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4. Rationale:

Heart rate variability is a non-invasive measure of cardiac autonomic function. It is based on an
analysis of the intervals between successive normal complexes (NN intervals). In time domain
analyses, common parameters include the standard deviation of all NN intervals (SDNN) and the
square root of the mean squared differences of successive NN intervals (RMSSD). In frequency
domain analyses, common parameters include the low-frequency spectral component (LF) and
high-frequency spectral component (HF) (1996, Hillebrand et al., 2013). Changes in these heart
rate variability metrics signify changes in sympathetic and parasympathetic activity.

Lower heart rate variability leads to cardiovascular disease and cardiovascular disease-related
mortality in diabetes. In a prospective study of adults with 2-minute monitoring, lower heart rate
variability was associated with increased risk of coronary heart disease events in individuals with
diabetes (n=1275), but not in individuals without diabetes (n=10379) (Liao et al., 2002). In a
prospective study of adults with 1-minute and 3-minute monitoring, lower heart rate variability
was consistently, but not statistically significantly, associated with increased risk of
cardiovascular mortality in those with diabetes (n=159), but not in those without diabetes
(n=446) (Gerritsen et al., 2001). Whether insulin resistance contributes to heart rate variability
early on, prior to diabetes (i.e., in the absence of diabetes), remains to be determined.

Indeed, evidence on the relationship between insulin resistance and heart rate variability is not
clear in population-based studies. In a cross-sectional study of adults 45-64 years of age with 2-
and 6- minute monitoring (n=8,971), lower heart rate variability was associated with higher
insulin levels and weakly associated with higher glucose levels (Schroeder et al., 2005). In a
cross-sectional study of adults 30-79 years of age with 5-minute monitoring (n=1899), higher
insulin resistance indexes was associated with lower heart rate variability (Saito et al., 2015). In a
separate cross-sectional study of adults 23-70 years of age with 5-minute monitoring (n=220),
although the presence of the metabolic syndrome was associated with lower heart rate variability,
higher insulin resistance indexes was not associated with lower heart rate variability (Stuckey et
al., 2015). The inferences differ across studies.

These prior studies raise questions. The differences observed in these studies may be attributable
in part to the length of electrocardiographic monitoring; longer monitoring length may reduce
measurement error (Schroeder et al., 2005). The differences may also be attributable in part to
the assessment of insulin resistance levels; in addition to the use of glucose and insulin based
indexes, the use of lipid based indexes may reduce measurement error. Moreover, no prior
studies have examined this relationship in older adults; the relationship between insulin
resistance and heart rate variability may change with age.

To address these differences, our goal is to understand the relationship between insulin resistance
indexes and heart rate variability in a community-based population of older adults with 48-hour
monitoring.



5. Main Hypothesis/Study Questions:

e Aim: To determine the association of insulin resistance indexes with heart rate
variability.

e Hypothesis #1: Higher insulin resistance indexes will be associated with lower heart rate
variability.

e Hypothesis #2: This association -- defined by the difference in heart rate variability per
unit difference in insulin resistance index -- will be stronger in women than men.

e Hypothesis #3: This association -- defined by the difference in heart rate variability per
unit difference in insulin resistance index -- will not differ between African American
participants and white participants.

e Hypothesis #4: This association -- defined by the difference in heart rate variability per
unit difference in insulin resistance index -- will be stronger in those with, compared to
those without, hypertension.

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: The study participants will include participants who attended Visit 5 and
participated in the 48-hour Holter monitoring ancillary study visit.

Exclusions: Exclusions will include: 1) diabetes at visit 5 or at the ancillary study visit; and 2)
use of antiarrhythmic medications.

Outcome: Outcomes will include heart rate variability defined by SDNN, RMSSD, HF, and LF.
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Exposure: Exposures will include insulin resistance indexes defined by the homeostatic model
assessment of insulin resistance (HOMA-IR), the triglyceride to high-density lipoprotein
cholesterol ratio (TG/HDL-C), and the triglyceride glucose index (TyG). The equation for
HOMA-IR is: HOMA-IR = (fasting glucose in mg/dL) x (insulin in pU/mL) / 405. The equation
for TG/HDL-C is: TG/HDL-C = (triglyceride in mg/dL) / (high-density lipoprotein cholesterol in
mg/dL). The equation for TyG is: TyG = In(fasting triglyceride in mg/dL) x (fasting glucose in
mg/dL) / 2.



Covariates: Covariates include age, gender, race, study center, waist circumference, systolic
blood pressure, diastolic blood pressure, hypertension status, heart rate, and blood pressure
lowering medications. Other covariates include: family history of diabetes, physical activity,
diet, and alcohol consumption.

Statistical Analysis: We will examine the distribution of the heart rate variability parameters
using histograms and descriptive statistics. We will examine the relationship between the heart
rate variability parameters (the outcome) with each insulin resistance index (the exposure) using
scatter plots and descriptive statistics; we will examine heterogeneity by gender, race, and
hypertension status. We will determine the difference in heart rate variability per unit difference
in insulin resistance index using linear regression. We will determine the interaction, if any: 1)
between insulin resistance index and gender; 2) between insulin resistance index and race; and 3)
between insulin resistance index and hypertension status.

Additional Analysis: Exclude for beta-blockers.
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A prior study was conducted examining the relationship between diabetes, glucose, insulin, and
heart rate variability, entitled “Diabetes, glucose, insulin, and heart rate variability: the
Atherosclerosis Risk in Communities (ARIC) Study” by Schroeder et al. (2005).

Our study contributes to this prior study in three aspects. First, the study population includes
adults ~66-90 years of age; the prior study included adults 45-64 years of age. Our study
examines the relationship between insulin resistance and heart rate variability in late-life, as
opposed to mid-life, which may provide different inferences given the relationship between age
and insulin resistance.

Second, the proposed study assesses insulin resistance levels with composite, as opposed to
separate, measures that reflect different aspects of insulin resistance. The HOMA-IR reflects the
dysregulation of insulin and glucose, whereas the TG/HDL-C reflects the dyslipidemia seen in
insulin resistance. The repeatability of these composite measures address potential issues with
measurement error and regression dilution bias; the short-term repeatability is good to fair for
HOMA-IR (ICC 0.70) and excellent for TG/HDL-C (ICC 0.80) according to suggested
benchmarks.

Third, the proposed study assesses heart rate variability by examining both time domain analyses
and, in addition, frequency domain analyses assessed over a 48-hour period. These heart rate
variability measurements reflect sympathetic and parasympathetic nervous system activity:
SDNN represents sympathetic and parasympathetic activity; RMSSD represents parasympathetic
activity; HF represents parasympathetic activity; and LF represents sympathetic and
parasympathetic tone. Due to the longer length of monitoring, the repeatability of these heart rate
variability measurements address potential issues with measurement error. The short-term
repeatability of 6-minute measurements are the following: SDNN (ICC 0.87); RMSSD (ICC
0.91); HF (ICC 0.85); and LF (ICC 0.83) (Schroeder et al., 2004).
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