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4. Rationale:
Diabetes has been associated with an increased risk of many cancers:*” and a
decreased risk of prostate cancer, including in ARIC.% A key unanswered question, as



articulated in a joint, consensus statement by the American Cancer Society and the
American Diabetes Association, is whether the association between diabetes and cancer
is due to shared risk factors, like obesity, or whether diabetes itself, and/or related
metabolic perturbations, increase the risk of cancer.®
Obesity is a well established risk factor for diabetes, as well as many cancers.®

Thus, the association between diabetes and cancer may be explained primarily by this
shared risk factor. However, the metabolic perturbations that occur throughout the
natural history of diabetes (e.g. hyperglycemia, hyperinsulinemia) have also been linked
to cancer risk. For example, increased fasting blood glucose was associated with a
statistically significant increased risk of cancer death in a large pooled analysis of
820,900 participants, which included ARIC participants.’® Indeed, it is well documented
that cancers require more glucose to generate energy than normal non-proliferative
tissue, this is known as the Warburg effect.'* Thus, hyperglycemia may be permissive
for cancer cell growth. Hyperinsulinemia has also been associated with cancer risk.” The
primary insulin action thought to influence cancer risk is its influence on the IGF axis.
Insulin-like growth factor (IGF-I) has a role in cell proliferation; insulin-like growth factor
binding proteins (IGFBP-1, IGFBP -2) bind IGF-I and inhibit its action. Insulin reduces
the IGFBP-1 level, and thereby increases bioactive IGF-1, which could stimulate cancer
cell growth.* Finally, in addition to changes in glucose and insulin levels, both obesity
and diabetes lead to perturbations in the lipid profile, and changes in markers of
inflammation, both of which may be relevant to cancer development and progression.

ARIC is an ideal cohort to pursue questions about these associations. Many other
prospective cohorts that have addressed these questions have been limited by blood
samples from one time point, and often use a nested-case control design, limiting
analyses to the study of one cancer at a time. In ARIC, the relevant anthropometric and
metabolic factors are repeatedly measured in all participants. In addition, repeated
anthropometric factors are collected by trained staff, and not self-reported as in other
studies. Thus, associations can be evaluated simultaneously across multiple common
cancers; and the analyses can address metabolic changes over time.

5. Main Hypothesis/Study Questions:

Specific Aim 1: To disentangle the influence of obesity, diabetes, and the associated
metabolic perturbations on cancer risk (overall and by sub-site), we will jointly classify
participants by weight status (i.e., normal, overweight, obese), glycemic level (i.e., hypo-,
normal, hyper-), and insulin level (i.e., hypo-, normal, hyper-), and evaluate the
association with cancer incidence, mortality, and case-fatality.

Specific Aim 2: To evaluate whether the associations identified in Aim 1 are
independent of other changes associated with diabetes and obesity, we will further
control the analyses for updated measures of the lipid profile (i.e., triglycerides, HDL,
LDL) and markers of inflammation (i.e., white blood cell count, fibrinogen, C-reactive
protein).

6. Design and analysis (study design, inclusion/exclusion, outcome and other
variables of interest with specific reference to the time of their collection, summary
of data analysis, and any anticipated methodologic limitations or challenges if
present).

Study Design: Prospective cohort of all ARIC participants without cancer at Visit 1.



Independent Variables: BMI (Visits 1-4), waist circumference (Visits 1-4), Fasting
glucose (Visits 1-4), HbAlc (Visit 2), Oral Glucose Tolerance Test (Visit 4), Fasting
insulin (Visit 1 and Visit 4), triglycerides (Visits 1-4), HDL (Visits 1-4), LDL (Visits 1-4),
white blood cell count (Visits 1 and Visit 2), fibrinogen (Visit 1), C-reactive protein (Visit
4)

Dependent Variable: Overall and site-specific cancer incidence, mortality, and case-
fatality through 2006 (with expansion to 2011, if the UO1 is funded).

Other variables of interest: Age; Race; Sex; Education; Income; Family history of
cancer overall and of specific sites (first degree: parent, sibling); Height; Smoking Status;
Alcohol consumption; Physical activity; Use of cholesterol-lowering drugs, aspirin, non-
aspirin non-steroidal anti-inflammatory drugs; Intake of energy, red and processed
meats, fruits, vegetables; Study site; Family history of diabetes;Diabetes diagnosis
(Visits 1-4), Use of medications to treat diabetes

For women: History of use of oral contraceptives; Use of post-menopausal hormones
(current/former/never use); Parity; Age at first birth; History of hysterectomy (at all visits)

Data Analysis Plan:

To address Aim 1: We will use Cox proportional hazards regression (with time since
Visit 1 as the time metric) to estimate the multivariate adjusted risk of overall and site-
specific cancer incidence, mortality, and case-fatality in relation to participants:

1. Jointly classified by weight status (i.e., normal, overweight, obese), glycemic level
(i.e., hypo-, normal, hyper-), and insulin level (i.e., hypo-, normal, hyper-) at visit 1.

2. With updated classifications across all 4 visits. For variables unmeasured at all
visits (e.g. insulin), we will explore the best modeling strategy (e.g. modeling the
most recent visit value; modeling the slope of the change between visits).

To address Aim 2: We will further control the analyses for updated measures of the lipid
profile (e.g., triglycerides, HDL, LDL) and markers of inflammation (e.g., white blood cell
count, fibrinogen).
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