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4. Rationale:  

Chronic kidney disease (CKD) characterizes a reduced kidney function or kidney damage, and 

affects more than 10%-15% of the adult population globally1. Compared to the general 

population, CKD patients have an alarmingly higher rate of mortality, with sudden cardiac death 

(SCD) accounting for up to 25% of all deaths in this clinical population2. The underlying 

pathogenesis of arrhythmia in CKD is unclear and complex, but most likely involves an 

abnormal myocardium that is vulnerable to irregular ventricular conduction and various 

arrhythmogenic triggers such as electrolyte abnormality or uremic toxins 2.   

 Typically, an electrocardiogram (ECG) is used to non-invasively detect abnormal electronic 

conduction or arrhythmias and identify patients at risk; however, the conventional practice of 

using a 10-second ECG or a 24-hour Holter monitor often misses arrhythmias, as many are 

transient or paroxysmal. In this context, a novel leadless ECG-patch (Zio Patch, iRhythm 

Technologies, USA) has been introduced as a new device for continuously monitoring heart 

rhythm for up to 14 days3. Zio Patch has been shown to detect more events than a Holter monitor 

and is cleared by Food and Drug Administration for clinical use3. However, no studies have 

investigated the value of this novel device to monitor the high-risk CKD population. Moreover, 

no information is available regarding any specific risk factors of arrhythmias in persons with 

CKD. We therefore propose to analyze Zio Patch and clinical data from ~4,000 participants in 

the Atherosclerosis Risk in Communities (ARIC) study. 

 

5. Main Hypothesis/Study Questions:  

 

Aim 1) Examine the burden (i.e., presence, frequency, and duration) of various arrhythmias by 

CKD status (i.e., different stages of CKD and no CKD) defined by estimated glomerular 

filtration rate (eGFR) and urine albumin-to-creatinine ratio. We hypothesize that more severe 

CKD will be associated with higher burden of arrhythmias. 

 

Aim 2) Identify potent predictors of various arrhythmias in participants with CKD. We are 

particularly interested in electrolyte imbalance (i.e., serum potassium, calcium, magnesium) and 

anemia as key CKD complications increasing the risk of arrhythmias in CKD. We will evaluate 

predictors of arrhythmias are (dis)similar among those with vs. without CKD. Since there are no 

established treatments to recover reduced kidney function at this moment, this aim will have 

implications for the management of arrhythmia risk in CKD.  

 

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). 

 

For both aims, we will include all black and white ARIC study subjects with kidney disease 

measures (serum creatinine and cystatin C and albuminuria) and complete Zio Patch evaluation. 

Participants with missing kidney disease measures or Zio Patch data will be excluded. We will 

use the ARIC study visit 6 data for Aim 1 and additionally include visit 5 data for Aim 2.  

 

 

 

 



Main exposures: 

 

Aim 1) 

 eGFR (calculated using age, sex, race, serum creatinine and cystatin C using the CKD-

EPI equation) 

 Urinary albumin-to-creatinine ratio (ACR) 

 

Aim 2) 

 Serum electrolytes (serum potassium, calcium, magnesium) 

 Anemia (hemoglobin) 

 

Outcomes: 

 Arrhythmia and heart rate/conduction parameters of interest 

o Composite event comprised of: 

 Atrial fibrillation/flutter 

 2nd (type II) and 3rd degree atrioventricular block  

 Pause > 3 seconds 

 Ventricular tachycardia 

 Ventricular fibrillation 

o A secondary composite event comprised of: 

 Atrial fibrillation/flutter 

 2nd (type II) and 3rd degree atrioventricular block  

 Pause > 3 seconds 

 Ventricular tachycardia 

 Ventricular fibrillation 

 Supraventricular tachycardia 

o Separately examine: 

 Atrial fibrillation/flutter 

 2nd (type II) and 3rd degree atrioventricular block  

 Pause > 3 seconds 

 Ventricular tachycardia 

 Ventricular fibrillation 

 Supraventricular tachycardia 

 Supraventricular and ventricular ectopy  

 Additional characteristics of arrhythmia: 

o Burden characterized by % of analyzable time 

o First occurrence – elapsed time in days 

o Longest duration 

o Longest episode beat count 

o Maximum heart rate 

 

Covariates (will be explored as predictors in Aim 2): 

 Sociodemographic factors (age, sex, race, education) 

 Physical information (body mass index, blood pressure) 

 Lifestyle factors (smoking status, alcohol habit, physical activity) 

 Comorbidities (hypertension, coronary heart disease, diabetes, dyslipidemia, stroke) 



 Inflammation (C-reactive protein) 

 Cardiac parameters (left ventricular mass index, left ventricular ejection fraction) 

 Medications (QT-prolonging, antiarrhythmic, antihypertensive medications) 

 

Statistical analysis: 

 

Aim 1) 

 ANOVA or chi-square test will be used to describe and compare baseline characteristics 

across eGFR and ACR. We will use clinical categories of eGFR and ACR (eGFR: <15, 

15-29, 30-44, 45-59, 60-89, and 90+ ml/min/1.73m2 and ACR: <30, 30-299, and 300+ 

mg/g).  

 Modified Poisson, logistic or linear regression will be used to compare the presence, 

frequency, and duration of various arrhythmias across eGFR and ACR categories. We 

will account for potential confounders as listed above. 

 We will explore whether the associations are consistent across several demographic and 

clinical subgroups (by age, gender, race, diabetic status, a history of cardiovascular 

disease, etc.). 

 

Aim 2) 

 For arrhythmias significantly related to CKD in Aim 1, modified Poisson or logistic 

regression will be used to explore whether serum potassium, calcium, magnesium, and 

hemoglobin as well as predictors listed in the section of covariates for Aim 1 above are 

associated with burden of the arrhythmias in CKD beyond kidney function and 

albuminuria. 

 Once we identify significant predictors, we will examine whether those predictors are 

uniquely strongly associated with those relevant arrhythmias in CKD or have similar 

patterns in non-CKD. Interaction will be evaluated with a likelihood ratio test for models 

with vs. without a product term of a predictor of interest and CKD status.  
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