma IGF-I and IGFBP-3 levels were
determined by enzyme-linked immunosorbent assay
(ELISA) using the DSL-10-2800 ACTIVE® Non-Extraction
IGF-I ELISA kit and the DSL-10-6600 ACTIVE® IGFBP-3
ELISA kit from Diagnostic Systems Laboratories, Inc.
(Webster, TX, USA). All pre-treated samples and controls
were assayed in duplicate, with the calculated mean used
for data analysis. Plasma samples with a coefficient of
variation of 5% or greater were repeated.

Plasma IGF levels were normally distributed; therefore,
statistical procedures which assume normality were used.
Multiple linear regression was used to test for the linear
effects of nutrients on each of the outcomes (IGF-I, IGFBP-
3 and the molar ratio) while controlling for age, height and
total energy separately for African Americans and whites.
The molar ratio was used as an outcome as it is thought to
represent the biologically active fraction of IGF-1.

Initially we modelled the effect of each dietary factor on
IGF levels separately for blacks and whites. In the IGF
models, a r-test was used to test for equal regression
coefficients between African Americans and whites, which
is equivalent to testing for no interaction between nutrient
predictors and race™. We combined models across the two
racial groups if the regression coefficients differed by less
than 50%. If the #-test for equal regression coefficients was
rejected or the regression coefficients differed by more
than 50% we carried out stratified analysis, since it is
possible we lacked adequate power to detect a
heterogeneous effect of dietary factors on IGF levels in
the two race groups. Predicted mean values of IGF-I,
IGFBP-3 and the molar ratio were obtained by quintiles of
nutrients separately for African Americans and whites
using the final separate regression models for each
nutrient. The predicted value of each outcome (IGF-I,
IGFBP-3 and the molar ratio) was obtained while
controlling for overall mean age and height for nutrients
within the range of reported intake for each racial group;
therefore we did not extrapolate past the range of reported
intake. The quintiles were calculated using the overall
distribution of each nutrient.

Results

There were 233 males (59% white and 41% African
American) in total with both complete dietary information
and plasma levels of IGF-I and IGFBP-3 measured. Whites
were older than African Americans: mean age 61 years
versus 55 years, respectively (P < 0.01). There were no
significant differences in baseline PSA level, DRE status,
family history or current smoking status.

All results presented in Tables 1 and 2 are based on
multivariate models controlling for age and height, and
other nutrients also control for total energy intake as
denoted. The nutritional factors we analysed were intakes
of total energy, protein, calcium, phosphorus, vitamin D,
total, saturated, polyunsaturated and monounsaturated
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Table 1 Predicted values of insulin-like growth factors for nutritional factors by race

Nutrient quintile

Whites

African Americans

IGF-I/IGFBP-3 molar ratio

Total fat (g)
< 35.1
35.1-46.2
46.3-60.8
60.9-80.6
80.7-165.9
P-valuet
Saturated fat (g)
<11.3
11.3-15.3
15.4-20.3
20.4-28.9
29.0-56.2
P-valuet

Monounsaturated fat (g)

<125
12.5-17.4
17.5-22.1
22.2-30.0
30.1-66.7

P-valuet

Fibre fruit/'vegetable (g)
< 3.56
3.56-5.45
5.46-7.94
7.95-11.10
11.11-32.52

P-valuet

% of diet from fatt
< 24.08
24.08-29.50
29.51-34.18
34.19-39.26
39.27-54.75

P-valuet

IGF-I (ngml™ ")

Calcium (mg)
< 382.9
382.9-489.5
489.6-629.8
629.9-850.6
850.7-2130.1

P-valuet

Dairy servings/dayt
<04
0.4-0.7
0.8-1.1
1.2-1.6
1.7-54

P-valuet

% of alcoholt
0
0.1-0.3
0.4-3.1
3.2-13.0
13.1-55.0

P-valuet

IGFBP-3 (ngml™ ")
Polyunsaturated fat (g)
<6.8
6.8-9.3
9.4-12.3
12.4-15.8
15.9-40.5
P-valuet

Fibre fruit/vegetable (g)

0.110 (0.095, 0.125)
0.117 (0.108, 0.126)
0.122 (0.116, 0.128)
0.129 (0.122, 0.135)
0.149 (0.127, 0.171)
0.03

0.111 (0.097, 0.126)

0.118 (0.108, 0.127)

0.122 (0.116, 0.129)

0.129 (0.122, 0.135)

0.146 (0.126, 0.165)
<0.05

0.112 (0.099, 0.125)

0.118 (0.110, 0.127)

0.123 (0.116, 0.129)

0.128 (0.122, 0.134)

0.147 (0.125, 0.168)
<0.05

0.127 (0.118, 0.136)
0.126 (0.119, 0.133)
0.125 (0.120, 0.131)
0.125 (0.118, 0.131)
0.122 (0.106, 0.138)
0.67

0.113 (0.100, 0.124)
0.121 (0.114, 0.128)
0.124 (0.119, 0.130)
0.128 (0.122, 0.134)
0.136 (0.126, 0.145)
0.02

134.0 (120.7, 147.2)
134.2 (123.6, 144.8)
134.5 (125.9, 143.0)
134.8 (126.9, 142.8)
135.9 (117.7, 154.2)
0.89

133.6 (121.9, 145.3)
134.0 (124.2, 143.7)
134.3 (126.1, 142.5)
134.8 (127.0, 142.5)
136.4 (120.0, 152.8)
0.82

136.4 (127.2, 145.6)
136.4 (127.3, 145.5)
136.0 (127.4, 144.7)
134.7 (126.9, 142.6)
129.3 (112.1, 146.5)
0.5

3929 (3598, 4260)
3919 (3696, 4142)
3911 (3744, 4077)
3901 (3724, 4079)
3860 (3232, 4488)
0.88
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0.135 (0.115, 0.154)
0.134 (0.123, 0.146)
0.134 (0.126, 0.142)
0.134 (0.123, 0.144)
0.133 (0.107, 0.159)
0.94

0.131 (0.113, 0.148)
0.132 (0.121, 0.143)
0.134 (0.126, 0.141)
0.135 (0.125, 0.146)
0.139 (0.114, 0.163)
0.70

0.131 (0.114, 0.148)
0.132 (0.122, 0.143)
0.134 (0.126, 0.141)
0.135 (0.125, 0.144)
0.138 (0.112, 0.164)
0.73

0.142 (0.133, 0.151)

0.139 (0.130, 0.148)

0.136 (0.129, 0.144)

0.133 (0.125, 0.140)

0.117 (0.100, 0.133)
<0.05

0.136 (0.122, 0.149)
0.134 (0.126, 0.142)
0.133 (0.126, 0.140)
0.132 (0.123, 0.141)
0.131 (0.118, 0.144)
0.68

114.4 (101.4, 127.4)
121.0 (111.4, 130.7)
125.5 (117.2, 133.8)
131.9 (122.3, 141.6)
158.7 (128.0, 186.4)
0.04

119.6 (109.5, 129.7)
123.2 (114.7, 131.7)
127.2 (119.1, 135.3)
131.8 (122.3, 141.2)
153.0 (130.4, 175.7)
0.03

130.3 (121.4, 139.1)
130.0 (121.3, 138.7)
128.5 (120.2, 136.8)
122.2 (113.3, 131.1)
100.8 (80.8, 120.8)
0.04

3015 (2618, 3412)
3231 (2983, 3479)
3397 (3223, 3572)
3586 (3385, 3787)
4062 (3535, 4590)
0.02

99
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Table 2 Predicted values of insulin-like growth factors for nutritional factors by racet

Table 1. Continued

KM McGreevy et al.

Nutrient quintile

Whites

African Americans

< 3.56
3.56-5.45
5.46-7.94
7.95-11.10
11.11-32.52
P-valuet
Fibre (g)
<8.7
8.7-12.5
12.6-16.0
16.1-21.7
21.8-55.5
P-valuet

Vegetable servings/day}

<11
1.1-2.0
2.1-3.1
3.2-4.9
5.0-17.4
P-valuet

3915 (3663, 4167)
3911 (3724, 4097)
3908 (3746, 4069)
3903 (3719, 4087)
3890 (3433, 4347)
0.94

3972 (3696,4248)
3942 (3741,4144)
3917 (3754,4081)
3886 (3710,4062)
3758 (3217, 4299)
0.57*

3890 (3651, 4130)
3896 (3704, 4088)
3902 (3738, 4065)
3909 (3741, 4078)
3945 (3430, 4459)
0.87

3166 (2912, 3421)
3279 (3075, 3482)
3374 (3199, 3548)
3496 (3328, 3665)
4034 (3609, 4459)
<0.01

3137 (2823, 3450)
3287 (3069, 3505)
3398 (3223, 3573)
3537 (3354, 3719)
4131 (3539, 4722)
0.02

3296 (3088, 3505)
3366 (3181, 3551)
3433 (3266, 3601)
3526 (3349, 3702)
3985 (3506, 4463)
0.03

IGF-I — insulin-like growth factor-I; IGFBP-3 — insulin-like growth factor binding protein-3.

Values in parentheses are 95% confidence intervals.
* P < 0.05 for t-test of equal slopes between blacks and whites.

1 The P-values reflect the test for trend between dietary factor and outcome by race.
F Indicates predicted values are based on multivariate models controlling for age and height; while for unmarked nutri-

ents the predicted values are based on multivariate models controlling for age, height and total energy intake.

Nutrient quintile Whites African Americans P-valuet
IGF-1 (ngmi™")
Phosphorus (mg)
< 680.7 118.6 (104.1, 133.1) 109.8 (94.6, 124.9) 0.02
680.7-825.3 124.9 (114.5, 135.2) 118.1 (107.7, 128.4)
825.4-1073.3 130.9 (123.3, 138.5) 124.1 (115.3, 133.0)
1073.4-1323.4 138.6 (130.6, 146.7) 131.8 (121.5, 142.2)
1323.5-2691.1 163.5 (138.4, 188.5) 149.5 (127.7, 171.3)
Protein (g)
<401 121.8 (108.3, 135.3) 113.0 (98.8, 127.2) 0.04
40.1-48.2 127.2 (117.5, 136.8) 119.7 (109.7, 129.7)
48.3-59.0 130.5 (122.6, 138.4) 123.1 (114.2, 132.0)
59.1-80.9 136.3 (128.9, 143.8) 128.9 (119.4, 138.4)
81.0-181.9 158.6 (134.7, 182.5) 143.2 (124.1, 162.2)
IGF-l/IGFBP-3 molar ratio
% of alcohol§
0 0.132 (0.126, 0.139) 0.138 (0.131, 0.145) <0.01
0.1-0.3 0.132 (0.126, 0.139) 0.137 (0.131, 0.144)
0.4-3.1 0.131 (0.125, 0.137) 0.136 (0.130, 0.143)
3.2-13.0 0.127 (0.121, 0.132) 0.132 (0.125, 0.139)
13.1-55.0 0.108 (0.097, 0.119) 0.116 (0.104, 0.128)
IGFBP-3 (ngmi™ ")
% of alcohol§
0 3765 (3593, 3937) 3348 (3164, 3532) 0.02
0.1-0.3 3768 (3597, 3939) 3351 (3167, 3535)
0.4-3.1 3786 (3623, 3949) 3369 (3189, 3549)
3.2-13.0 3861 (3712, 4010) 3444 (3262, 3626)
13.1-55.0 4169 (3871, 4467) 3700 (3386, 4014)

IGF-I — insulin-like growth factor-I; IGFBP-3 — insulin-like growth factor binding protein-3.

Values in parentheses are 95% confidence intervals.

1 Predicted values are based on a combined model controlling for race, age and height.
1 The P-values from the combined model reflect the trend for the association between nutrient and outcome, which is the same across race.

§ Indicates predicted values are based on multivariate models controlling for age and height; while for unmarked nutrients the predicted values are based on
multivariate models controlling for age, height and total energy intake.
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fats, fruit and vegetables, fibre, alcohol, lycopene, vitamin
E, zinc and selenium.

Preliminary analyses (not shown) indicated that both
age and height were associated with IGF levels in this
population. The tables include nutrients that had a linear
association with one of the three outcomes (IGF-1, IGFBP-
3, molar ratio) for either African Americans or whites. The
P-value shown below the IGF levels is associated with
the continuous nutrient in each of the models for each
race-stratified model. An asterisk on the P-value of whites
indicates that the #test for equal slopes of the nutrient
between African Americans and whites was rejected. The
results for the association between IGF outcomes and total
nutrients, which represents intake from both supplements
and food groups, are similar to those for food intake alone
and are not shown.

There was no linear association between total energy
intake and IGF levels in African Americans or whites at the
0.05 level of significance. Intakes of total fat, saturated fat
and monounsaturated fat, and increasing percentage of
total energy intake from fat, were positively associated
with a linear increase in the molar ratio in whites, while
there was no such effect in African Americans. The highest
quintile of total fat intake was associated with a 35% higher
molar ratio compared with the lowest quintile in whites.
Polyunsaturated fat intake showed a linear positive
association with increasing IGFBP-3 levels in African
Americans (the highest quintile had 35% higher IGFBP-3
levels than the lowest quintile), while there was no
association in whites.

A higher percentage of alcohol in the total diet was
significantly associated with a linear decrease in the molar
ratio and a linear increase in IGFBP-3 levels in both African
Americans and whites. In African Americans, a higher
percentage of alcohol in the diet resulted in a significant
decrease in IGF-I levels. A higher intake of protein was
associated with a positive increase in IGF-I levels in both
African Americans and whites.

Dairy intake appeared to have an effect in African
Americans but not in whites. In African Americans, we
found that increasing intake of calcium was positively
associated with IGF-I levels, while there was no
association in whites. African American males who
reported daily intake of calcium between 851 and
2130 mg had 39% higher IGF-I levels than those with less
than 383 mg. Increased dairy servings per day was also
positively associated with IGF-1 levels in African Amer-
icans (a 28% increase in the highest compared with the
lowest quintile), while there was no such effect in whites.
Phosphorus had a positive association with IGF-I in both
African Americans and whites in a combined model while
controlling for age, height, total energy intake and race.

We also examined the impact of fruit, vegetable and
fibre intake on IGF levels. In African Americans, there was
a positive linear association between fibre intake (from
vegetables and fruits) and IGFBP-3 and an inverse linear

https://doi.org/10.1017/51368980007217999 Published online by Cambridge University Press

101

association with the molar ratio, while there was no
association between fibre intake and IGF levels in whites.
Increased fibre intake from all sources was also positively
associated with IGFBP-3 levels in African Americans: there
was a 32% increase in IGFBP-3 levels in the highest
quintile compared with the lowest quintile of fibre intake.
The test of equal slopes of fibre on IGF levels between
African Americans and whites was rejected. In African
Americans, increased vegetable servings per day resulted
in a positive linear increase in IGFBP-3 levels; those who
had more than 5 servings of vegetables a day had 21%
higher IGFBP-3 levels than those with less than 1.1
servings per day. There was no association between fruit
servings per day and IGF levels in whites or African
Americans. There was no association between any of the
IGF levels and lycopene, vitamin E, zinc or selenium in
African Americans or whites at the 0.05 level of
significance. As an exploratory analysis we investigated
associations between other dietary factors (cysteine,
lutein, cryptoxanthin, retinol, and «- and B-carotene)
and IGF levels and found no statistically significant linear
associations.

Discussion

This was an exploratory analysis of the association
between IGF-I, IGFBP-3 and their molar ratio with
nutrients in race-stratified models. Since we examined
the relationship of several nutrients with IGF levels,
associations could occur by chance and should be
replicated in other studies.

In this cross-sectional analysis of a community sample of
middle-aged to elderly African American and white males,
we found associations between several nutritional factors,
some previously linked with prostate cancer, and IGF-I,
IGFBP-3 and the molar ratio. Many nutrients had a strong
effect on IGF levels in one racial group but no impact in
the other. Alcohol, phosphorus and protein were the only
dietary factors that had a similar and significant impact on
levels in both racial groups. Calcium, fibre, vegetable and
fruit intakes had an effect in African Americans, but no
effect in whites. Total, saturated and monounsaturated fat
intakes affected IGF levels in whites, but not African
Americans.

This study is unique because we explored the impact of
nutrients on IGF levels in race-stratified models. Previous
analyses on the impact of nutritional factors, measured by
a uniform dietary questionnaire, on circulating IGF-I and
IGFBP-3 levels have assumed homogeneity of effects
across racial groups. One previous study analysed
associations of IGF-I with macronutrients in each racial
group of white European, African Caribbean and Pakistani
males and females*'. However, each racial group in that
study was administered a different food-frequency
questionnaire, while in our study all participants were
administered the same dietary questionnaire.
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The effect of alcohol on the molar ratio is very similar in
African Americans and whites, with a decrease of 18% in
whites and of 21% in African Americans in the highest
quintile compared with the lowest. Our study is consistent
with two previous studies which found an inverse
association between alcohol and IGF-I levels** and
also with the finding that patients with long-term liver
damage have decreased IGF-I levels®**. One study found
no association between alcohol and IGF-1*>, while another
found a positive association although the age-adjusted
mean IGF-I levels were actually higher for those who
consumed the fewest amount of drinks compared with
those who consumed the most™®. Our finding of a positive
association between IGFBP-3 levels and alcohol intake is
consistent with a previous study on women"’.

Previous studies on the association between intake of
total energy and IGF levels have been inconsistent'®47 =%
Our failure to find an association between intake of total
energy and IGF levels is consistent with two studies which
also failed to find an association between total energy
intake and IGF-I, IGFBP-3 or the molar ratio®™®*.
Giovannucci et al.*® did find a positive association between
IGF-T and total energy intake in a subset of males with body
mass index less than 25kgm™% we did not find this
association in the corresponding subset of males in our
study. In a study of women IGF-I and IGFBP-3 were
positively associated with total energy intake™”. Although it
is clear that chronic/severe energy restriction decreases
IGF-I levels'®**2! and there is evidence that overnutrition
increases IGF-1, it may be that energy intake does not have
an effect on IGF levels within the normal range of intake.

The effect of dairy and calcium on IGF-I levels in African
Americans is noteworthy. Our results in African American
males are consistent with several previous studies which
have found an association between increased consump-
tion of dairy products and IGF-I levels”’ =% one study
found an increase that was not significant™. In a study on
women, food sources of calcium and vitamin D (dairy,
milk) were positively and significantly associated with
increased IGF-I levels’. Our finding of a positive
association between phosphorus and IGF-I is consistent
with a previous study™.

Our results on total fat, saturated fat and monounsatu-
rated fat in whites are consistent with previous studies
which found increased intake of fat to result in an increase
inIGF-1levels, an increase in the molar ratio or a decrease in
IGFBP-3'%7  However, one study did not find an
association between either IGF-I or the molar ratio and
saturated fat, monounsaturated fat or polyunsaturated fat*?.
IGF-I levels were found to be positively correlated with the
consumption of fats and oils, while IGFBP-3 levels were
found to be inversely correlated with energy intake from
lipids, in healthy Greek males and females'®. Heald et al.
found that IGF-I was positively associated with dietary fat
and saturated fat; the relationship appeared to be non-
linear with IGF-I levels increasing until they decreased
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slightly in the highest quintile*!. Higher intakes of total fat,
animal fat, saturated fat and monounsaturated fat were
inversely associated with IGFBP-3 in a study conducted on
females”. Our detection of a positive association between
IGFBP-3 and polyunsaturated fat in African Americans is
consistent with one previous study™®, but another study in
females found no association between intake of poly-
unsaturated fat and IGFBP-3 levels®.

Our finding that increased vegetable servings and fibre
from the diet increase IGFBP-3 levels in African American
males is noteworthy. These results on vegetable intake are
consistent with Gunnell ef al.*® who found that increased
vegetable intake decreased the molar ratio, although other
studies have failed to detect an association between intake
of fruits or vegetables and IGF-I or IGFBP-3 levels'®%.

Our failure to find an association between lycopene and
either IGF-I or IGFBP-3 levels is not supported by previous
studies. One study found a positive association between
lycopene intake and IGFBP-3 levels in women®” and
another study an inverse association between increased
consumption of cooked tomatoes with IGF-I levels™. It is
possible that our failure to find an association between
lycopene and IGF levels is because the intake is too low in
our population. Mediterranean diets contain a greater
intake of tomatoes and our population might not be
consuming sufficiently high levels to have an effect. In the
study by Mucci et al., males consumed on average 13.2
servings of cooked tomatoes per month which translates
into approximately 28000 wg of lycopene per day*?. The
average reported daily intake of lycopene among males in
our study is much lower at 4084 pg. It is also much lower
than the daily lycopene intake reported by women in the
study of Holmes er al; 84% of our population had
lycopene intake lower than the first quintile (5708 pg) in
this previous analysis®’.

Our finding of a positive association between protein
intake and IGF-I levels in African Americans and whites is
consistent with previous studies. Protein—energy malnu-
trition decreases IGF-1 levels and an increase in IGF-1
levels is observed in response to improvements in both
energy and protein intake during refeeding®**”. We found
no association between zinc and any of the IGFs, while
previous analyses found an increase in IGF-I with zinc
from food sources®”*.

It is important to note that many dietary factors known
to be associated with prostate cancer were found to be
associated with IGF levels in this analysis. The most
notable findings included the positive association between
dairy (calcium, phosphorus, dairy servings) and IGF-I
levels in African Americans, as well as the positive
association between phosphorus and IGF-I in whites.
High intake of calcium has been found to be associated
with an increased risk of prostate cancer and the risk
appears to be stronger for advanced fatal prostate cancer
among older males, suggesting that it influences disease
progressionz/153 =% The positive association between
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dietary fat and the molar ratio in whites is of interest as
total fat, saturated fat and animal fat have been found to
increase prostate cancer risk®*. The positive association of
fibre, fruits and vegetables with IGFBP-3 levels in African
Americans is of interest. A review of the nutrition and
prostate cancer literature concluded that the consumption
of cooked tomatoes and diets high in vegetables are likely
protective against the risk of prostate cancer®*,

An advantage of the present study is that 41% of the
population were African Americans, which enabled us to
stratify on race and explore the effects of nutrients on IGF
levels within two racial groups. It has been demonstrated
that there are significant racial differences in IGF levels;
therefore failing to control for race could confound the
relationship between nutrients and IGF levels. We found
race to modify the effect of several nutrients on IGF levels.
Although many nutrients had an impact on IGF levels in one
racial group while not in the other, the test for equal slopes
between African Americans and whites was not rejected for
many nutrients. This failure to detect an interaction for many
nutrients may be due to a lack of power. A limitation of our
study is the cross-sectional design, which prohibits the ability
to discern the temporal relationship in the effect of diet
modification of IGF levels. Another limitation of this study is
we may have lacked adequate power to detect associations
between nutritional factors and outcomes, as well as to
detect a statistically significant heterogeneity of effect
between nutrients and IGF across the two racial groups,
due to the small sample size.

In conclusion, this analysis further supports that IGF
levels, a potential risk factor for prostate cancer, may be
modified through nutrition. Our finding of race-specific
effects of nutrition on IGF levels is novel and warrants
further investigation.
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