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4. Rationale:

With the emergence of long-term electrocardiogram (ECG) recordings that extend several
days beyond the typical 24-48 hours, the development of new tools to measure heart rate
variability (HRV) and QT interval variability (QTV) are needed to realize the full potential of
extra-long-term ECG recordings (14 days or longer). While it has been well known that reduced
HRYV is associated with increased risk of morbidity and mortality, most studies have been based
on short term ECG analysis.

Recently, increased QTV has been reported to be associated with arrhythmia and
cardiovascular death (1). While HRV and QTV contain different clinical information, the
nonlinear relationship between the RR interval and QT interval is also known to provide useful
clinical information. Specifically, the QT correction based on the RR interval (RRI) is known to
be useful for drug-prolonged QTc assessment (2,3). While not yet widely explored, it is
reasonable to hypothesize that the variability of the relationship between the RRI and QT also
provides useful clinical information. However, the non-stationary dynamic nature of the heart
rate renders quantification of HRV and QTV a difficult task, not to mention the variability of the
relationship between the RRI and QT. Specifically, while there have been several methods
proposed to quantify the HRV from 24-48 hour long-term electrocardiogram (ECG) recordings,
most of them are based on the stationarity assumption (4-7), a common assumption in many time
series techniques. While those methods could still be applied to any non-stationary time series,
such as 24-48 hour long-term heart rate, the results might not be directly interpretable, and we
might miss the finer non-stationary dynamics. Even worse, it might be misleading, like the
typical example discussed in (8). For example, the evidence shown in (8) indicates that as the
cardiac vagal tone falls with increasing levels of exercise, a greater percentage of the residual
power of the high frequency component may be due to non-neural mechanisms. The problem
becomes more challenging when we have “extra-long-term” ECG signals, such as 14 days or
longer (9-10).

Recently, we developed a new nonlinear-type time frequency analysis tool to analyze this
kind of extra-long-term ECG signals, specifically for the HRV and QTV (11). We would like to
assess the association of HRV and QTV (measured from extra-long ECG data available from the
Zio XT patch at Visit 6) with prevalent cardiovascular.

5. Main Hypothesis/Study Questions:

Aim 1: Evaluate the association of HRV and QTV with prevalent cardiovascular outcomes
Hypothesis: Lower HRV and higher QTV will be associated with higher prevalence of atrial
fibrillation (AF), coronary heart disease (CHD), and heart failure (HF).

Aim 2: Evaluate the coupling between RR interval and QT interval
The less variability in the relationship between the extra-long term RR interval and QT interval,
the higher the prevalence of cardiovascular outcomes.



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 Population

Inclusion: ARIC visit 6 participants with >48 hours of analyzable Zio® XT Patch ECG data.
Exclusion: Participants with continuous AF during the 2-week recording, which would confound
HRYV and QTV analysis

Exposures

We consider three sets of exposures determined from the extra-long-term ECG, including the
HRV-related indices, the QT variability-related indices, and the indices quantifying the
relationship between the RRI and QT interval.

The HRV-related indices include but are not limited to the time-varying high frequency
power (tvHF), the time-varying low frequency power (tvLF), the time-varying low-high
frequency power ratio (tvLHR) (12), the nonrhythmic-to-rhythmic ratio (NRR) (13). The tvHF,
tvLF and tvLHR are generalizations of the traditional high frequency power, low frequency
power and low-high frequency power ratio for the sake of capturing the dynamics. The NRR
captures how rhythmic the RRI time series is. The traditional HRV indices (i.e., SDNN,
RMSSD, etc) are also included for a comparison.

The QT variability-related indices include but are not limited to the QT variability index
proposed in (1) and NRR.

For the relationship between the RRI and QT interval, we consider the time-varying
coupling index proposed in (14), which captures when RRI and QT interval share fixed
oscillatory patterns. We call the assembly of all considered exposures an extra-long-term
dynamical vector, which can be represented by a polar chart.

Outcomes
AF, CHD, and heart failure

Covariates

Age, sex, race/study center, occupation, educational level, smoking (never, former, current),
alcohol intake, physical activity, body mass index, systolic and diastolic blood pressure, use of
antihypertensive medication, diabetes, and use of medications (anticoagulants, aspirin, beta
blockers, calcium channel blockers, and antiarrhythmic drugs).

Statistical analysis

Aims #1 & #2
We will model the extra-long-term dynamical vector as a continuous random vector.

We will use multivariable logistic regression to evaluate the association of the extra-long-term
dynamical vector with outcomes, adjusting for covariates using the following models:



Model 1: Age, sex, race/study center, occupation, and educational level
Model 2: Model 1 + smoking, alcohol intake, physical activity, body mass index, systolic and
diastolic blood pressure, use of antihypertensive medication, diabetes, and use of medications.

We will also test for sex- and race-based interactions and conduct sex- and race-stratified
analyses.
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