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4. Rationale:  

 

Sudden cardiac death (SCD), defined as a sudden and unexpected pulseless condition 

with cardiac etiology, has been a public health issue worldwide.
1
 In the U.S., the annual 

SCD cases are estimated at 300,000 - 350,000
2
, accounting for 15 percent of annual 

mortality.
3, 4

  Since SCD can occur out-of-hospital before any medical care can be given 

to the patients, there is a need to identify individuals at high risk and to prevent SCD. It is 

known that most SCD cases (up to 80%) have coexisting coronary artery diease.
5
 

Currently, decreased ejection fraction (EF) is the only variable used clinically for SCD 

risk stratification, and implantable cardioverter defibrillator has been shown to reduce 

SCD risk among the patients with this condition (EF≦35%) .
6
 However, this subgroup 

only accounts for 20% to 30% of SCD
7, 8

 and there remains a need to investigate on risk 

factors for future occurrence of  SCD.
1
  

 

Chronic kidney disease (CKD) is a well-known risk factor of cardiovascular disease and 

mortality.
9, 10

 It has been recently shown that individuals with CKD had similar mortality 

risk to those with prior myocardial infarction
11

 . Indeed, European clinical guidelines 

recognized CKD as a cardiovascular risk equivalent.
12

 However, little is known about the 

association between CKD and SCD, despite potential mechanisms linking CKD to SCD, 

e.g., electrolyte disturbances such as potassium.  

 

Glomerular filtration rate (GFR) is the best overall measure of kidney function and is 

usually estimated using serum creatinine in clinical practice and epidemiological 

research.
13

 On the other hand, it is well known that serum creatinine is affected by muscle 

mass.
14

 In this context, several novel markers of kidney function such as cystatin C 

demonstrate some advantages over serum creatinine in terms of cardiovascular risk 

prediction.
15, 16

 Thus, the objective of this study is to investigate the relationship of three 

novel kidney filtration markers, β2-microglobulin (B2M), β-trace protein (BTP), and 

cystatin C, to the incidence of SCD in the ARIC Study. We are particularly interested in 

B2M, since B2M outperformed cystatin C for predicting mortality in some studies.
17

 

 

5. Main Hypothesis/Study Questions: 

 

Hypothesis 1: Higher B2M, BTP, and Cystatin C are independently associated with 

incident SCD.  

 

Hypothesis 2: Among these three kidney measures, B2M is most strongly associated with 

incident SCD.   

 

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: prospective cohort study 

 

Inclusions:  

Primary analysis: All ARIC subjects with data of B2M, BTP and cystatin C at visit 4 

Secondary analysis: All ARIC subjects with data of B2M and cystatin C at visit 2 (BTP is 

not available in all participants at Visit 2) 

 

Exclusions:  

Subjects without data of B2M, BTP, or cystatin C 

Non-black and non-white participants 

 

Exposures of interest:  

B2M, BTP, and cystatin C measured at visit 4 (measured as part of Ancillary Study 

#2006.16) and B2M and cystatin C measured at visit 2 (measured as part of Dr. Selvin’s 

Ancillary Study #2009.16). We will also evaluate eGFR estimated from cystatin C using 

the CKD-EPI cystatin C equation.
18

  

 

Outcome: 

Incident SCD: All events classified as having fatal coronary heart disease (CHD) were 

reviewed. SCD is defined as a sudden pulseless condition presumed to be due to a 

ventricular tachyarrhythmia in a previously stable individual without evidence of a 

noncardiac cause of cardiac arrest. After review of data available, cases were classified as 

definite sudden arrhythmic death, possible sudden arrhythmic death, not sudden 

arrhythmic death, or unclassifiable. For this analysis, SCD was defined as definite or 

possible sudden arrhythmic deaths.
19, 20

   

 

Other variables of interest and covariates:  

Sociodemographics: age, race/center, gender, education, income 

Physical information: blood pressure, body mass index, presence/absence of left 

ventricular hypertrophy by electrocardiogram and carotid atherosclerosis by ultrasound 

Lifestyle: smoking status and alcohol consumption  

Comorbidities: hypertension, diabetes mellitus, dyslipidemia, history of CHD, 

albuminuria 

 

Statistical Analysis Plan:  

Cox proportional hazards models will be used to evaluate associations among B2M, BTP, 

cystatin C, and incident SCD. B2M, BTP, and cystatin C will be treated as categorical 

(quartiles) and continuous variables in the models. We will adjust for the covariates listed 

above. Regarding the strength of association across novel kidney markers, coefficients 

for a given quartiles (e.g., top quartile) or for 1-SD increment of each kidney marker will 

be compared.  

 

Since eGFR based on serum creatinine (eGFRcr) is being explicitly analyzed in MP 

#1244, we will take eGFRcr into account in a few sensitivity analyses. Specifically, we 



will assess whether the associations of three novel filtration markers with SCD are 

independent of eGFRcr and stronger than that of eGFRcr.  

 

Given the availability of BTP as an exposure and albuminuria as a key covariate, our 

primary analysis will use data obtained at visit 4. Secondary analysis with data at visit 2 

will allow us to test robustness of our findings with more SCD cases during longer 

follow-up time.   

 

Limitations:  

First, a number of SCD cases after visit 4 may be limited. Second, our definition of SCD 

was based on adjudicated fatal CHD. Other etiologies of SCD such as inherited rhythm 

disorders might have not been detected by our SCD definition. Third, there will remain a 

possibility of residual confounding although we adjust for variables that are known to be 

associated with SCD. Lastly, the analysis primarily relies on a single measurement of key 

exposures, and there is a chance of misclassification due to short-term variability. 

However, we will repeat our analysis using values derived from visit 2 and visit 4.  
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