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4. Rationale:



Diabetes increases the risk for developing heart failure .* Insulin resistance, with or
without diabetes, has also been shown to elevate the incidence of heart failure .>*
Ingelsson et al examined rates of incident heart failure after 9 years, based on measures of
insulin resistance at baseline in Swedish men 70 years or older at baseline.® In unadjusted
Cox proportional hazard analysis, fasting glucose, fasting insulin, fasting proinsulin,
homeostasis model assessment insulin resistance (HOMA-IR) index, and impaired two
hour oral glucose tolerance test were associated with an increased incidence of heart
failure. When the models were subsequently adjusted for presence of diabetes and
established risk factors (prior acute myocardial infarction, hypertension,
electrocardiographic left ventricular hypertrophy, smoking, and serum cholesterol)
impaired two hour oral glucose tolerance test and fasting proinsulin remained associated
with an increased incidence of heart failure. In another study of 20,810 Veteran
Administration patients, fasting blood glucose levels between 110 and 125 mg/dl were
associated with an increased incidence of heart failure.®

Two studies have investigated the relationship between hemoglobin Alc values and the
incidence of heart failure in the Atherosclerosis Risk in Communities (ARIC) study
cohort.”® Both studies related hemoglobin Alc values collected at ARIC Visit 2 to
incident heart failure (death from HF or hospitalization from HF), and one of the studies
included patients without diabetes at baseline.” Hemoglobin Alc values greater than
5.5% were associated with higher incidence of heart failure. Previous work in ARIC has
also described the relationship between obesity and incident HF.® While obesity and
insulin resistance are strongly linked, recent evidence in smaller studies has suggested
that obesity without insulin resistance may have different prognostic importance than
obesity that is associated with insulin resistance.'® These relationships have not been
explored in large cohort populations.

We propose to investigate the relationship between insulin resistance and the incidence of
heart failure, to explore interactions with BMI/obesity, and determine the prognostic
value of insulin resistance relative to HbAlc. HOMA-IR, a measure of both the ability to
produce insulin and sensitivity to insulin, can be calculated in ARIC from fasting insulin
and glucose values, measured at Visits 1 & 4. In contrast to previous studies that have
related insulin resistance to incident HF, the ARIC cohort is a large bi-ethnic sample and
offers the potential to explore interactions between BMI and insulin resistance with
respect to incident HF, and to determine the incremental value of insulin resistance over
HbA1c, which has already been explored in this cohort.

5.  Main Hypothesis/Study Questions:

We hypothesize that insulin resistance will be associated with an increased risk for
incident heart failure, heart failure hospitalizations, and death from heart failure.
We further hypothesize that insulin resistance may modify the relationship between
obesity and incident heart failure such that non-insulin resistant obese patients will
be at reduced risk compared with insulin-resistant obese patients.

Specific Aims:



1. To assess the relationship between insulin resistance at Visit 1 and visit 4 and
subsequent incident heart failure. We hypothesize that insulin resistance will
be related to incident heart failure in non-diabetics and independent of
diabetes.

2. To assess how insulin resistance modifies the relationship between obesity
and incident heart failure. We hypothesize that the relationship between
obesity and incident heart failure is attenuated in patients without insulin
resistance.

3. To compare the predictive value of HOMA-IR versus HbAlc as a predictor
of incident heart failure (Visit 2).

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).

Subjects with prevalent heart failure at visit one will be excluded as defined as either
participant reported medication use for heart failure or Gothenberg score=3 or missing.
Subjects with diabetes at visit one, defined as those self-reporting diabetes, those with
elevated fasting blood sugar>126 or blood glucose>200, or those on diabetes
medications, will be excluded for the primary analyses. In a separate analysis,
participants who develop diabetes and/or heart failure between visits 1 and visit 4 will be
excluded, and subsequent incident heart failure will be assessed following visit 4.
Analysis methods:

Primary Exposure Variable:

e HOMA-IR will be calculated from fasting insulin and fasting glucose values at
Visit 1 and visit 4 utilizing the following formula: (fasting insulin)*(fasting
glucose mg/dl)/405*

e HOMA-IR values will be categorized in the following standard groups: < 2.5, 2.5
_ 4.0, > 4.012’ 13

Primary Endpoint: Combined incident heart failure, including heart failure
hospitalizations or heart failure-related death.

Analysis:

1. Baseline characterististics will be compared between categorical HOMA-IR
values using test for trend

2. Categorical HOMA-IR values at visit one and visit 4 will be related to incident
heart failure with COX regression analysis in univariate and multivariable
models adjusting for known confounders as well as those that are apparent based
on baseline characteristics. These will include (but not be limited to): prior
myocardial infarction, smoking, hypertension, and elevated serum cholesterol at



visit one. We will also test for interactions with BMI as a continuous variable
and obesity (BMI > 30) as a categorical variable.

3. The change in HOMA-IR between visit 1 and visit 4 will be related to
subsequent incident heart failure with COX regression analysis as described in
#2.

4. Additional analyses will be performed using incident diabetes and myocardial
infarction as time varying covariates, as well as sensitivity analyses excluding
patients who develop diabetes or suffer M1 prior to development of HF.

5. We will compare the predictive value of HOMA-IR (insulin resistance) relative
to Hemoglobin Alc at visit two (adjusting for covariates) by assessing change in
the C-statistic and with net reclassification techniques. For this analysis, we will
exclude subjects with prevalent diabetes and heart failure at or prior to visit two.

Limitations

- Unknown confounders may exist that are not accounted for in analysis models

- Death from HF assessed by death certificate, which may not capture all events

- May be more difficult to identify cases of diet controlled diabetes to exclude from
models and include in sensitivity analyses
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