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Abstract

Purpose—Insulin-like growth factor 1 (IGF-1) levels are positively related to some cancers and
negatively related to cardiovascular disease. These conditions are also related to insulin resistance
and high body weight leading to the hypothesis that IGF-1 levels may, in part, mediate the association
of high body weight with these health outcomes. Using the National Health and Nutrition
Examination Survey (NHANES) 111 population, we examined the associations between IGF-1,
IGFBP-3, and the IGF-1/IGFBP-3 molar ratio with anthropometric measures in a large, United States
population-based study where these associations could also be stratified by race/ethnicity and gender.

Methods—The study population consisted of 3168 women and 2635 men (44% non-Hispanic white,
28.2% non-Hispanic black and 27.7% Mexican-American). Anthropometric measures were obtained
by trained personnel in the NHANES mobile examination centers. IGF-1 and IGFBP-3 were
measured using immunoassays by staff at Diagnostic System Laboratories (DSL) Inc. (Webster, TX).
Associations of IGF-1, IGFBP-3 and IGF-1/IGFBP-3 molar ratio with anthropometric variables
across race/ethnicity and gender were evaluated using linear regression modeling.

Results—Body mass index (BMI) was inversely associated with IGF-1 levels across all of the race/
ethnicity and gender subgroups. In contrast, BMI, waist:hip ratio (WHR), and waist circumference
were positively associated with IGFBP-3 levels only in non-Hispanic black men and non-Hispanic
white women. The IGF-1/IGFBP-3 molar ratio was inversely associated with all anthropometric
measures, except height, in all subgroups of the population.

Conclusion—The significant inverse associations of BMI with IGF-1 levels and of all
anthropometric variables, except height, with the IGF-1:1GFBP-3 molar ratio in all subgroups do not
support existing hypotheses that associations of excess weight with negative health outcomes, such
as specific cancer diagnoses, are mediated through high IGF-1 levels.
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Introduction

Recent analysis of data collected from the National Health and Nutrition Examination Survey
(NHANES) conducted in 2003-2004 demonstrated that there are significant differences in the
prevalence of obesity by race/ethnicity in the US population. In this study, 30% of non-Hispanic
Whites, 36.8% of Mexican Americans, and 40% of non-Hispanic Black adults were obese as
determined by measurement of body mass index (BMI, a measure of weight relative to height)
(1). Obesity is associated with many health risks and, among them, increased risk of developing
certain types of cancers and increased mortality related to these cancers. Specifically, high
BMI has been associated with increased risk and mortality of breast (postmenopausal),
endometrial, esophageal, colon, and kidney cancers (2-6). High BMI also has been associated
with prostate cancer aggressiveness and mortality (7).

The biological mechanisms linking obesity with increased cancer risk and/or mortality are not
fully understood and many hypotheses have been generated to explain this association. One of
these hypotheses is that a persistent state of high insulin-like growth factor 1 (IGF-1) levels
may be associated with excess weight and promote multiple aspects of tumorigenesis (8). In
both in vitro and animal models, IGF-1 signaling has been shown to increase cell proliferation,
angiogenesis, metastasis, and cell survival (9). Furthermore, numerous epidemiology studies
have shown that high serum levels of IGF-1 correlate with increased cancer risk, including
prostate (10-12), colon (13-15), ovarian (16,17), and premenopausal breast cancer (18,19).
Therefore, high IGF-1 levels have been associated both with cancers where there is strong
evidence that obesity may play a role in the development and/or aggressiveness of the cancer
(e.g., prostate and colon cancer) and also with cancers where the association with obesity is
less clear (e.g., ovarian cancer) or even protective (e.g. premenopausal breast). It is possible
that IGF-1 levels may mediate part of the association of anthropometric risk factors with cancer
risk and other health outcomes.

Several prior studies have examined the association of IGF-1 levels with various
anthropometric measures; however, the results have been mixed (20-27). For most of these
studies the populations have been relatively homogeneous or the sample sizes too small to
examine these associations stratified by race/ethnicity and gender. Therefore, the goals of the
analyses presented here were to assess the relationship between IGF-1, IGFBP-3 and the IGF-1/
IGFBP-3 molar ratio and anthropometric factors in a large, US population-based study where
it could be determined if the associations vary across race/ethnicity and gender. These analyses
were conducted using data from a subset of the population of the Third NHANES (NHANES
I11) that was carried out from 1988-1994. We previously published on analyses from these
population-based data and showed differences in IGF-1, IGFBP-3 and the IGF-1/IGFBP-3
molar ratio by race/ethnicity (28). We now expand these analyses to determine if the
associations between a variety of anthropometric factors and IGF-1, IGFBP-3 and the IGF-1/
IGFBP-3 molar ratio differ by race/ethnicity and gender.

Methods and Procedures

This study population is 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 (29). The
survey, carried out from 1988-1994, included questionnaires, serum collection, and physical
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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% (30).

IGF-1 and IGFBP-3 were measured using Diagnostic System Laboratories (DSL, Inc.,
Webster, TX) IGF-1 ELISA (Cat. # 10-5600) and IGFBP-3 IRMA (Catalog # 6600). The IGF-1/
IGFBP-3 molar ratio was calculated using a conversion of 1 ng/ml IGF-1 =0.13 nM IGF-1
and 1 ng/ml IGFBP-3 = 0.036 nM IGFBP-3, which results in multiplying the IGF-1/IGFBP-3
ratio by a constant of 3.61 to arrive at the molar ratio. Prior to measuring IGF-1 and IGFBP-3
in the entire sample of 5803 subjects, extensive evaluation of assay performance was conducted
(31). These quality control studies demonstrated that assay batch, day of run, and freeze-thaw
cycle can affect the reported IGF-1 or IGFBP-3 concentration. The IGF-1 and IGFBP-3 values
reported here are from aliquots that were shipped directly to the National Center for Health
StatisticsyNHANES collection center and stored in liquid nitrogen. The assays were performed
by a single technician and with a single batch of reagents. 10% blinded quality controls samples
were in each batch and monitored throughout the laboratory assays. Samples were assayed in
duplicate and repeated if the coefficient of variation was greater than 15% from a single vial.

Anthropometric measures were obtained in the Mobile Examination Centers (MEC) from
trained interviewers with a standardized protocol and skill level. Anthropometric measures
included height, weight, four measures of skin fold thickness (triceps, subscapular, supriliac,
and thigh), and waist and hip circumferences and percent body fat. Percent body fat was
obtained through bioelectrical impedance analysis (32). Additional data from the NHANES
records concerning respondent’s age, gender, race/ethnicity, and education was extracted. To
account for the complex survey design used in NHANES I11, data were analyzed using
SUDAAN (33), following recommendations discussed in Korn and Graubard (34).

Analysis of variance was used to detect differences in age and anthropometric variables across
race/ethnicity for each gender and to detect differences in IGF-1, IGFBP-3 or the molar ratio
across deciles of BMI. Regression analyses were used to determine the association of IGF-1,
IGFBP-3 and IGF-1/IGFBP-3 molar ratio with anthropometric measures. In the analyses
presented here, age is a linear variable. Age was modeled as a cubic and quadratic term to
evaluate non-linear relationships, however, for the associations presented here, there was little
influence on the results. In addition, models were adjusted for confounders such as smoking
(current, former, never) and stratified on menopausal status (age <50 or 50+) were evaluated.
These additional models did not substantially change the results preesented. Therefore, a more
straight-forward model including adjusting for age and stratifying by race/ethnicity and gender
was used for all analyses. The regression coefficients are presented Age-adjusted least-square
means of IGF-1, IGFBP-3 and the IGF-1/IGFBP-3 molar ratio were estimated by deciles of
BMI (weighted to the NHANES study population) and stratified by race/ethnicity and gender.
Significance for all analyses was determined at p<0.05.

For these analyses, data from a subset of the NHANES 111 population including 1156 non-
Hispanic white men, 702 non-Hispanic black men, 777 Mexican-American men and 1400 non-
Hispanic white women, 939 non-Hispanic Black women, and 831 Mexican-American women
were examined. Mean age, anthropometric measures, and biomarker concentrations for each
subgroup of the study population are presented in Table 1. Mean age was significantly different
across all race/ethnicity subgroup comparisons for each gender. Among men, Mexican-
Americans were shorter and weighed less than non-Hispanic whites or blacks. Non-Hispanic
blacks had a lower sum of skinfolds and waist-to-hip ratio (WHR) than the other two subgroups
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and non-Hispanic whites had the highest waist circumference. With regard to biomarker
measures, Mexican-American men had the lowest levels of IGF-1. Non-Hispanic black men
had among the highest levels of IGF-1 and the lowest levels of IGFBP-3, resulting in this group
have the highest IGF-1:1GFBP-3 molar ratio.

Among women, all three subgroups were significantly different from each other for height and
percent body fat, while non-Hispanic black women weighed more than non-Hispanic whites
or Mexican-Americans. Non-Hispanic white women had a lower BMI, sum of skin folds,
WHR, and waist circumference than the other two groups of females. Similar to the males,
Non-Hispanic black women had the highest IGF-1:1GFBP-3 molar ratio due to high IGF-1
levels and low IGFBP-3 levels when compared to the other groups.

Given the significant differences in anthropometric measures and IGF-1, IGFBP-3, and IGF1/
IGFBP-3 molar ratio between the groups shown in Table 1, we stratified our subsequent
analyses by race/ethnicity and gender, while also adjusting for age. We found that the
relationships between levels of IGF-1, IGF-BP3, and IGF-1/IGFBP-3 molar ratio and
anthropometric measurements did vary by race/ethnicity and gender (Table 2). BMI was
inversely associated with IGF-1 levels in all population groups, while waist-to-hip ratio (WHR)
and waist circumference were inversely associated with IGF-1 levels in all groups except non-
Hispanic black men and Mexican-American females. Percent body fat was inversely associated
with IGF-1 levels in all groups of women, as was sum of skin folds except for non-Hispanic
Black women. While, among men, only Mexican-Americans had a significant inverse
association with sum of skin folds and only Non-Hispanic white men exhibited a significant
inverse association with percent body fat. Height was positively associated with IGF-1 levels
only in Mexican-Americans, both male and female. Interestingly, none of the anthropometric
measures, other than BMI, were associated with IGF-1 levels in non-Hispanic Black Men and
the lower 95% confidence bound for the BMI regression coefficient was —0.09.

Among women, all three subgroups exhibited significant inverse associations of BMI and
percent body fat with IGF-1 levels. The significant inverse association of WHR with IGF-1 in
non-Hispanic black women but not Mexican-Americans is also interesting because these two
groups did not have statistically different mean WHR, yet the estimates of the regression
coefficients and 95% CI reflect notable differences in this relationship between the two
subgroups. Height was positively associated with IGF-1 levels only in Mexican-Americans,
both male and female.

The pattern of IGFBP-3 association with anthropometric variables also showed great variation
by race/ethnicity and gender (Table 3). In non-Hispanic Black men, IGFBP-3 levels were
positively associated with all anthropometric measures, except height. The only other
statistically significant association among men was the positive relationship of height with
IGFBP-3 in Mexican-American men. Among women, non-Hispanic whites showed a
significant positive association of IGFBP-3 levels with BMI, WHR, and waist circumference.
WHR also was positively associated with IGFBP-3 in non-Hispanic Black women, while
height was positively associated in both non-Hispanic Black and Mexican-American women.
In contrast, inverse associations of the IGF-1/IGFBP-3 molar ratio with anthropometric
variables were mostly consistent across all race/ethnicity and gender groupings (Table 4);
however, there was still a great deal of variation in the regression coefficients, especially among
women when examining BMI, WHR and percent body fat.

The analyses of the association of IGF-1, IGFBP-3, and the IGF-1/IGFBP-3 molar ratio with
WHR by race/ethnicity and gender were repeated including BMI in the model to determine if
adjustment for overall adiposity (i.e. BMI) altered the association with central adiposity or fat
distribution pattern, as measured by WHR. When including both BMI and WHR in the same
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model, the significance of the association of WHR with IGF-1 and IGFBP-3 was largely
attenuated in most groups. For BMI, the significance of the association with IGF-1 levels in
non-Hispanic white and Mexican-American men and with IGFBP-3 levels in non-Hispanic
white women was attenuated when WHR was added to the model. However, when examining
the IGF-1/IGF-BP-3 molar ratio, the significance of the associations with both BMI and WHR
remained in all populations after mutual adjustment, with the exception of WHR for Mexican-
American males and females.

Prior reports of the association of IGF-1 levels with BMI suggested a peak near or in the
overweight range (BMI of 24-27) in both men and women (20,23,26,35). We sought to
determine if this observation would be evident in this large population-based study by
examining IGF-1 levels by BMI deciles (Table 5). The BMI deciles were weighted to the
NHANES Il population and the analyses were age-adjusted. Overall, the decrease in IGF-1
across BMI deciles was more pronounced among women. Among men, a general decrease in
IGF-1 by BMI deciles was also seen but the difference across BMI deciles reflected by the p
value was largely from the comparison of the highest BMI decile to the other deciles. Across
all deciles of BMI, non-Hispanic Black men and women had the highest IGF-1 levels. IGFBP-3
levels slightly increased across BMI deciles for non-Hispanic white and black men, while
largely remaining the same across BMI deciles for the other subgroups (data not shown). Since
increasing BMI was associated, with decreasing IGF-1 and slightly increasing or little change
in IGFBP-3, all groups showed a significant inverse association of the IGF-1/IGF-BP-3 molar
ratio with BMI (data not shown). Consistent with the mean measures in Table 1, Non-Hispanic
black men and women had the highest IGF-1/IGFBP-3 molar ratio across all deciles of BMI
by race/ethnicity and gender.

Discussion

These data demonstrate an inverse association of IGF-1 levels with BMI. The inverse
association of BMI with IGF-1 has been reported or suggested previously from smaller studies,
many of which focused predominantly on participants of Caucasian background and/or on one
gender (19-26,36,37). We were able to replicate this finding in a much larger study population
and also to examine this association by race/ethnicity and gender. The inverse association is
consistent in all populations in our study.

Conversely, BMI and other measures of adiposity were positively associated with IGFBP-3
levels in non-Hispanic black men but not in the other subgroups of men. These results, in this
study population in which all subgroups of men had the same mean BMI, demonstrate the
association of BMI with IGFBP-3 levels is differentially modulated across race/ethnicity in
men. Similarly, mean percent body fat was the same across all three male subgroups yet there
was a significant inverse association of this measure with IGF-1 levels only in the non-Hispanic
white men and a significant positive association with IGFBP-3 levels only in non-Hispanic
black men. Most prior studies have focused on BMI as a measure of adiposity (19-26,36,37).
We further extended these studies to examine other measures of adiposity, including sum of
skin folds, WHR, waist circumference, and percent body fat. BMI, WHR, and waist
circumference were the measures most consistently inversely associated with IGF-1 levels,
thereby, demonstrating that IGF-1 levels are related to both overall and central adiposity, with
the exception of non-Hispanic black men. Adjusting for WHR and BMI in the same model
mutually attenuated some associations; however, for IGF-1 and IGFBP-3 these changes were
not consistent across race/ethnicity and gender. Both BMI and WHR were significantly
inversely associated with the IGF-1/IGFBP-3 molar ratio after mutual adjustment in all
subgroups except for Mexican-American males and females where the association with WHR
was no longer significant. Therefore, in non-Hispanic white and black subgroups, BMI and
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WHR each exhibit independent significant inverse associations with IGF-1:1GFBP-3 molar
ratio.

The strengths of this study include that the population is from a large nationally-representative
sample of the United States population and therefore the results have greater external validity
than studies of more selected populations. The composition and size of the study population
provided us with the opportunity to stratify our analyses by race/ethnicity and gender. We were
able to confirm prior observations regarding the relationship between BMI and IGF-1 levels
that were reported in smaller studies and also demonstrate that the association is largely
consistent across race/ethnicity and gender in this population. Also, in this study,
anthropometric measures were obtained from highly trained and standardized interviewers
rather than from self-report and percent body fat was obtained by bioelectrical impedance
analysis (32). IGF-1 and IGFBP-3 assays were performed following rigorous evaluation of
assay performance and multiple measures were taken to ensure assay accuracy and
reproducibility. These efforts included employing a dedicated laboratory technician to run all
assays, preparation of one batch of reagents for the duration of the study, and selection of
aliquots that were carefully stored. Therefore, the accurate measurements of anthropometric
measures, as well as IGF-1 and IGFBP-3 concentrations, and the large population should
minimize any potential for bias.

A limitation of this study is that it is cross-sectional and our results are based on total circulating
IGF-1 levels. IGF-1 levels are routinely assessed in the clinic and in large epidemiology studies
using immunoassays that detect total IGF-1 in circulation. However, circulating levels may
not reflect the levels present locally in tissue. We are unable to assess these localized tissue
concentrations in our study. Furthermore, free IGF-1 is the bioactive form of the protein, and
recent studies have shown an association of free IGF-1, but not total IGF-1, with health
outcomes (38,39). Methods to measure free IGF-1 are not yet amenable to large epidemiology
studies. The IGF-1/IGFBP-3 ratio, as a surrogate measure of free IGF-1, was incorporated into
our analyses. IGFBP-3 is bound to the majority, approximately 80%, of IGF-1 in circulation
(40,41). The IGF-1:1GFBP-3 molar ratio has been suggested to be a reasonable approximation
of free IGF-1 levels as the direction of change of the molar ratio, under normal physiological
conditions, mirrors the direction of the change of free IGF-1 levels (42). However, it has also
been shown that free IGF-1 can be influenced by the levels of other IGFBPs (41).

The highest decile of BMI also had the lowest levels of IGF-1 with this decrease being more
pronounced across deciles in women. Concomitantly, there also was a decrease in
IGF-1:1GFBP-3 molar ratio across BMI deciles for all subgroups of the population. The
decrease in the IGF-1:IGFBP-3 molar ratio is largely reflective of the IGF-1 measurements as
the IGFBP-3 measurements exhibited little change or only a slight increase across BMI deciles,
which is consistent with prior publications of IGFBP-3 and BMI (8,36,42). These data are
contradictory of the hypothesis that the associations of certain health outcomes such as cancer
risk and mortality with obesity are mediated by high IGF-1 levels. In the NHANES Il1
population, and in other reports, the most extreme BMI cut points are associated with the lowest
IGF-1 levels. Others have hypothesized that the levels of free IGF-1 increase with body weight
until athreshold is reached that triggers a negative feedback loop. This negative feedback would
suppress growth hormone secretion, which in turn would result in decreased IGF-1 production
in the liver, the major site of IGF-1 synthesis in the human body (40). The data presented here
support this hypothesis in that the individuals in the highest decile of BMI have, on average,
the lowest levels of IGF-1.

Inrodent models, high IGF-1 levels are associated with diabetes and obesity (43-45). However,
the rodent models may not capture the complexity of the human system with respect to IGF-1
regulation by excess body weight maintained over a period of many years. The proposed
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negative feedback loop whereby high body weight results in downregulation of IGF-1 in
humans (40) may be a phenomenon that occurs only after the individual has maintained the
higher body weight for a period of time. This negative regulation with increasing body weight
is notevidentin the rodent models. However, rodentand human studies are consistent regarding
caloric restriction modulating a decrease in IGF-1 levels (37,46,47). More research is needed
to understand the different pathways that modulate the IGF axis with respect to aspects of
energy balance (e.g. caloric restriction and excess body weight) and to understand the
limitations and strengths of the animal models.

As noted in our prior publication (28), results from this NHANES 111 subpopulation
demonstrate racial/ethnic differences in the IGF axis and we extend these studies to examine
racial/ethnic differences in the associations of anthropometric measures with IGF-1, IGFBP-3
and the IGF-1:1GFBP-3 molar ratio. There are racial/ethnic differences in the prevalence of
obesity (1) and in the prevalence of certain cancers (e.g. colon, prostate, and premenopausal
breast) (48) that have been associated with high IGF-1 levels (11,15,19,49-52). In this study,
we sought to determine if racial/ethnic variation in the associations of anthropometric measures
with levels of IGF-1, IGFBP-3 or the IGF-1:IGFBP-3 molar ratio exist and could be a starting
point for exploring the hypothesis that these differences may be a contributing factor to the
disproportionate diagnosis of specific cancers that also been associated with high IGF-1 levels.
We found that, across all deciles of BMI, non-Hispanic black men and women had the highest
levels of IGF-1 and IGF-1/IGFBP-3 molar ratio. In addition, in all subgroups of the population,
BMI was inversely associated with IGF-1 levels and all anthropometric measures, except
height, were inversely associated with the IGF-1:IGFBP-3 molar ratio. Although the molar
ratio data were relatively consistent across subgroups, differences in the associations of
anthropometric measures with IGF-1 and IGFBP-3 across race/ethnicity and gender do exist,
especially with IGFBP-3 levels in non-Hispanic black men. The differences in overall levels
of IGF-1 by race/ethnicity and the associations of IGF-1, IGFBP-3 and the IGF-1/IGFBP-3
molar ratio with anthropometric measures are interesting and suggest that the influence of
adiposity on circulating IGF-1 and IGFBP-3 levels may differ by race/ethnicity and gender.
Further evaluation of these differences with respect to subsequent health outcomes in these
subgroups is warranted.
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