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Abstract

Objectives—Bioavailable insulin-like growth factor (IGF)-I interacts with obesity and
exogenous estrogen in a racial disparity in obesity-related cancer risk, yet their interconnected
pathways are not fully characterized. We investigated whether circulating bioavailable IGF-I acted
as a mediator of the racial disparity in obesity-related cancers such as breast and colorectal (CR)
cancers and how obesity and estrogen use regulate this relationship.
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Methods—A total of 2,425 white and 164 African American (AA) postmenopausal women from
the Women's Health Initiative Observational Study were followed from October 1, 1993, through
August 29, 2014. To assess bioactive IGF-I as a mediator of race—cancer relationship, we used the
Baron-Kenny method and quantitative estimation of the mediation effect.

Results—Compared with white women, AA women had higher IGF-1 levels; their higher risk of
CR cancer, after accounting for IGF-1, was no longer significant. IGF-1 was associated with breast
and CR cancers even after controlling for race. Among viscerally obese (waist/hip ratio >0.85) and
overall non-obese women (body mass index <30), IGF-I was a strong mediator, reducing the racial
disparity in both cancers by 30% and 60%, respectively. In estrogen-only users and nonusers, IGF-
| explained the racial disparity in CR cancer only modestly.

Conclusions—Bioavailable IGF-I1 is potentially important in racial disparities in obesity-related
breast and CR cancer risk between postmenopausal AA and white women. Body fat distribution
and estrogen use may be part of the interconnected hormonal pathways related to racial difference
in IGF-I levels and obesity-related cancer risk.

Keywords
insulin-like growth factor-1; obesity; exogenous estrogen; mediation; postmenopausal women

Introduction

A racial disparity between African American (AA) and white postmenopausal women in the
risk of obesity-relevant cancer types is well documented for both reproductive cancers, such
as breast cancer, and non-reproductive cancers, including colorectal (CR) cancer.(1,2) For
example, during 2008-2012, overall breast cancer incidence rates increased among AA but
were stable among whites. In addition, among younger women (< 50 years), the incidence
increased slightly in whites (0.4% per year) and was stable in AA women, whereas among
older women (i.e., postmenopausal age), an increasing trend was observed only in AA
women.(3) CR cancer incidence is also disparate; during 2006-2010, its incidence in AA
was about 25% higher than it was in white women.(4)

Previous epidemiologic and clinical studies have suggested that free bioavailable insulin-like
growth factor-1 (IGF-I) is an important mediator of obesity-associated tumorigenesis (i.e., it
is a cancer-relevant biomarker) and that greater bioavailable IGF-1 is associated with greater
risk of obesity-related cancers, including breast and CR cancers.(5-11) Previous studies also
showed that these circulating IGF-I levels are higher in AA than in white postmenopausal
women (10,12); thus, this variation is plausibly related to the racial disparity in those
cancers. However, studies evaluating the role of IGF-I in the racial disparity in risk of those
cancers have not shown enough evidence to confirm this relationship. The findings are
inconsistent, mainly because of small samples sizes, different measures of IGF-I
concentration (e.g., total versus bioavailable IGF-1), and lack of consideration of interactions
with effect modifiers such as obesity and sex hormones.

As a crucial modifiable factor, obesity has been postulated to be a driver of IGF-I
production, given its association with the growth hormone (GH)-IGF axis.(13) However, the
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obesity—IGF-1 association is not simple, and it differs by race: it is nonlinear, rather closer to
an L shape, and in AA women, obesity is inversely related to the level of bioavailable IGF-I.
(9,10,12) The association between obesity and IGF-1 may also differ by body fat
distribution, such as overall obesity (measured by body mass index [BMI]) or abdominal
adiposity (measured by waist circumference and waist/hip ratio [W/H]).(8,14,15)

Additionally, in postmenopausal women, IGF and endogenous estrogen (E)receptors interact
in a synergistic cross-talk mechanism, inducing both receptors' signaling pathways and
resulting in the enhanced anabolic state necessary for tumor growth and development.
(16-19) Likewise, exogenous E in this population has been postulated to interact with
circulating IGF-I proteins to affect cancer risk. However, unopposed E (i.e., E only) has a
different effect than opposed E (i.e., E + progestin [P]) has on IGF-I production. Because of
first-pass effect induced by oral E resulting in suppressing hepatic production of IGF-I, E-
only users have lower IGF-1 levels and lower risk of breast and CR cancers than nonusers
have.(20-22) Due to non—progesterone-like effects, contrasting with the hepatocellular
effects of oral E on IGF-I production, E+P users, (compared with E-only users) have
different IGF-1 levels and cancer risk (22-25), although the precise mechanisms are
unknown. There are few studies evaluating the role of exogenous E in the racial disparity in
IGF-I levels and obesity-related cancer risk. Furthermore, to our knowledge, no study to date
has combined obesity and exogenous E as effect modifiers to evaluate the role of IGF-1 in
the racial disparity in risk of obesity-related cancers (breast and CR).

In this retrospective analysis, using secondary data from postmenopausal women in the
Women's Health Initiative Observation Study (WHI-OS), we therefore evaluated statistically
the role of free bioavailable IGF-1 as a mediator in the racial disparity in the risk of obesity-
related breast and CR cancers and determined how modifiable factors, such as obesity and
the use of exogenous E, regulate this relationship. We hypothesized that AA women,
compared with white women, have a greater risk of such cancers and that their higher IGF-I
levels mediate this racial disparity. In AA women, obesity and the use of exogenous E may
act as strong predictors of bioavailable IGF-1 and obesity-related breast and CR cancers.

Most studies evaluating cancer disparity in relation to IGF-1 in different racial groups
conducted subset analyses of one racial group or the other. This approach reduces the
statistical power with which to evaluate the main association, especially after accounting for
multiple other covariates in the models, owing to the decreased sample size resulting from
dividing the sample by race. To address this methodologic challenge, in this study, we
examined the mediation effect of IGF-I in relationship with the racial cancer disparity by
using two complementary statistical methods: a Baron-Kenny approach (26) and quantitative
estimation of a mediation effect.(26-28) Our findings may thus contribute to better
understanding of the role of IGF-1 as a mediator of the racial disparity in risk of obesity-
related cancers and emphasize the role of obesity and exogenous E in reducing this racial
disparity among postmenopausal women.

Menopause. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jung et al.

Methods

Page 4

Study population

The study included 2,589 postmenopausal women enrolled in the WHI-OS, a longitudinal
cohort of postmenopausal women, 50-79 years old, who had been recruited at 40 clinical
centers across the United States between October 1, 1993, and December 31, 1998. Details
on the WHI's rationale and design have been described elsewhere.(29) For the purposes of
our study, of the 93,676 women enrolled in the WHI-OS, we included only European-

American and AA women (n = 85,651) (Figure S1). Among these, 3,585 women who had

free bioavailable IGF-I concentrations (obtained after at least 8 hours' fasting) available at
baseline (i.e., screening or first annual visit) were included. After excluding women (n =
659) who had been followed up for less than 1 year or those diagnosed with any cancer at
enrollment, we had 2,926 participants. We excluded another 337 women for whom
information regarding covariates was not available, leaving a final total of 2,589 women
(89% of the 2,926). The participants had been followed up through August 29, 2014 (758
[29% of white and 32% of AA women] breast cancer patients, and 365 [14% of white and
23% of AA women] CR cancer patients). This study was approved by the institutional
review boards at the University of California, Los Angeles.

Data collection and outcome variables

Standardized written protocols were used to ensure uniform data collection. At baseline,
participants completed self-administered questionnaires on demographic (age, race,
education, marital status, and family history of cancer) and lifestyle factors (physical
activity, smoking status, alcohol intake, and diet) and their medical (cardiovascular disease
[CVD], diabetes, hypertension, and hypercholesterolemia) and reproductive (oral
contraceptive and exogenous E use, history of hysterectomy or oophorectomy, and ages at
menarche and menopause) histories. Anthropometric measurements, including height,
weight, and waist and hip circumferences were measured at baseline by trained staff. Of 32
variables initially selected from a literature review for their associations with race, IGF-I,
and obesity-related cancers including breast and CR cancers, after multicollinearity testing
and univariate and stepwise regression analyses, we finally selected 24 variables for this
study.

Cancer outcomes were formally determined through a centralized review of medical charts
and cancer cases were coded according to the National Cancer Institute's Surveillance,
Epidemiology, and End-Results guidelines.(30) The outcome variables were the specific
cancer type (obesity-relevant, breast, and CR) and the time to develop such cancer. Obesity-
relevant cancers included any of nine cancer types (reproductive cancers: breast,
endometrial, and ovarian; and non-reproductive cancers: CR, kidney, esophageal, gastric,
pancreatic, and hepatic).(1,2) The time in days from enrollment to cancer development,
censoring, death, or study end point were recorded and converted into years.

Laboratory methods

Fasting blood samples were collected from each participant at baseline by trained
phlebotomists and immediately centrifuged and stored at —70°C. Serum IGF binding protein
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(BP)-3 and bhoth total and free bioavailable IGF-I concentrations were determined using an
enzyme-linked immunosorbent assay kit (Diagnostic Systems Laboratories, Webster, TX),
with coefficients of variation of 2.2% for IGFBP-3, 3.5% for total IGF-1, and 16.4% for free
IGF-1. The correlation coefficients of values were high (IGFBP-3, R2 = 0.98; total IGF-I, R?
=0.98; free IGF-I, R2 = 0.91). For our analysis, we used the level of free bioavailable IGF-1
and replaced missing data with the molar ratios of total IGF-1/IGFBP-3.(31)

Statistical analysis

Differences in baseline characteristics between the white and AA women were assessed
using unpaired two-sample ftest for continuous variables and chi-square test for categorical
variables. If continuous variables were skewed or had outliers, Wilcoxon's rank-sum test was
implemented. Multicollinearity was evaluated by using the coefficient of multiple
determination, tolerance, and variance-inflation factors for each covariate, using the
remaining covariates as its predictors; no significant multicollinearity was identified.

Multiple linear regression with the regression assumptions to be met was conducted to
produce the effect sizes of race (AA versus white women) and potential effect modifiers
(obesity and exogenous E use) for bioavailable IGF-I. Cox proportional hazards regression
model was performed to yield hazard ratios (HRs) and 95% confidence intervals (Cls) for
race, IGF-1, and effect modifiers on obesity-relevant, breast, and CR cancers. The
proportional hazard assumption was tested via a Schoenfeld residual plot and rho.

To assess bioavailable IGF-1 as a mediator of the race—cancer risk relationship, we applied
two approaches: 1) Baron-Kenny approach (26,32) and 2) computation of the mediation
effect (i.e, indirect effect) directly from a delta method using Structural Equation Modeling
(SEM) (28), along with the percentage change in the HRs.(26,27) According to the Baron-
Kenny approach, the formal analysis to detect a mediation effect, follows from the definition
of a mediator: Variable M is considered a mediator if 1) X (the independent variable, i.e.,
race in this study) significantly predicts Y (the outcome of interest, i.e., cancer risk in this
study), 2) X significantly predicts M (potential mediator, i.e., IGF-I in this study), and 3) M
significantly predicts Y, controlling for X.(26,32-34) These criteria are assessed by
estimating the following system of equations:

Y=i1+cX 1)

M=ir+aX (2)

Y=ist+c X+bM  (3)

where 1 is an intercept coefficient.(32,34)
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In our study, the first step (path c) of the Baron-Kenny approach was to test the hypothesis
that AA women have higher risk of cancers than white women; the second step (path a) was
to evaluate the association between AA (compared with whites) women and IGF-1. The third
and final step (path b) was to assess whether IGF-I levels were significantly associated with
cancer risk after accounting for race.

However, those steps can be affected by type Il errors and cannot estimate the amount or test
the significance of the mediation effect.(26) Thus, to estimate and test for the significance of
the pathway of racial disparity in cancer risk through IGF-I (28), we performed a delta
method, which is very conservative when it falsely presumes a symmetric distribution, via
SEM using Mplus software. Additionally, we calculated the proportional change in the HRs
for the race—cancer risk relationship by comparing a model that includes all covariates with a
model that includes all covariates and IGF-1.(26,27) A two-tailed P value < 0.05 was
considered statistically significant. R (v 2.15.1) was used.

Baseline characteristics of participants between white and AA women are presented in Table
1. Compared with white women, AA women were younger, less educated, less likely to be
married and to have a family history of cancer, and they were more likely to have comorbid
conditions (CVD, diabetes, and hypertension ever), a history of hysterectomy or
oophorectomy, and later menopausal transition. AA women were less likely to use
exogenous estrogen and to meet the physical activity and dietary guidelines, and they were
more likely to be obese (overall [BMI] and viscerally [waist circumference and W/H]) and
to have higher bioavailable IGF-I levels.

Breast cancer: mediation effect of bioavailable IGF-I in racial disparity, stratified by obesity
status (BMI; waist; W/H) and exogenous E usage (nonusers; E only; E+P)

We first examined the overall mediation effect of IGF-I on the racial disparity of breast
cancer risk between AA and white women using the three-step Baron and Kenny approach.
The racial disparity in breast cancer risk (step 1 = path c) was not significant (HR = 1.25,
95%Cl, 0.92-1.68), and AA women had higher IGF-1 levels than white women (step 2 =
path a; effect size = 0.12, 95%ClI, 0.07-0.17); women who had higher IGF-I levels were
50% more likely to have breast cancer (step 3 = path b; HR = 1.49, 95%Cl, 1.20-1.85).
Comparing the step-1 model, the introduction of IGF-1 into the model (i.e., step-3 model)
reduced the racial disparity by 29% (HRithout 1GE-1 = 1.25 VS. HRyith 16e-1 = 1.18; P <0.05
using the bootstrapping method), indicating that IGF-1 mediates the racial disparity in breast
cancer risk to a modest degree (Figure S2).

We next explored obesity status with different types of adiposity measures (i.e., BMI, waist,
and W/H) for its contribution as an effect modifier on the racial disparity in breast cancer
risk, which could have been mediated by IGF-1 (Table 2). Even though the racial disparity in
breast cancer was not significant (paths ¢ and ¢’), AA women tended to have higher breast
cancer risk across obesity status. Notably, the racial difference in IGF-I levels (path a) in the
overall non-obese group (BMI <30) was greater than it was in the overall obese group (BMI
>30). This pattern was reversed when stratified by W/H: in the non-obese group (W/H
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<0.85), the racial difference in IGF-1 levels was smaller than it was in the obese group (W/H
>0.85). We also evaluated the association between obesity status and IGF-I, stratified by race
(Table S1), and found that IGF-I levels in white women increased as BMI and W/H
increased. However, in AA women, IGF-I levels decreased as BMI increased, but increased
as W/H increased. This may explain the smaller racial difference in IGF-I levels in the
overall obese group (BMI =30) than in the overall non-obese group (BMI <30) and the
larger racial difference in IGF-I levels in the viscerally obese group (W/H >0.85) compared
with those in the viscerally non-obese group (W/H <0.85).

Additionally, higher IGF-1 levels were associated with breast cancer risk (path b). In path ¢,
introduction of IGF-1 in the model evaluating the association between race and breast cancer
(indirect, mediation effect = a*b) produced a greater reduction of racial disparity (i.e.,
reduction of the HR of IGF-I level on breast cancer) in the overall non-obese group (a*b =
0.07; Proportion explained = 59%) than it did in the overall obese groups (a*b = 0.03;
Proportion explained = 6%), but in the W/H-stratified groups, the effect of IGF-I on racial
disparity were not apparently different.

We then explored IGF-I's role in the race-breast cancer relationship by exogenous E usage
(nonusers; E only; E+P) (Table 3). The racial disparity in IGF-1 levels was smallest in the
nonusers and largest in the E+P users because the AA women who used E+P had higher
IGF-1 levels than the nonusers had, whereas the white women who used E+P had lower IGF-
I levels than the nonusers had (Table S1). This also contributed to a lesser mediation effect
(a*b = 0.05; 17%) of IGF-I on racial disparity in breast cancer risk in nonusers than in E+P
users. Next, in path ¢, among nonusers, AA women were more likely than white women to
have higher breast cancer risk, whereas among E+P users, AA women were less likely to
have breast cancer risk, although those differences were not significant. Among the E+P
users, although the higher IGF-I levels in AA women reduced the breast cancer risk disparity
(HRwithout 1GF-1 = 0.83 vs. ORyith 1cr-1 = 0.76), this cannot explain the higher breast cancer
risk in white women. This opposite pattern of racial risk (higher breast cancer risk in white
than in AA women) in E+P users may be due to a confounding effect of E+P, suggesting that
AA women are less likely than white women to use E+P (Table S2) and that E+P users are
more likely than nonusers to develop breast cancer (Table S3).

CR cancer: mediation effect of bioavailable IGF-I on racial disparity, stratified by obesity
status (BMI; waist; W/H) and exogenous E usage (nonusers; E only; E+P)

In contrast to our findings relative to breast cancer, the racial disparity in CR cancer risk was
significant (HR = 1.47, 95% Cl, 1.02-2.12). AA women had higher IGF-1 levels (effect size
=0.12, 95% CI, 0.07-0.17), but after adjusting for IGF-I, the disparity in CR cancer risk was
no longer significant (HR = 1.30, 95% CI, 0.90-1.88), with the risk reduced by 37% (P =
0.002, using the bootstrapping method).

When we assessed the role of IGF-1 in the racial disparity in CR cancer risk, stratified by
obesity status with different types of adiposity measures, we observed results similar to
those we found for breast cancer risk (Table 4): introduction of IGF-I into the association
between race and CR cancer produced a greater reduction in racial disparity (i.e., reduction
of the HR of IGF-I level on CR cancer) in the overall non-obese group (a*b = 0.15; 61%)
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than it did in the overall obese groups (a*b = 0.04; 20%). However, in the W/H-stratified
groups, the effect of IGF-1 on racial disparity in risk of CR cancer among obese group (W/H
>0.85) was greater than it was among non-obese group (W/H <0.85).

When compared with our results in breast cancer, we found that the role of IGF-I in the
racial disparity in CR cancer differed among exogenous E users (Table 5): a greater
mediating effect of IGF-1 on the racial disparity in CR cancer was found in nonusers or E-
only users (a*b, 0.10 in nonusers; 0.11 in E-only users) than in E+P users (a*b = 0.02). In
path c, racial disparity in CR cancer risk was observed in nonusers; thus, IGF-1 may act as a
mediator of that racial disparity in those women. Additionally, given that among E+P users,
AA women had higher IGF-I levels and CR cancer risk than white women had (even if the
results were not significant), the racial disparity in CR cancer risk was not affected by E+P's
confounding effect on the associations among race, E+P usage, and CR cancer risk (Table
S4).

Finally, we analyzed the racial disparity in the risk of any of nine types of obesity-related
cancer that could be mediated by IGF-1; the results were similar to those we found for CR
cancer (Tables 6 and S5). In addition, for each cancer, when obesity status was stratified by
usage of exogenous E, the results were not significantly different.

Discussion

In this retrospective study of a large cohort of postmenopausal women, we found that
compared with white women, AA women had higher bioavailable IGF-1 levels and their
higher risk of CR cancer, after accounting for IGF-I, was no longer significant. IGF-I levels
were associated with breast and CR cancers even after controlling for race. Further, when
stratified by obesity status, bioavailable IGF-1 among viscerally obese and overall non-obese
groups was a statistically strong mediator, reducing the racial disparity in obesity-relevant
breast cancer risk by 30% and CR cancer risk by 60%. In addition, when stratified by
exogenous E use status, among E+P users, the higher IGF-I levels in AA women mediated
the racial disparity in breast cancer risk, whereas among nonusers and E-only users, the
racial differences in IGF-I accounted for the racial disparity in CR cancer risk. To our
knowledge, this is the first study to combine obesity and exogenous E usage as effect
modifiers to evaluate the role of IGF-1 in mediating the racial disparity in the risk of obesity-
relevant cancers, including breast and CR cancers. We used two complementary statistical
methods together to assess the effect of IGF-I as a mediator; this approach enabled us not
only to use our entire study population in the analysis but also to estimate directly the
mediation effect of IGF-I.

Obesity, specifically visceral obesity, is a central driver of bioavailable IGF-I through the
GH-IGF pathway and systemic effects such as hyperglycemia and insulin resistance.
(8,11,14,15,35) However, the obesity—IGF-1 relationship is not linear. For example, a
decreased IGF-I level was observed in obesity, possibly due to the negative feedback loop of
lower GH.(12) In addition, this relationship differs by race (12), probably depending on
body-fat distribution. Consistent with previous studies (9,12,36), our study showed that
obese white women had increased IGF-I levels regardless of fat-distribution pattern but that
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AA women had increased IGF-I levels in only visceral obesity, as measured via W/H; these
results suggest an important role of visceral adiposity, with its local (i.e., paracrine
secretions of pro-inflammatory factors) and systemic effect (14) on racial differences in
IGF-I levels. Further, in this study, the higher IGF-I levels in abdominally obese AA women
than their white counter parts strongly act as a mediator of the racial disparity in obesity-
related breast and CR cancer risk. This concurred with our hypothesis, indicating that the
association between IGF-I and racial cancer disparity interacts with obesity status with
different types of adiposity measures.

In addition, the interplay between IGF-I and estrogen acts synergistically in postmenopausal
women, up-regulating both receptors' downstream cellular cascades, thereby resulting in the
enhanced anabolic state necessary for tumor growth and development.(16-19) Similarly,
exogenous estrogen interacts with IGF-I to affect cancer risk, and the extent of this influence
may depend on the type of estrogen usage. E-only users than nonusers, have lower IGF-I
levels, owing to the first-pass metabolic effect of suppressed hepatic IGF-1 production. Users
of E+P, however, have different levels of IGF-1 and cancer risk due to non—progesterone-like
effects (i.e., different effect from natural progesterone) contrasting with the hepatocellular
effect of oral estrogen (20-25), but the mechanism is unclear. In this study, decreased IGF-I
levels in E-only users were observed in both AA and white women, but in E+P users, a
different pattern was shown; among AA women, users had higher IGF-1 levels than nonusers
had, while among white women, users had lower levels than nonusers had. This difference
explains the highest racial difference in IGF-1 levels in E+P users in relation to obesity-
related breast and CR cancer risk, and the higher IGF-I levels in AA than in white women in
this group explain the significant racial disparity in breast cancer risk. Interestingly, we
found that the white women in the E+P group—despite their lower IGF-1 levels—had a
higher risk of breast cancer than their AA counterparts had; this may be due to genetic (37)
and environmental factors such as diet (4,38,39) in addition to the confounding factor such
as E+P users that are associated with white women and higher risk of breast cancer. Overall,
these findings support our hypothesis that the association between IGF-1 and racial disparity
in obesity-related cancer is modified by exogenous E use status.

This study has limitations. We measured serum IGF-I levels only at baseline, which
prevented us from evaluating possible changes over time in circulating levels. We
acknowledge that long freezer storage of biological specimens might potentially lead to
degradation which could affect the measurements of the IGF-1. We could not substratify
women by transdermal vs. oral estrogen usage, but the small proportion (6%) of transdermal
users may not have affected the overall analytic results. This study evaluated the hypothesis-
driven questions retrospectively (i.e., non-randomized study) among postmenopausal
women; thus, the results could be prone to selection and information bias and limit the
generalizability to other populations. AA women made up only 6% of our study population,
which may lead to an increased risk of type Il errors. In addition, the self-reported basis of
race information may affect the biologic accuracy of race. About 80% of IGF-I proteins are
bound to IGFBP-3, and 19% of IGF-I is bound to other binding proteins, resulting in less
than 1% of IGF-I being free, which speaks to the bioactivity of IGF-I. We used the level of
free bioavailable IGF-I and replaced missing data with the molar ratios of total IGF-I/
IGFBP-3, which roughly represents bioavailable IGF-1.(31)
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Conclusions

In conclusion, our findings suggest that in postmenopausal women, bioavailable IGF-I
accounts for a substantial amount of the racial disparity in risk of obesity-related cancers
such as breast and CR cancers. Body-fat distribution and exogenous estrogen usage may
contribute to the connected hormonal pathways associated with the racial disparities in IGF-I
levels and obesity-related cancer risk, and further studies are needed to explore these
complicated mechanisms. Our findings may provide improved understanding of the role of
bioavailable IGF-I in explaining the racial disparity directly or indirectly in obesity-related
cancer risk and emphasize the potentially important roles of obesity and exogenous estrogen
usage in reducing the racial disparity in cancer risk among postmenopausal women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

Some of the data for this project were provided from The WHI program, which is funded by the National Heart,
Lung, and Blood Institute, National Institutes of Health, and U.S. Department of Health and Human Services
through contracts HHSN268201100046C, HHSN268201100001C, HHSN268201100002C,
HHSN268201100003C, HHSN268201100004C, and HHSN271201100004C.

Program Office: National Heart, Lung, and Blood Institute, Bethesda, MD: Jacques Rossouw, Shari Ludlam, Dale
Burwen, Joan McGowan, Leslie Ford, and Nancy Geller.

Clinical Coordinating Center: Fred Hutchinson Cancer Research Center, Seattle, WA: Garnet Anderson, Ross
Prentice, Andrea LaCroix, and Charles Kooperberg.

Investigators and Academic Centers: Brigham and Women's Hospital, Harvard Medical School, Boston, MA:
JoAnn E. Manson; MedStar Health Research Institute/Howard University, Washington, DC: Barbara V. Howard;
Stanford Prevention Research Center, Stanford, CA: Marcia L. Stefanick; The Ohio State University, Columbus,
OH: Rebecca Jackson; University of Arizona, Tucson/Phoenix, AZ: Cynthia A. Thomson; University at Buffalo,
Buffalo, NY: Jean Wactawski-Wende; University of Florida, Gainesville/Jacksonville, FL: Marian Limacher;
University of lowa, lowa City/Davenport, IA: Robert Wallace; University of Pittsburgh, Pittsburgh, PA: Lewis
Kuller; Wake Forest University School of Medicine, Winston-Salem, NC: Sally Shumaker.

Women's Health Initiative Memory Study: Wake Forest University School of Medicine, Winston-Salem, NC:
Sally Shumaker.

References

1. American Cancer Society. Cancer Facts & Figures for African Americans 2013-2014. American
Cancer Society, Inc.; 2013. http://www.cancer.org/acs/groups/content/ @epidemiologysurveilance/
documents/document/acspc-036921.pdf

2. Calle EE, Kaaks R. Overweight, obesity and cancer: epidemiological evidence and proposed
mechanisms. Nature reviews Cancer. 2004; 4(8):579-591. [PubMed: 15286738]

3. American Cancer Society. Breast Cancer Facts & Figures 2015-2016. American Cancer Society,
Inc.; 2015. http://www.cancer.org/acs/groups/content/ @research/documents/document/
acspc-046381.pdf

4. Tsai CJ, Giovannucci EL. Hyperinsulinemia, insulin resistance, vitamin D, and colorectal cancer
among whites and African Americans. Digestive diseases and sciences. 2012; 57(10):2497-2503.
[PubMed: 22562539]

Menopause. Author manuscript; available in PMC 2018 March 01.


http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036921.pdf
http://www.cancer.org/acs/groups/content/@epidemiologysurveilance/documents/document/acspc-036921.pdf
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-046381.pdf
http://www.cancer.org/acs/groups/content/@research/documents/document/acspc-046381.pdf

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jung et al.

10

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Page 11

. Perks CM, Holly JM. Hormonal mechanisms underlying the relationship between obesity and breast

cancer. Endocrinology and metabolism clinics of North America. 2011; 40(3):485-507. vii.
[PubMed: 21889716]

. Brown KA, Simpson ER. Obesity and breast cancer: mechanisms and therapeutic implications.

Front Biosci (Elite Ed). 2012; 4:2515-2524. [PubMed: 22652657]

. D'Esposito V, Passaretti F, Hammarstedt A, et al. Adipocyte-released insulin-like growth factor-1 is

regulated by glucose and fatty acids and controls breast cancer cell growth in vitro. Diabetologia.
2012; 55(10):2811-2822. [PubMed: 22798065]

. Doyle SL, Donohoe CL, Lysaght J, Reynolds JV. Visceral obesity, metabolic syndrome, insulin

resistance and cancer. The Proceedings of the Nutrition Society. 2012; 71(1):181-189. [PubMed:
22051112]

. Sexton KR, Franzini L, Day RS, Brewster A, \ernon SW, Bondy ML. A review of body size and

breast cancer risk in Hispanic and African American women. Cancer. 2011; 117(23):5271-5281.
[PubMed: 21598244]

. DeLellis K, Rinaldi S, Kaaks RJ, Kolonel LN, Henderson B, Le Marchand L. Dietary and lifestyle
correlates of plasma insulin-like growth factor-1 (IGF-1) and IGF binding protein-3 (IGFBP-3): the
multiethnic cohort. Cancer epidemiology, biomarkers & prevention : a publication of the American
Association for Cancer Research, cosponsored by the American Society of Preventive Oncology.
2004; 13(9):1444-1451.

Shimizu M, Kubota M, Tanaka T, Moriwaki H. Nutraceutical approach for preventing obesity-
related colorectal and liver carcinogenesis. International journal of molecular sciences. 2012;
13(1):579-595. [PubMed: 22312273]

Fowke JH, Matthews CE, Yu H, et al. Racial differences in the association between body mass
index and serum IGF1, IGF2, and IGFBP3. Endocrine-related cancer. 2010; 17(1):51-60.
[PubMed: 19786462]

Rasmussen MH. Obesity, growth hormone and weight loss. Molecular and cellular endocrinology.
2010; 316(2):147-153. [PubMed: 19723558]

Howe LR, Subbaramaiah K, Hudis CA, Dannenberg AJ. Molecular pathways: adipose
inflammation as a mediator of obesity-associated cancer. Clinical cancer research : an official
journal of the American Association for Cancer Research. 2013; 19(22):6074-6083. [PubMed:
23958744]

Stephenson GD, Rose DP. Breast cancer and obesity: an update. Nutrition and cancer. 2003; 45(1):
1-16. [PubMed: 12791499]

Richardson AE, Hamilton N, Davis W, Brito C, De Leon D. Insulin-like growth factor-2 (IGF-2)
activates estrogen receptor-alpha and -beta via the IGF-1 and the insulin receptors in breast cancer
cells. Growth Factors. 2011; 29(2-3):82-93. [PubMed: 21410323]

Casa AJ, Potter AS, Malik S, et al. Estrogen and insulin-like growth factor-1 (IGF-I) independently
down-regulate critical repressors of breast cancer growth. Breast cancer research and treatment.
2012; 132(1):61-73. [PubMed: 21541704]

Sarfstein R, Pasmanik-Chor M, Yeheskel A, et al. Insulin-like growth factor-1 receptor (IGF-IR)
translocates to nucleus and autoregulates IGF-IR gene expression in breast cancer cells. The
Journal of biological chemistry. 2012; 287(4):2766-2776. [PubMed: 22128190]

Yu Z, Gao W, Jiang E, et al. Interaction between IGF-IR and ER induced by E2 and IGF-I1. PloS
one. 2013; 8(5):62642. [PubMed: 23704881]

Anderson GL, Limacher M, Assaf AR, et al. Effects of conjugated equine estrogen in
postmenopausal women with hysterectomy: the Women's Health Initiative randomized controlled
trial. Jama. 2004; 291(14):1701-1712. [PubMed: 15082697]

Morimoto LM, Newcomb PA, White E, Bigler J, Potter JD. Insulin-like growth factor
polymorphisms and colorectal cancer risk. Cancer epidemiology, biomarkers & prevention : a
publication of the American Association for Cancer Research, cosponsored by the American
Society of Preventive Oncology. 2005; 14(5):1204-1211.

Rudolph A, Toth C, Hoffmeister M, et al. Colorectal cancer risk associated with hormone use
varies by expression of estrogen receptor-beta. Cancer research. 2013; 73(11):3306-3315.
[PubMed: 23585455]

Menopause. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jung et al.

23.

24.

25.

26.

27.

28.

29.

30.
3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Page 12

Campagnoli C, Clavel-Chapelon F, Kaaks R, Peris C, Berrino F. Progestins and progesterone in
hormone replacement therapy and the risk of breast cancer. The Journal of steroid biochemistry
and molecular biology. 2005; 96(2):95-108. [PubMed: 15908197]

Gunter MJ, Hoover DR, Yu H, et al. Insulin, insulin-like growth factor-I, endogenous estradiol, and
risk of colorectal cancer in postmenopausal women. Cancer research. 2008; 68(1):329-337.
[PubMed: 18172327]

Rossouw JE, Anderson GL, Prentice RL, et al. Risks and benefits of estrogen plus progestin in
healthy postmenopausal women: principal results From the Women's Health Initiative randomized
controlled trial. Jama. 2002; 288(3):321-333. [PubMed: 12117397]

MacKinnon DP, Fairchild AJ, Fritz MS. Mediation analysis. Annual review of psychology. 2007;
58:593-614.

Mackinnon DP, Warsi G, Dwyer JH. A simulation study of mediated effect measures. Multivariate
behavioral research. 1995; 30(1):41. [PubMed: 20157641]

Shrout PE, Bolger N. Mediation in experimental and nonexperimental studies: new procedures and
recommendations. Psychological methods. 2002; 7(4):422-445. [PubMed: 12530702]

The Women's Health Initiative Study Group. Design of the Women's Health Initiative clinical trial
and observational study. The Women's Health Initiative Study Group. Controlled clinical trials.
1998; 19(1):61-109. [PubMed: 9492970]

National Cancer Institute. SEER Program: Comparative Staging Guide For Cancer. Jun.1993

Ma J, Pollak MN, Giovannucci E, et al. Prospective study of colorectal cancer risk in men and
plasma levels of insulin-like growth factor (IGF)-1 and IGF-binding protein-3. Journal of the
National Cancer Institute. 1999; 91(7):620-625. [PubMed: 10203281]

Baron RM, Kenny DA. The moderator-mediator variable distinction in social psychological
research: conceptual, strategic, and statistical considerations. Journal of personality and social
psychology. 1986; 51(6):1173-1182. [PubMed: 3806354]

Judd CM, Kenny DA. Process analysis Estimating Mediation in Treatment Evaluations. Evaluation
Review. 1981; 5(5):602-619.

Preacher KJ, Hayes AF. SPSS and SAS procedures for estimating indirect effects in simple
mediation models. Behav Res Methods Instrum Comput. 2004; 36(4):717-731. [PubMed:
15641418]

Muc-Wierzgon M, Nowakowska-Zajdel E, Dziegielewska-Gesiak S, et al. Specific metabolic
biomarkers as risk and prognostic factors in colorectal cancer. World journal of gastroenterology.
2014; 20(29):9759-9774. [PubMed: 25110413]

Henderson KD, Goran MI, Kolonel LN, Henderson BE, Le Marchand L. Ethnic disparity in the
relationship between obesity and plasma insulin-like growth factors: the multiethnic cohort.
Cancer epidemiology, biomarkers & prevention : a publication of the American Association for
Cancer Research, cosponsored by the American Society of Preventive Oncology. 2006; 15(11):
2298-2302.

Jernstrom H, Chu W, Vesprini D, et al. Genetic factors related to racial variation in plasma levels of
insulin-like growth factor-1: implications for premenopausal breast cancer risk. Molecular genetics
and metabolism. 2001; 72(2):144-154. [PubMed: 11161840]

Romieu I, Ferrari P, Rinaldi S, et al. Dietary glycemic index and glycemic load and breast cancer
risk in the European Prospective Investigation into Cancer and Nutrition (EPIC). The American
journal of clinical nutrition. 2012; 96(2):345-355. [PubMed: 22760570]

Deschasaux M, Zelek L, Pouchieu C, et al. Prospective association between dietary fiber intake and
breast cancer risk. PloS one. 2013; 8(11):e79718. [PubMed: 24244548]

Haskell WL, Lee IM, Pate RR, et al. Physical activity and public health: updated recommendation
for adults from the American College of Sports Medicine and the American Heart Association.
Med Sci Sports Exerc. 2007; 39(8):1423-1434. [PubMed: 17762377]

McTiernan A, Kooperberg C, White E, et al. Recreational physical activity and the risk of breast
cancer in postmenopausal women: the Women's Health Initiative Cohort Study. JAMA. 2003;
290(10):1331-1336. [PubMed: 12966124]

Menopause. Author manuscript; available in PMC 2018 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Jung et al. Page 13

Table 1
Baseline characteristics of participants, stratified by race, in the Women's Health

Initiative Observational Study

White Women African American Women
(n=2,425) (n=164)

Variable n (%) n (%)
Age in years, median (range) 66 (50-79) 62 (50-79) *
Education

< High school 707 (29.2) 61 (372"

> High school 1,718 (70.8) 103 (62.8)
Marital status

Not married 908 (37.4) 99 (60.4)

Married 1517 (62.6) 65 (39.6)
Family history of cancer

No 859  (35.4) 77 47.0)*

Yes 1566 (64.6) 87 (53.0)
Family history of breast cancer

No 1,947  (80.3) 139 (84.8)

Yes 478 (19.7) 25 (15.2)
Family history of colorectal cancer

No 2,064  (85.1) 134 (81.7)

Yes 361 (14.9) 30 (18.3)
Cardiovascular disease ever

No 1,954  (80.6) 123 (75.0)*

Yes 471 (19.4) 41 (25.0)
Diabetes ever¥

No 2,308 (95.2) 131 (79.9)%

Yes 117 (48) 33 (20.1)
Hypertension ever

No 1,643 (67.8) 59 (36.0)

Yes 782 (32.2) 105 (64.0)
High cholesterol requiring pills ever

No 2,097 (86.5) 134 (81.7)

Yes 328 (13.5) 30 (18.3)
Oral contraceptive use

Never 1,532  (63.2) 104 (63.4)

Ever 893  (36.8) 60 (36.6)
Exogenous estrogen use

No 1,026 (42.3) 95 579

Yes 1,399 (57.7) 69 (42.1)
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White Women African American Women
(n=2,425) (n=164)

Variable n (%) n (%)
Exogenous estrogen (E-only) use

No 1,611  (66.4) 114 (69.5)

Yes 814 (33.6) 50 (30.5)
Exogenous estrogen (E+P) use

No 1672 (68.9) 143 87.2)*

Yes 753 (3L.1) 21 (12.8)
History of hysterectomy or oophorectomy

No 1633 (67.3) 86 (52.4)*

Yes 792 (32.7) 78 (47.6)
Age at menarche in years, median (range) 13 (£9-217) 13 (£9-217)
Age at menopause in years, median (range) 50 (20 - 60) 50 (30 -60) *
METs-hour-week17

<10 1156 (47.7) 115 702)*

=10 1269 (52.3) 49 (29.9)
Smoking status

Never 1,194 (49.2) 71 (43.3)

Past 1,096 (45.2) 83 (50.6)

Current 135 (5.6) 10 (6.1)
Total HEI-2005 score, median (range)? 710 (322-918) 677 (34.1-87.4)"

Dietary alcohol per day in g, median (range) 1.015 (0.0 - 243.3) 0.017 (0.0-70.3) *
BMI in kg/m?2, median (range) 26.1 (14.4-655) 30.5 (186-61.2) "
Waist circumference in cm, median (range)  83.0  (39.0-177.0)  91.0 (70.5-1335)
Waist/hip ratio, median (range) 0.800 (0.366-1.893) 0.823 (0.642 - 1.005) *

Free IGF-I in ng/ml, median (range) 0234 (0.015-2643) 0332 (0017-2505)"

E, estrogen; E+P, estrogen + progestin; MET, metabolic equivalent; HEI-2005, Healthy Eating Index-2005; BMI, body mass index; IGF-I, insulin-
like growth factor-I.

*
P <0.05, chi-square test or Wilcoxon's rank-sum test.
A participant was considered to have diabetes if a doctor had ever said that she had diabetes when she was not pregnant.

”Physical activity was estimated via MET from recreational physical activity combining walking and mild, moderate, and strenuous physical

activity; each activity was assigned a MET value corresponding to intensity, and the total MET-hours-week L was calculated by multiplying the
MET level for the activity by the hours exercised per week and summing the values for all activities. The total MET was stratified into two groups,
with 10 METs as the cutoff.(40,41)

’tHEI-2005 is a measure of diet quality that assesses adherence to the U.S. Department of Agriculture's Dietary Guidelines for Americans. The total
HEI score ranges from 0 to 100, with higher scores indicating higher diet quality.
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