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4. Rationale:

Heart failure (HF) is a growing public health concern with a prevalence of 6.5 million in
the United States and an incidence that rises with age.? Clinically, HF is associated with
marked morbidity and mortality.® Furthermore, HF hospitalizations are the leading cause
of inpatient Medicare spending in the United States.* There is therefore growing interest
in refining strategies for preventing the development of HF. Several risk factors for HF,
both modifiable and non-modifiable, have been well described. However, the degree to
which optimization of modifiable risk factors might impact the incidence of HF is not yet
fully defined.

Diabetes mellitus (DM) and hypertension (HTN) are potent and modifiable
clinical risk factors for HF.>® Chronic hyperglycemia, as reflected by higher hemoglobin
Alc (HbAlc), is strongly and independently associated with increased HF risk.’
Similarly, systolic blood pressure has a graded, direct risk association with incident HF.°
Obesity is an additional modifiable risk factor that is causally linked to the development
of DM and HTN.8 Furthermore, considerable evidence supports independent effects of
excess adiposity on myocardial remodeling and subsequent clinical HF.® Physical activity
is also strongly linked to the development of DM and HTN, in addition to having an
inverse association with HF that is independent of those comorbidities.°

Previous studies have demonstrated that the absence of established cardiovascular
risk factors, is associated with a lower incidence of HF ! and total cardiovascular
disease.'? The current study will use clinically utilized cutpoints to focus on risk
associations for different levels of risk factor control (optimal, mild to moderately
uncontrolled, severely uncontrolled) among those with prevalent risk factors (i.e, HTN,
DM). This will allow us to examine the relative and absolute HF risk differences
associated with various levels of control of major modifiable risk factors for HF, with a
focus on HTN, DM, obesity and physical activity. We will be able to quantify the risk
differences associated with incremental differences in risk factor levels, which may
provide additional clinical insights regarding the management of those with existing risk
factors. We anticipate that this work will extend our current understanding of the
incremental benefit achieved by enhanced control of these modifiable HF risk factors.
This in turn can assist in informing the focus and prioritization of resources for different
HF preventive strategies.

5.  Main Hypothesis/Study Questions:

Aim:
To estimate the relative and absolute HF risk differences associated with different
levels of control of major modifiable risk factors for HF, with a focus on
hypertension, diabetes, obesity and physical activity. For obesity and physical
activity, we will estimate both the indirect (via mediation through hypertension
and diabetes) and direct (after multivariable adjustment in the full regression
model) associations of different levels of these variables with incident HF.



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: This will be a prospective analysis examining the associations of different
levels of the modifiable HF risk factors of HTN, DM, obesity and physical activity with
HF risk. We will examine the risk associations of different levels of glycemia, systolic
blood pressure (SBP) weight and physical activity within the ARIC population. For
glycemic and blood pressure control, the principal focus will be on risk associations of
optimal levels among those with prevalent diabetes and hypertension. ARIC Visit 2
(1990-1992) will serve as the time point for risk factor assessment and the baseline for
follow-up for incident HF events due to the availability of HbAlc at that time point.

Exposures: Prevalent diabetes (defined as either prevalent DM per ARIC, which is
fasting blood glucose > 126 mg/dl, non-fasting blood glucose > 200 mg/dl, self-reported
physician diagnosis of diabetes, self-reported use of diabetes medications, or measured
HbAlc > 6.5%), prevalent hypertension (defined as SBP > 130 mmHg, DBP > 80 mmHg
and/or reported use of blood pressure medications), prevalent obesity (defined as a body
mass index >30 kg/m?), and poor physical activity (defined as no moderate or vigorous
exercise activity). We will use Visit 2 measures to define all of these exposures except for
physical activity, which was not assessed at Visit 2 (we will instead use reported physical
activity at Visit 1). We will additionally use the following categorization for levels of
HbAlc, SBP, BMI and physical activity.

1. HbAlc (%): Among those with diabetes as defined above, HbAlc will be
categorized as <7% (reference group), 7-8%, and >8%.* We will also
categorize those without diabetes (no diabetes per ARIC and HbAlc < 6.5%)
as <5.7% and 5.7-<6.5%.

2. SBP (mmHg): Among those with hypertension as defined above, SBP will be
categorized as <120 mmHg (reference group), 120-<130 mmHg, 130-<140
mmHg, 140-<160 mmHg and >160 mmHg.'* We will additionally categorize
those without hypertension (no anti —hypertensive drug use and SBP < 120
mmHg) as <100 mmHg, 100-<110 mmHg and 110-<120 mmHog.

3. BMI (kg/m?): BMI will be categorized as underweight (<18.5 kg/m?), normal
weight (18.5-25 kg/m? reference group), overweight (25-29.9 kg/m?), obese
(30-34.9 kg/m?) and severely obese (>35 kg/m?).

4. Physical activity: Measured by a modified Baecke questionnaire and
categorized as per AHA guidelines as recommended (>75 min/week of
vigorous intensity or >150 min/week of any combination of moderate and
vigorous intensity; reference group), intermediate (75-150 min/week of
moderate or vigorous intensity), and poor (no moderate or vigorous activity).%®
We will consider further categorization based on a continuous measure of
physical activity, calculated in METS*min/week.



Outcomes: Incident HF, defined as HF hospitalization or death using ICD codes (428 for
early follow-up and 150 for later follow-up), is the outcome of interest. We will assess
risk for HF events occurring after Visit 2 (baseline for prospective analyses) until
12/31/2016 or the most recent follow-up available.

Exclusions: We will exclude participants with HF (self-reported HF at Visit 1; or
incident HF events at or prior to Visit 2), those missing data on the primary exposure
variables and the small number of individuals not of black or white race.

Covariates: Age, sex, race-center, education, occupation, smoking status, alcohol use,
LDL-cholesterol, HDL-cholesterol, triglycerides, estimated glomerular filtration rate
(eGFR) and coronary heart disease (defined as prevalent CHD at Visit 1, adjudicated
cases of nonfatal M1 or fatal CHD at or prior to Visit 2, or silent Ml by Visit 2). We may
perform analyses considering anti-hypertensive treatment and hypoglycemic therapy as
covariates.

Main Analyses:

- We will perform univariate comparisons of covariates among those with 0, 1, 2, 3
and 4 of the major modifiable HF risk factors of prevalent diabetes, hypertension,
obesity and poor physical activity. We will use ANOVA for continuous variables
and the chi-squared test for categorical variables.

- We will construct Cox regression models, adjusted for the covariates above, and
estimate adjusted incidence rates (at mean levels of covariates) and adjusted
hazard ratios (with associated 95% confidence intervals) for those with 0, 1, 2, 3
and 4 of the major modifiable HF risk factors. In calculating HRs, those with 0
risk factors will serve as the reference group.

- Using the categorization for major risk factors described above, we will construct
Cox regression models that jointly include each of the risk factors and covariates.

o For estimating associations for obesity and physical activity, we will fit
two regression models: Model 1 that includes obesity and physical activity
levels and the covariates listed above and Model 2 that includes the Model
1 variables plus HTN and DM categories. Model 2 will be used to assess
direct HF associations for categories of obesity and physical activity; The
difference between Model 1 and Model 2 estimates (using lincom) will be
used to assess indirect HF associations through HTN and DM (mediation).
For obesity and physical activity, those with normal weight and
recommended physical activity levels, respectively, will serve as the
reference groups.

o For estimating associations for glycemia and blood pressure levels, we
will use the output from Model 2 above, which concomitantly includes
levels of weight, physical activity, glycemia and blood pressure in addition
to covariates. As the focus of this analysis is on the potential benefits of
optimal risk factor levels, for HTN and DM, those with the risk factor but
with optimal control will serve as the reference group.

o We will estimate adjusted incidence rates and HRs (with associated 95%
Cls) within each category of risk factor control and compare them to the



reference group to determine the absolute and relative risk reduction
associated with different levels of risk factor control. While the primary
focus will be on risk factor control, we will also define risk associations
for those without risk factors (e.g., no HTN or DM) using the
categorizations described above.
We will also construct spline models to estimate the continuous associations of
each of the risk factors’ levels with incident HF, when included jointly in the
same model (a regression model including all of the modifiable HF risk factors),
to assess for deviations from linearity.
We will perform additional analyses categorizing each of the 4 modifiable risk
factors as optimal (reference group level), mild to moderately uncontrolled, or
severely uncontrolled (e.g., SBP > 160 mmHg, Alc > 8%, BMI > 35 kg/m? and
poor physical activity [no moderate or vigorous physical activity]). We will then
create subgroups based on the number of risk factors and levels of risk factor
control (e.g., all optimally controlled risk factors, 1-2 mild to moderately
uncontrolled risk factors, 1-2 severely uncontrolled risk factors, etc) and will
assess relative and absolute HF risk associations for these subgroups in Cox
regression models.
We will perform analyses stratified by race, sex, and age (>= or <65 years) to
assess for demographic differences in the above risk associations

Secondary Analyses:

In secondary analyses, we will use waist circumference quartiles in place of BMI
categories as an alternative measure of adiposity

We will perform additional analyses excluding those individuals with previously
undiagnosed diabetes and hypertension from the definitions of prevalent diabetes
and hypertension. We will also perform analyses differentiating those individuals
with hypertension and diabetes who are receiving treatment from those
individuals who are untreated.

Limitations:

1.
2.

3.

Residual confounding due to the observational nature of the study.

Limitations in measurement of physical activity due to self-report via a
questionnaire.

BMI and physical activity are correlated and can be bi-directionally related.

Diet, another modifiable risk factor for HF, is not captured well in ARIC and will
not be included in this analysis.

Risk factor levels may reflect the severity of the comorbidity being assessed,
rather than the quality or adequacy of treatment (e.g., anti-HTN therapy) being
administered for the condition. As described above, we will perform analyses
considering those with prior diagnoses of HTN and DM and those on treatment
for these conditions, but this will not fully address this limitation

Measurements of risk factors at a single point in time will not reflect the impact of
longitudinal changes in those risk factor levels on the observed risk associations
Changes in the definitions of DM and HTN over time effect the likelihood of
treatment at different risk factor levels. We will assess risk associations at various



levels of glycemia and blood pressure and perform analyses accounting for the
use of medical therapies for DM and HTN.

8. The use of ICD-based HF definitions in this analysis, will be associated with
some potential for misclassification.
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