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Abstract

Objectives—The IGF axis plays a significant role in normal growth and development and variation
in IGFs is associated with health outcomes. Past studies report variation in IGF levels among race/
ethnic groups known to differ in disease incidence. This paper reports on race/ethnic variation in
serum levels of IGF-1 and IGF-BP3 in a nationally representative and ethnically diverse sample of
US adults.

Design—Serum IGF-1 and IGFBP-3 levels from the fasting subsample (n = 6061) of respondents
to the US National Health and Nutrition Examination Survey 111 (NHANES I11) were analyzed using
an IGF-1 ELISA (Diagnostic Systems Laboratory (DSL) 10-5600) and an IGFBP-3 IRMA (DSL
6600). The NHANES is a combined examination and interview survey of a nationally representative
sample of US adults. Regression analyses were used to estimate cross-sectional associations between
the IGF axis and demographic variables.

Results—In unadjusted analyses, serum IGF-I levels were higher in males than in females, and
IGFBP-3 levels were higher in females than in males. Both analytes were lower in older adults.
Univariate analyses indicate that serum levels of IGF-I are lower in female Non-Hispanic Whites
(NHW) (256 [4.9]) and Hispanics (249 [6.6]) than in Non-Hispanic Blacks (NHB) (281 [4.9]).
However, in males, IGF levels in NHWs (287 [3.6]) and NHBs (284 [4.3]) are similar and levels in
Mexican-Americans are only moderately reduced (265 [3.4]). Notably, NHB’s have the highest molar
ratio of IGF-1:1GFBP-3 at all ages. After adjustment for age and BMI, gender and race/ethnicity
differences persist.

Conclusions—These cross-sectional data support exploration of the IGF axis as an explanation
for some race/ethnic differences in cancer incidence.
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Introduction

The insulin-like growth factor (IGF) system plays a significant role in normal growth and
development [1,2] and in a variety of health outcomes [3-6]. In addition, it is now widely
believed to be involved in carcinogenesis [7,8]. In this report, we focus on associations between
the IGF system and a number of demographic and anthropometric variables. These studies
could help explain experimental [9-11] and epidemiological evidence suggesting that the IGF
axis plays a role in carcinogenesis [10]. For example, epidemiological evidence suggests that
higher levels of IGF-I and lower levels of IGF binding protein 3 (IGFBP-3) or changes in their
ratio are associated with increased risk of breast [12], colorectal [13] and prostate cancer [13,
14]. Note that changes in the ratio of IGF-1:1GFBP-3 are thought to reflect changes in bio-
available IGF-1[4,8,15,16]. Moreover, IGF-I signaling stimulates cell proliferation in many in
vitro studies of cancer cell cultures [17-19]. Associations between the IGF axis and
carcinogenesis could be mediated by genetic, anthropometric, and lifestyle variables.

Age and gender are well known correlates of serum IGF levels, but some recent studies have
shown that race/ethnicity also may be associated with serum levels of IGF-1 and IGFBP-3
[20-22]. Slattery et al. reported that Hispanic women had significantly lower levels of IGFBP-3
than non-Hispanic white women [22,23], whereas DeLellis et al. reported lower levels of IGF-
I and IGFBP-3 in Hispanics compared to other race ethnic groups, including whites [20], and
Heald et al. found that Pakistani subjects had lower levels of IGF-1 than subjects of European
or Afro-Caribbean origin [24]. Additionally, African-American men sometimes [21,25], but
not always [26] appear to have lower levels of IGF-I than non-Hispanic white men.

Comparative studies of variation in serum IGF levels [4] have also been conducted in multiple
countries including Japan [27], Denmark [28], England [29], and New Zealand [30]. Cross-
sectional studies exploring associations between race/ethnic differences in lifestyle,
anthropometry and carcinogenesis can help inform longitudinal and experimental studies of
the IGF axis.

The present report includes results of serum measurements of IGF-1 and IGFBP-3 in a large
(n = 6061), nationally representative sample of US adults from the National Health and
Nutrition Examination Survey (NHANES I11). The sample data set allowed us to compare
serum levels of these two factors, in Non Hispanic Whites and Blacks, and Mexican Americans.
We present values of IGF levels by age and gender and analysis of the effects of race/ethnicity
on serum IGF-1 and IGFBP-3, adjusting for the effects of several demographic and
anthropometric variables. These results contribute to the debate concerning the role of the IGF
axis as a determinant of race/ethnic variation in population patterns of carcinogenesis.

Materials and Methods

We analyzed data from the Third National Health and Nutrition Examination Survey
(NHANES I11), a nationally representative sample of the US population with a stratified
multistage probability design and over-sampling of African- and Mexican-Americans [31].
The survey, carried out from 1988-1994, included questionnaires, serum collection, and
physical examination. A subset (n = 6,226) of the total sample of adults (n = 20,024) were
selected at random and asked to fast overnight before attending a morning examination at which
they supplied a serum sample. Response rates for adults aged 20 years and older were
approximately 97% [32].

Serum samples, collected from 1988 to 1994, were divided into two aliquots. Upon collection,
one aliquot was shipped to contract labs for analysis of diverse constituents. The remaining

aliquot was shipped to Atlanta, defrosted on an ice table, and further aliquoted into four 0.5 ml
vials. These samples were stored at —80° C until shipment to Diagnostic Systems Laboratories
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(DSL) in Webster, Texas. Details of serum handling procedures and quality control protocols
have been reported [33]. Each sample underwent two freeze-thaw cycles before analysis. In
brief, we used DSL’s IGF-1 ELISA (Cat. # 10-5600) and IGFBP-3 IRMA (Catalog # 6600).
All assays described were performed by a single technician at the DSL facility. For the IGF-I
ELISA, asingle batch of reagents sufficient for the entire experiment were frozen at the study
onset. The IGFBP-3 IRMA required fresh batches of radioactive tracer during the study.
Throughout the study, we reanalyzed samples if the coefficient of variation for replicate
samples from a single vial was greater than 15%.

We further extracted data from NHANES records concerning respondent’s age, gender, race/
ethnicity, education, income, height, weight, and waist and hip circumferences. In this study
age was treated as a continuous variable, the survey design allows categorization in ten year
intervals (20-29, 30-39, etc.) (http://www.cdc.gov/nchs/about/major/nhanes/nh3data.htm).
All the anthropometric variables in this study were obtained by measurement, not from self
report. Education level was classified as < High school, High school, and any college. Income
was categorized as a percent of the USDA Poverty Ratio (<100, 100-200, 200-300, 300+). To
account for the complex survey design used in NHANES I11, data were analyzed using
SUDAAN [34], following recommendations discussed in Korn and Graubard [35]. Molar ratio
of IGF-I:1GFBP-3 was calculated using the following equivalents for conversion: 1 ng/ml
IGF-1=0.130nM IGF-1, and 1 ng/ml IGFBP-3 =0.036 nM IGFBP-3. Note that the appropriate
conversion equivalents depend on the standards used to calibrate the IGF-1 and IGFBP-3
assays. Cubic equations are used to characterize associations between the IGF axis and age for
different race/ethnic groups. Age, BMI, and other anthropometric variables are normalized to
gender specific average values when required. We also report adjusted means and standard
errors by race/ethnicity for IGF-1, IGFBP-3, and their molar ratio based on these cubic
equations.

Sample characteristics are shown in Table 1. The sample consisted of 3,319 women and 2,742
men. About 75% of the respondents were non-Hispanic whites (NHW), 10% non-Hispanic
blacks (NHB), and 5% Mexican American (MA). The remaining respondents were from
diverse race/ethnic groups and we do not present further details concerning this heterogeneous
group, although they are included in our estimates of mean IGF levels. For women, mean body
mass index (BMI, or kg/m2) was 26.3 (median=26.4, 10-90" percentile = 20.4-36.3); for men,
mean BMI was 26.8 (median=26.2, 10-90™ percentile = 21.4-32.8).

IGF-1, IGBP-3 and their molar ratio exhibit curvilinear relationships with age in both men and
women. (Fig. 1, 2; Table 2). Quadratic and cubic terms in these models were statistically
significant (p<0.05) or interactions between race/ethnicity and the curvilinear terms were
statistically significant (p < 0.05), indicating that non-linear models were required. Interactions
between the cubic term and race/ethnicity were statistically significant in men and women for
IGF-1 and IGFBP-3, therefore we present cubic models for all three outcomes. Overall, IGF-
I and IGFBP3 decline with age, except in the case of IGF-I for Non-Hispanic white women
(Fig. 1B). In men, the molar ratio of IGF-1:IGFBP-3 declined from ages 20 — ~40 and then
plateaus whereas in women the ratio declines steadily until about age 70. Increased values are
observed after age 70, particularly in non-Hispanic whites, but these are based on small
samples, about 200 male and female respondents are aged 70+).

Serum IGF levels differed significantly by race/ethnicity (Table 3A-C) when adjusted for age
and age plus BMI. After adjustment, IGF-I levels were highest in NHW males (289 ng/ml),

lower in NHB (279 ng/ml) and lowest in MA males (244 ng/ml) (Table 3A). In females, lower
levels were observed in MA’s and higher levels in non-Hispanic blacks between ages 50-80,
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with overall levels of IGF-I greatest in NHBs (275 ng/ml), lower in NHW (258 ng/ml) and
lowest in MAs (226 ng/ml). Levels of IGFBP-3 were greatest in NHW males and were
comparable and much lower in NHB and MA males. This pattern was repeated for females. In
both genders, differences between MA’s and NHB’s were small or absent until age ~45+.
Adjustment for other anthropometric variables (Height and WHR), education, and income
levels did not qualitatively alter these patterns. Note these comparisons represent adjusted
values at the overall mean BMI.

For men as well as women, the ratio of IGF-1:IGFBP-3 was highest for NHB, lower in NHWs
and lowest in MAs (Table 3C), with a statistically significant difference between NHW
respondents and the other race/ethnic groups in both genders (P < 0.0001). Exclusion of
diabetics (n = 335) did not alter these results.

The above results are based on predictive margins adjusting for age and BMI. Inspection of
the graphs in Figures 1a—c and Figure 2a—c clearly illustrate the presence of age-race
interactions. These patterns were not entirely consistent across all age groups (Figures 1-3),
graphical evidence suggests age by race by gender interactions. IGF-I levels were lower in
male and female MAs and IGF-BP3 levels are consistently higher in NHW men. Lastly, the
ratio of IGF-1:IGFBP-3 is consistently highest in NHB women and lowest in MA below age
60. The data used for these calculations are publicly available
(http://www.cdc.gov/nchs/about/major/nhanes/nh3data.htm) and reference values for specific
combinations of age, gender and race/ethnicity can be extracted for comparison with particular
studies.

Discussion

In this analysis of cross-sectional data from NHANES 11, a large nationally representative
sample of US adults aged 20 years and older, we document significant associations between
race/ethnicity and serum IGF-1 and IGFBP-3 levels. The observed differences in the IGF axis
are not accounted for by the effects of anthropometric variables, notably BMI. Note that the
height and weight avariables in this study were obtained from standardized measurements in
the examination center, not from self report. Mexican-Americans had lower levels of IGF-I
and NHWs had higher levels of IGFBP-3, resulting in the lowest IGF-1 to IGFBP-3 ratio values
in male and female Mexican Americans. Among men, non-Hispanic whites had the highest
levels of igf-1 and IGFBP-3, but Non-Hispanic blacks had the highest molar ration of IGG-
I:1GFBP-3 in both men and women. These results are important because the ratio of IGF-I to
IGFBP-3 isameasure of bio-available IGF-1 and a potential link to variation in cancer incidence
at some sites [15]. As in past studies, serum IGF-1 and IGFBP-3 levels were lower in older
respondents [4]. All three analytes showed curvilinear relationships with age and values for
one gender are not uniformly higher than the other.

Because these results are based on a large nationally representative sample of US adults, they
should prove invaluable as a guide to calculating reference values for the design and evaluation
of future epidemiological studies of the IGF axis in many parts of the world. Details of the
distributions for both analytes by age, gender, race/ethnicity, and many other classification
variables can be obtained by downloading the public access data
(http:/lwww.cdc.gov/nchs/about/major/nhanes/nh3data.htm) and calculating values for IGF-I
and IGFBP-3 for demographic categories of interest. In the remainder of the paper we focus
on race/ethnic differences in serum IGF levels, potential confounders of these differences, and
the possibility that population level differences in IGFs may help explain variation in cancer
incidence.
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Race/ethnic differences in serum IGFs could occur because of genetic differences in IGF
regulation among different race/ethnic groups. One study of Finnish twins reports that genetic
variation accounted for 38% of the variance in serum IGF-I levels and 60% of the variance in
IGFBP-3 [36]. Second, lifestyle, anthropometric, or other variables associated with the IGF
axis could account for differences in IGF levels among racial/ethnic groups. For example,
diverse anthropometric variables [4,21] and regional fat deposition [37,38] have been
associated with IGF-I levels. In our study, after adjustment for age and race/ethnicity, height
was positively associated with IGF-1 in men (p = 0.021) and waist circumference was
negatively associated with IGFBP-3 in women (p = 0.002). Height, BMI, and waist
circumference were not significantly associated with IGFBP-3 in men or women. However,
adjustment for height, BMI, and waist:hip ratio did not significantly alter the associations
between race/ethnicity and the IGF variables measured. Thus there appear to be associations
between race/ethnicity and the IGF axis, independent of anthropometric characteristics.

It is possible that dietary intakes explain some of the observed relationships. We found little
evidence for associations between food and alcohol consumption estimated from limited
dietary assessment instruments available in this study and aspects of the IGF axis measured
here (Potischman et al. Personal Communication), despite past studies suggesting that some
dietary factors may be associated with the IGF axis [39-42]. Nor did we detect differences
between race/ethnic groups and dietary variables. In general, the literature relating dietary
factors and IGF-1 and IGFBP3 is inconsistent. For example, carbohydrate intake has been
shown to be negatively [24,43], positively [39,40] and not associated [41,42,44-46] with IGF-
| or IGF-IGFBP3 concentrations. In addition, there are null intervention and cross-sectional
studies relating common dietary factors to IGF-I and IGFBP3 [20,47-50] and further work
would need to address associations within race/ethnic groups.

Other potential confounders of the association between race/ethnicity and IGF levels include
physical activity [42,51], alcohol use [52,53], and smoking [54,55]. However, reports
concerning these variables are contradictory and in general suggest that their effects, if present
are small [4,21]. It is a major challenge to determine the mechanisms responsible for race/
ethnic difference in the IGF axis because of the complexity of IGF regulation [8,56] and the
fact that lifestyle and environmental influences on the IGF axis are still poorly understood
[8,56].

A growing literature concerning the epidemiology of IGF suggests that the IGF axis and cancer
at several sites [13] have small but significant associations. The strongest evidence to date has
been found for colon, prostate and pre-menopausal breast cancer. At these sites, serum or
plasma levels of IGF-1 and these cancers are positively associated. Results for IGFBP-3 are
mixed. A recent meta-analysis indicated that IGFBP-3 levels were associated with increased
risk of pre-menopausal breast cancer but not with risk for cancer at other sites [13]. Given that
IGFBP-3 is the major binding protein of IGF-I, such associations are thought to be consistent
with the regulation of IGF-I’s mitogenic effects through binding to IGFBP-3 [8]. Thus, the
elucidation of demographic and behavioral factors associated with variation in serum levels of
IGF-1 and its binding proteins could help explain racial variation in cancer incidence [22,25,
57,58].

Past studies have examined race/ethnic differences in serum levels of IGF and one or more of
its binding proteins. A small study of middle-aged men found that reported IGF-I levels were
higher in Caucasians (224 ng/ml) than in African Americans (205 ng/ml) and Asians (208 ng/
ml), and IGFBP-3 levels were lowest in African Americans (3373 ng/ml) and higher in
Caucasians (3868 ng/ml) and Asians (3926 ng/ml), resulting in lower ratios of IGF-1:1GFBP-3
in Asians but similar values among the other groups [25]. Platz et al. [25] point out that the
lower level of bio-available IGF-I in Asians is consistent with their lower incidence of prostate
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cancer, but their results do not account for the higher prostate cancer incidence observed in
African Americans. Slattery et al. report similar levels of IGF-1, lower levels of IGFBP-3 and
comparable ratios of IGF-1:IGFBP-3 in Hispanic compared to non-Hispanic white women
[59]. One large study of men and women aged 45-75 years (The Multi-Ethnic Cohort (MEC))
focusing on racial/ethnic variation in cancer risk factors has examined the IGF axis. This study,
of men and women aged 45-75 years, set in Hawaii and Los Angeles [20,57,60], has reported
significant associations between race/ethnicity and both IGF-1 and IGFBP-3 levels [20].
Systematic review of race/ethnic variation in the IGF axis might help identify current
challenges to teasing apart environmental and genetic influences on this key molecule [4,20,
26,61,62].

Overall, the results of this study match some cancer data according to ethnic group incidence
rates. Colorectal, pre-menopausal breast and prostate cancer risk have been linked to the IGF
axis and have incidence rates that vary by race and ethnicity [63]. Most notably, the incidence
of all three cancers is lowest in Hispanics and Mexican-Americans in population-based cancer
registries in the US [63]. In our national data, the concentration of IGF-I and IGF-1:IGFBP-3
ratio is also lowest in this ethnic group in younger men and older women. Prostate cancer
incidence is markedly higher in non-Hispanic Blacks (234 per 100,000) than non-Hispanic
Whites or Mexican Americans (152 and 134 per 100,000, respectively) [63]. The IGF-
I:1GFBP-3 ratio is also higher in non-Hispanic Blacks than the other two groups. Compared
to Non-Hispanic Whites and Mexican Americans, colorectal cancer is higher in non-Hispanic
Black males and females and the IGF-1:IGFBP-3 ratio is also highest in non-Hispanic Blacks
at all ages, except ages ~40-50 in men.

These considerations suggest that the IGF axis could be related to variation in cancer incidence
among these race/ethnic groups. Our estimates of serum IGF levels are based on NHANES
data whereas these estimates of race/ethnic variation incidence from SEER, nevertheless, both
surveys are population-based with highly standardized data collection and processing systems
necessary for research purposes. Only a few longitudinal studies of variation in the IGF axis
have been conducted. Thus, it is difficult to determine whether cross-sectional studies reflect
long-term exposures. One study indicates that IGF-1 levels show little intra-individual variation
over the short term (about 40 days) in relative values despite significant declines with over the
long term (as subjects aged) [54]. The Cardia Male Hormone study has examined longitudinal
change in IGF-1 and IGFBP-3 [21]. However, they have not yet reported an analysis of
repeatability over this time period.

The results presented here were obtained from a cross-sectional study and the serum samples
analyzed had been stored for 10-16 years before analysis. Quality control and sample
degradation characteristics are discussed in some detail in an earlier publication [33]. Mean
levels of IGF-1 and IGFBP-3 observed in this study are comparable to those seen in many past
studies [4,66], but we cannot rule out differential levels of sample degradation in specific
demographic subgroups.

In sum, these results provide strong evidence for race/ethnic variation in serum levels of IGF-
I and IGFBP-3 in a large nationally representative sample of US adults. Furthermore, they offer
an introduction to an easily accessible public use data resource that allows calculation of
reference values for IGF-1and IGFBP-3 stratified by gender, age and race ethnicity. This should
be of some utility for evaluating data quality in future epidemiological studies. Our results
provide strong support for further efforts to explore variations in the IGF axis related to race
and ethnicity and their association with cancer incidence at several sites. NHANES 111 also
contains data concerning many more serum components and diverse measures of health status
and health behavior and these data are freely available for analysis
((http://www.cdc.gov/nchs/about/major/nhanes/nh3data.htm).
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Figure 1a, b. IGF-1 by age and race/ethnicity for men and women respectively.
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Figure 2a, b. IGFBP-3 by age and race/ethnicity for men and women respectively.
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Figure 3a, b. IGF-1/IGFBP-3 by age and race/ethnicity for men and women respectively.
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Table 1
Characteristics of the sample.
Variable? Women (n = 3319) Men (n =2742)
Age (y) 44.68 (0.64)° 43.03 (0.56)
Race/Ethnicity
Non-Hispanic White (%) 76.62 (1.46) 77.87 (1.74)
Non-Hispanic Black (%) 11.10 (0.78) 9.09 (0.67)
Mexican American (%) 4.59 (0.43) 5.45 (0.60)
Other (%) 7.69 (1.04) 7.59 (1.34)
Height (meters) 161.91 (0.22) 175.85 (0.27)
Weight (kg) 69.08 (0.54) 83.14 (0.62)
BMI (kg/m?) 26.34 (0.20) 26.81 (0.18)
Waist-Hip ratio 0.86 (0.00) 0.95 (0.00)
Waist circumference (cm) 88.24 (0.50) 95.51 (0.47)

aValues weighted to account for the survey design
b
Mean +/- S.E.

cTriceps +Subscapular + Suprailiac + Thigh
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