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3. Timeline: 

Data to be used in this proposal are currently available. Analyses and manuscript 

preparation will be performed over the next 6 months 

 

4. Rationale:  

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

with cardiac etiology, has remained a public health issue in the U.S. and globally.
1
 It has 

been estimated that 210,000 – 330,000 people experienced SCD annually in the U.S.
2
, 

accounting for 15 percent of annual mortality.
3
 SCD could occur out-of-hospital as well 

as in-house. There is a decrease in frequency of ventricular fibrillation as an initial 

rhythm at the time of SCD. However, the incidence of SCD is not decreasing. There is a 

need to investigate on risk factors for SCD and to improve risk stratification.
1
  

 

Atherosclerosis has been shown to be associated with coronary heart disease (CHD) and 

stroke.
4, 5

 Carotid intima-media thickness (C-IMT) is a known surrogate marker for 

atherosclerosis and has been shown to be associated with cardiovascular disease.
6, 7

 Early 

identification of subclinical atherosclerosis could lead to more aggressive lifestyle 

modifications and medical treatment.
2
 While SCD and CHD share many of the risk 

factors,
8
 whether subclinical atherosclerosis is associated with incidence of SCD remains 

unknown.        

 

5. Main Hypothesis/Study Questions: 

 

Hypothesis: Subclinical atherosclerosis detected by carotid intima-media thickness is 

associated with risk of SCD after adjustment by traditional cardiovascular risk factors.  

 

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). 

 

Inclusions:  

All ARIC subjects with data of carotid intima-media thickness (IMT) at Visit 1 

 

All CHS subjects with data of carotid intima-media thickness (IMT) at the baseline clinic 

visit 

 

Exclusions:  

Subjects with CHD or heart failure (HF) at baseline 

Subjects without data of IMT at Visit 1 in ARIC or at the baseline clinic visit in CHS. 

Non-black and non-white participants in ARIC 

 

 

 

Exposures of interest:  



Carotid atherosclerosis by ultrasound (IMT) at baseline. Several C-IMT variables will be 

used for analyses: mean IMT, common carotid artery-IMT (CCA-IMT), maximum C-

IMT, maximum CCA-IMT, and presence or absence of plaque. Details of C-IMT were 

documented in previous ARIC publications
6, 7, 9

 and CHS publications.
5, 10, 11

   

 

Briefly, in ARIC, IMT was measured in 6 carotid sites: common carotid artery (1 cm 

proximal to the dilatation of the carotid bulb), the carotid bifurcation (1cm proximal to 

the flow divider), and the internal carotid artery (1cm distal to the flow divider). C-IMT 

was defined as mean of the 6 measurements. The presence of atherosclerotic plaque at 

any of the 6 segments was defined as wall thickness in excess of 1.5 mm or the presence 

of lumen encroachment or irregular intimal surface and/or image characteristics 

indicative of structural heterogeneity of the arterial wall.
9
  

 

In CHS, mean and maximum IMT were measured. The maximal IMT was defined as the 

mean of the maximal IMT of the near and far wall on both the left and right sides. 

Maximum C-IMT and CCA-IMT will be used for analysis. Absence of plaque was 

defined as a smooth intimal surface with no regional discrete plaque.
12

 Intermediate- risk 

plaque were hyperdense, calcified, or homogeneous plaque or those with a mildly 

irregular surface. High-risk plaques had an irregular or ulcerated surface or were 

hypodense or heterogeneous plaque occupying >50% of the total plaque volume. 

Intermediate-risk and high-risk plaques were grouped and compared with no plaque.     

 

Maximum common carotid IMT will be used in order to meta-analyze ARIC and CHS 

together.  

 

Outcome:  

Primary Outcome: incident SCD  

In ARIC, 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.  

 

In CHS, all CHS deaths were reviewed to classify SCD cases. CHD deaths were 

classified as defintite, possible, or not SCD. CHS SCD included definite and possible 

SCD.    

 

Secondary Outcome: non-SCD (NSCD), defined as CHD death not meeting SCD criteria 

 

Other variables of interest and covariates:  

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

Physical information: systolic and diastolic blood pressures, body mass index (BMI), 

presence/absence of left ventricular hypertrophy by electrocardiogram 

Lifestyle: smoking status and alcohol consumption  



Comorbidities: hypertension, diabetes mellitus (DM), dyslipidemia 

Medications: beta blockers, anti-arrhythmic drugs 

Time-dependent variable: interval CHD and HF 

 

Statistical Analysis Plan:  

Cox proportional hazards models will be used to evaluate associations of incident SCD 

with baseline C-IMT. C-IMT will be treated as continuous variables with potential 

nonlinearities evaluated using smoothers such as fractional polynomials (study-specific 

quartiles or continuous). Categorical variables such as presence versus absence of plaque 

for C-IMT will also be examined. Sensitivity to adjustment models will be examined 

using a number of adjustment models including: (M1) age, sex, and race-by-center terms; 

(M2) M1 + education, hypertension, diabetes mellitus, Cornell voltage, BMI, HDL and 

LDL cholesterols, current drinking, and current smoking; (M3) M2 + time-varying 

adjustors from M2.  

 

Sub-analyses will be performed stratified by age-group, sex, race, DM, hypertension, 

obesity (defined as BMI≥30 kg/m
2
). Stratified analysis and interaction term will be used 

to evaluate for possible interactions. Secondary analyses will be performed for the 

secondary endpoint of (NSCD).  

 

The above analyses will be performed in both ARIC and CHS.  

 

Meta-analysis will be performed to combine ARIC and CHS results using fixed effect 

analysis. The meta-analysis results will be considered as primary results of the study.  

 

Limitations:  

First, our definition of SCD was based on adjudicated fatal CHD. Other etiologies of 

SCD such as inherited rhythm disorders might not have been detected by our SCD 

definition. Second, we will use single measurements of C-IMT at visit 1. There may be 

changes over time. However, our focus is to see if these subclinical atherosclerosis 

measures are associated with incident SCD and not on serial changes of these variables 

over time. Lastly, there will remain a possibility of residual confounding although we 

adjust for variables that are known to be associated with SCD.   
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